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THE STUDY OF THE DISSOLVED NITROGEN CONTAINING MACROMOLECULES 
IN THE MARINE ENVIRONMENT 

by: 

J a s m i n Chapman. 

ABSTRACT. 

A method was d e v e l o p e d f o r t h e d i r e c t d e t e r m i n a t i o n 
of the d i s s o l v e d combined amino a c i d (DCAA) c o n t e n t of 
s e a w a t e r i n v o l v i n g t h e a c i d h y d r o l y s i s of s e a w a t e r under 
s p e c i f i e d c o n d i t i o n s , f o l l o w e d by t h e d e t e r m i n a t i o n of 
the amino a c i d s by r e v e r s e phase l i q u i d c h romatography 
( R P L C ) . No p r e c o n c e n t r a t i o n or c o - p r e c i p i t a t i o n s t e p s 
were r e q u i r e d . Under o p t i m a l c o n d i t i o n s a p p r o x i m a t e l y 
s i x t y p e r c e n t of the t o t a l amino a c i d s i n the 
m a c r o m o l e c u l a r f r a c t i o n a r e p r o b a b l y r e c o v e r a b l e by t h i s 
p r o c e d u r e . 

The commonly us e d r e f l u x method f o r DCAA d e t e c t i o n 
was shown to be i n a c c u r a t e due to a c o m b i n a t i o n of 
d e g r a d a t i v e l o s s e s and c o n t a m i n a t i o n . 

The t e c h n i q u e of DCAA d e t e r m i n a t i o n , d e v e l o p e d i n 
t h i s s t u d y , was not s u i t a b l e f o r e s t u a r i n e or o t h e r 
w a t e r s c o n t a i n i n g h i g h n i t r a t e l e v e l s , due to the 
o c c u r r e n c e of o x i d a t i v e l o s s e s . 

The s e a s o n a l r e l a t i o n s h i p between t h e d i s s o l v e d 
combined and the d i s s o l v e d f r e e amino a c i d l e v e l s and 
c o m p o s i t i o n s , both a t s u r f a c e and a t dept h i n t h e c o a s t a l 
w a t e r s of Plymouth UK, were s t u d i e d . 

L e v e l s of d i s s o l v e d combined amino a c i d s were shown 
to be between 0.246 and 6.741 uM, w i t h a mean of 1.7 uM, 
w h i l e t h e l e v e l s of d i s s o l v e d f r e e amino a c i d s (DFAA) 
range d from below the l i m i t s of d e t e c t i o n of t h e 
a n a l y t i c a l t e c h n i q u e , to 9.372 uM, w i t h a mean of 0.403 
uM. The DFAA f r a c t i o n showed l a r g e f l u c t u a t i o n s i n l e v e l s 
and c o m p o s i t i o n . The r a t i o of t h e DCAA to t h e DFAA v a r i e d 
between 10:1 and 30:1 d e p e n d i n g on s e a s o n . The major 
a c i d s of t h e combined f r a c t i o n were g l y c i n e , h i s t i d i n e , 
a s p a r t a t e , g l u t a m a t e , a l a n i n e and v a l i n e . Whereas the 
dominant a c i d s i n t h e f r e e f r a c t i o n were a s p a r t a t e , 
g l u t a m a t e , s e r i n e , g l y c i n e and a l a n i n e . E v i d e n c e i s 
p r e s e n t e d t h a t c e r t a i n s p e c i f i c amino a c i d s may used 
p r e f e r e n t i a l l y by t h e b i o t a . 

F r a c t i o n a t i o n s t u d i e s , u s i n g u l t r a f i l t r a t i o n 
t e c h n i q u e s , showed t h a t t h e b u l k of t h e d i s s o l v e d 
combined f r a c t i o n was of a s m a l l s i z e w i t h m o l e c u l a r 
w e i g h t l e s s t h a n 25,000. 

Samples o b t a i n e d from c o a s t a l w a t e r s , c o n t a i n i n g 
l a r g e numbers of p h y t o p l a n k t o n , were shown to c o n t a i n , i n 
a d d i t i o n to the normal s p e c t r u m of f r e e amino a c i d s , 
c e r t a i n compounds not n o r m a l l y found i n s e a w a t e r s a m p l e s . 
T h e s e compounds were t e n t a t i v e l y i d e n t i f i e d a s g l u t a m i n e , 
e t h a n o l a m i n e , t a u r i n e and g l u c o s a m i n e , from t h e i r RPLC 
r e t e n t i o n t i m e s . 

The r e s u l t s of t h i s s t u d y e m p h a s i s e t h a t DCAA have a 
complex r o l e i n the n i t r o g e n c y c l e of t h e ma r i n e 
e n v i r o n m e n t . 
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CHAPTER 1. 

INTRODUCTION. 

1.1 P r i m a r y P r o d u c t i v i t y . 

P h y t o p l a n k t o n a r e v e r y s m a l l a q u a t i c p l a n e s w h i c h 

a r e of c e n t r a l i m p o r t a n c e t o the e c o l o g y of t h e i r 

e n v i r o n m e n t as they form t h e base of t h e food c h a i n 

( C l e g g 1 9 8 0 ) . 

P h o t o s y n t h e s i s c a r r i e d out by the p h y t o p l a n k t o n 

c o n v e r t s l i g h t e nergy to c h e m i c a l energy w h i c h i s s t o r e d 

i n the form of o r g a n i c compounds s u c h a s c a r b o h y d r a t e s , 

l i p i d s and p r o t e i n s . The amount of new o r g a n i c m a t t e r 

produced by a u t o t r o p h s ( t h e p h y t o p l a n k t o n and 

p h o t s y n t h e t i c b a c t e r i a ) i s c a l l e d p r i m a r y p r o d u c t i o n , 

w h i l e the amount produced per time u n i t (on a volume or 

a r e a b a s i s ) i s c a l l e d p r i m a r y p r o d u c t i v i t y . 

The e q u a t i o n , 

l i g h t 

6 CO2 + 6 H 2 O > C 6 H 1 2 O 6 + 6 O2 

c h l o r o p h y l l 

i s a summary of the p h o t o s y n t h e t i c r e a c t i o n . The r a t e s of 

c a r b o n d i o x i d e consumption and oxygen e v o l u t i o n a r e u s e d 

to measure p r i m a r y p r o d u c t i v i t y . D a r l e y (1982) d i s c u s s e s 

Che p r a c t i c a l methods u s e d to d e t e r m i n e t h e p r i . ^ a r y 

p r o d u c t i v i t y and the l i m i t a t i o n s of t h e s e t e c h n i q u e s . The 

most w i d e l y used .method i s the i n c o r p o r a t i o n of 

1 



I " C - l a b e l l e d b i c a r b o n a t e . The r a d i o a c t i v e b i c a r b o n a t e i s 

added to w a t e r samples i n l i g h t and d a r k b o t t l e s w h i c h 

a r e i n c u b a t e d i n s i t u , or i n i n c u b a t o r s , f o r 1 to 6 

h o u r s . A f t e r t h i s the c e l l s (and o t h e r p a r t i c u l a t e 

m a t t e r ) a r e r e c o v e r e d by f i l t r a t i o n and the r a d i o a c t i v e 

c o u n t d e t e r m i n e d . I n o r d e r to be a b l e to c o n v e r t t h e 

r a d i o a c t i v e c o u n t to mgC a s s i m i l a t e d i t i s n e c e s s a r y to 

known t h e t o t a l c o u n t s added, the t o t a l amount of 

i n o r g a n i c c a r b o n added and t h e c o u n t i n g e f f i e n c y of the 

s y s t e m b e i n g u s e d . 

The l i m i t a t i o n s of t h e l a b e l l e d b i c a r b o n a t e method 

a r e a s f o l l o w s . The c o n t a i n m e n t of t h e w a t e r i n b o t t l e s 

c a n l e a d to the growth of b a c t e r i a w h i c h w i l l i n c r e a s e 

the r e s p i r a t i o n and l e a d to an i n a c c u r a c y i n the 

d e t e r m i n a t i o n of the f i g u r e s f o r p r i m a r y p r o d u c t i v i t y . 

C o ntainment may a l s o e f f e c t t h e p h y s i o l o g y of t h e 

p h y t o p l a n k t o n c e l l s . S p e c i e s c o m p o s i t i o n may v a r y due to 

the d i f f e r e n c e s i n the a b i l i t e s of v a r i o u s s p e c i e s to 

adapt to t h e m o d i f i e d e n v i r o n m e n t i n s i d e t h e b o t t l e . L o s s 

of t h e a s s i m i l a t e d ^^C from c e l l s may be c a u s e d by 

f i l t r a t i o n and f i x a t i o n p r o c e s s e s and the r e l e a s e of 

d i s s o l v e d o r g a n i c c a r b o n , i n the form of e x t r a c e l l u l a r 

p r o d u c t s , by t h e c e l l s . D a r l e y (1982) c o n c l u d e s t h a t "one 

must s i m p l y keep i t s , [ t h e ^ C method], l i m i t a t i o n s i n 

mind when i n t e r p r e t i n g d a t a " . 

T h e s e p o s s i b l e changes i n t h e n a t u r e of t h e s a m p l e s 

a r e a f u n d a m e n t a l d i f f i c u l t y e n c o u n t e r e d i n t h e a n a l y s i s 

of e n v i r o n m e n t a l s a m p l e s . 

Two t h e o r i e s , h a v e been put f o r w a r d a s to the f a c t o r 

c o n t r o l l i n g p r i m a r y p r o d u c t i v i t y . ( F l y n n & B u t l e r 1 9 8 6 ) . 
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The f i r s t c a n be d e s c r i b e d a s t h e a g r i c u l t u r a l model 

b e i n g b a s e d on t h e growth of t e r r e s t r i a l p l a n t s . T h i s 

l e a d s t o the c o n c e p t of p l a n t g r o w t h b e i n g dependent' on 

the p r e s e n c e of the n u t r i e n t s , n i t r a t e and p h o s p h a t e , i n 

the s o i l . T h i s c o n c e p t of n u t r i e n t l i m i t a t i o n was a p p l i e d 

to t h e p h y t o p l a n k t o n of t h e s e a s . However two 

d i f f i c u l t i e s were e x p e r i e n c e d when a p p l y i n g t h i s 

a g r i c u l t u r a l model to t h e o c e a n s . F i r s t l y i t c a n n o t 

a c c o u n t f o r t h e s p e c i e s s u c c e s s i o n of p h y t o p l a n k t o n s e e n 

i n the n a t u r a l e n v i r o m e n t . S e c o n d l y i n t e m p e r a t e w a t e r s , 

the growth of p h y t o p l a n k t o n c o n t i n u e s i n t h e a b s e n c e of 

n i t r a t e d u r i n g the summer months. McCarthy (1980) c o i n e d 

the p h r a s e t h e " s o m e t h i n g f o r n o t h i n g " p a r a d o x t o 

h i g h l i g h t t h i s anomaly. 

The s e c o n d t h e o r y a s t o t h e c o n t r o l of p r i m a r y 

p r o d u c t i v i t y i s t h e p r e d a t o r / p r e y model w h i c h c o n s i d e r s 

t h a t g r a z i n g by h e t e r o t r o p h s l i m i t s p r o d u c t i v i t y . 

1.2 D i s s o l v e d O r g a n i c N i t r o g e n (DON). 

Duursma (1965) r e c o g n i z e d 4 main groups of d i s s o l v e d 

o r g a n i c compounds. T h e s e a r e ; 

1. N i t r o g e n f r e e compounds, 

2. N i t r o g e n o u s compounds i n c l u d i n g amino a c i d s and 

p e p t i d e s , 

3. F a t l i k e s u b s t a n c e s , 

4. Complex s u b s t a n c e s s u c h a s Humics t h a t a r e d e r i v e d 

from groups 1 and 2. 



The e x t e r n a l s o u r c e s of d i s s o l v e d o r g a n i c m a t e r i a l 

of w h i c h DON i s a p a r t a r e t h e at m o s p h e r e , r i v e r s and 

s e d i m e n t s . W h i l e t h e i n t e r n a l s o u r c e s of o r g a n i c m a t e r i a l 

a r e p h y t o p l a n k t o n e x u d a t i o n , z o o p l a n k t o n e x c r e t i o n , 

s l o p p y f e e d i n g by z o o p l a n k t o n , c e l l l y s i s and d e c a y . 

( J o h a n n e s & Webb 1970, Menzel & R y t h e r 1970, S h a r p 1975, 

W i l l i a m s 1975, G a g o s i a n & Lee 1981, E p p l e y e t a l . 1982, 

Dagg e t a l . 1982, B i d i g a r e 1983, Fogg 1983, L a a n b r o e k e t 

a l . 1985, Mopper & Z i k a 1 9 8 7 ) . Fig.- 1.1 t a k e n from 

P a r s o n s e t a l . (1984) i l l u s t r a t e s t h e o r i g i n s of 

d i s s o l v e d o r g a n i c m a t t e r i n t h e o c e a n s . 

T h e r e i s an i n v e r s e r e l a t i o n s h i p between n i t r a t e and 

DON l e v e l s . T h e r e f o r e a s n i t r a t e d e c l i n e s i n t h e summer 

the DON l e v e l s i n c r e a s e and a s t h e DON f a l l s i n t h e 

w i n t e r n i t r a t e l e v e l s r i s e . T h i s can be s e e n p i c t o r i a l l y 

i n F i g . 1.2 t a k e n from B u t l e r e t a l . ( 1 9 7 9 ) . 

The f u n d a m e n t a l q u e s t i o n a s s t a t e d by t h e R o y a l 

S o c i e t y Study Group (1983) " i s w h e t h e r d u r i n g t h e summer 

months when i n o r g a n i c n i t r o g e n c o n c e n t r a t i o n s i n t h e 

e u p h o t i c zone a r e low, t h e p h y t o p l a n k t o n u t i l i z e a s a 

s o u r c e of n i t r o g e n a t l e a s t p a r t of t h e l a r g e q u a n t i t i e s 

of DON w h i c h a r e p r e s e n t " . I f components of t h e DON a r e 

u s e d by t h e p h y t o p l a n k t o n a s a n u t r i e n t s o u r c e t o s u p p o r t 

growth t h e n p r i m a r y p r o d u c t i v t i y i s more l i k e l y t o be 

c o n t r o l l e d by t h e p r e d a t i o n o f h e t e r o t r o p h s . 

Without some knowledge of t h e c o n s t i t u e n t s of t h e 

DON i t i s d i f f i c u l t t o d e t e r m i n e i f i t c a n be u t i l i z e d a s 

a n u t r i e n t s o u r c e . B r a v e n e t a l . (1984) s t a t e t h a t " t h e 

amount of u n i d e n t i f i e d forms of n i t r o g e n r e m a i n i n g i n t h e 
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Fig 1.2 Diagram Showing The Inverse Relationship Between 
Dissolved Organic Nitrogen And Nitrate Levels Over The 
Season, (from Butler et a l . l979) . 



upper l a y e r s of the s e a i s r e l a t i v e l y l a r g e ' * . F i g u r e s 1.3 

a+b, t a k e n from B r a v e n e t a l . (1984) shows c h a t i n the 

summer months a p p r o x i m a t e l y 50 to 70 p e r c e n t of the 

t o t a l d i s s o v e d n i t r o g e n i s u n i d e n t i f i e d . The a u t h o r s were 

a b l e C O i d e n t i f y a s i g n i f i c a n t f r a c t i o n of the DON as 

d i s s o l v e d f r e e amino a c i d s . A l s o t h e y c o n c l u d e d t h a t much 

of the r e m a i n i n g u n i d e n t i f i e d f r a c t i o n p r e s e n t i n the 

s p r i n g and summer was h i g h m o l e c u l a r w e i g h t m a t e r i a l and 

p r o b a b l y p r o t e i n . P a u l (1983) b e l i e v e s t h a t " p e r h a p s the 

most complex and l e a s t u n d e r s t o o d i n t e r a c t i o n s i n the 

n i t r o g e n c y c l e i n the marine e n v i r o n m e n t i n v o l v e d 

d i s s o l v e d o r g a n i c n i t r o g e n " . 

1.3 D i s s o l v e d Combined Amino A c i d s . 

Hammer & K a t n e r (1986) s t a t e t h a t p h y t o p l a n k t o n 

c o n t a i n 1 to 3 p e r c e n t n i t r o g e n of w h i c h 15 to 20 % i s 

d i s s o l v e d f r e e amino a c i d s and 70 to 90% p r o t e i n . Both the 

d i s s o l v e d combined and d i s s o l v e d f r e e amino a c i d s a r e 

d e r i v e d from the m e t a b o l i s m and d e g r a d a t i o n of the 

p a r t i c u l a t e o r g a n i c m a t t e r . The breakdown of the 

p a r t i c u l a t e m a t e r i a l i s th o u g h t t o be due t o an e n z y m a t i c 

h y d r o l y s i s by b a c t e r i a . [Daumas 1976, Bada & Lee 1977, 

Amano e t a l . 1982, H o l l i b a u g h & Azam 1983, Azam e t a l . 

1983, L a n c e l o t & B i l l e n 1984, Hagstrom e t a l . 1984, 

B a u e r f u n d 1985, Furhman & F e r g e s o n 1986, K i r c h a m e t a l . 

1 9 8 6 ] , F i g . 1.4 redrawn from Daumas 1976 i l l u s t r a t e s t he 

s o u r c e s and s i n k s of t h e d i s s o l v e d combined amino a c i d s 

i n the marine e n v i r o n m e n t . W h i l e f i g . 1.5 r e d r a w n from 

Duursma 1965 shows che breakdown p r o d u c e s of p r o c e i n s . 
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H o l l i b a u g h & Azam (1983) added a known p r o t e i n , 

b o v i n e serum a l b u m i n w h i c h has a m o l e c u l a r w e i g h t of 

a p p r o x i m a t e l y 68,000, to s e a w a t e r . The p r o t e i n was 

degraded a t a r a t e of 4% per hour w i t h a maximum r a t e of 

15% per hour a t n i n e h o u r s . U s i n g g e l f i l t r a t i o n 

chromatography the a u t h o r s showed t h a t p e p t i d e s of 

i n t e r m e d i a t e s i z e between 68,000 and 700 m o l e c u l a r w e i g h t 

d i d not a c c u m u l a t e i n the medium. I t was a l s o c o n c l u d e d 

t h a t the d i s s o l v e d combined and d i s s o l v e d f r e e amino 

a c i d s d e r i v e d from p r o t e i n h y d r o l y s i s f o l l o w i n d e p e d e n t 

pathways. 

The d i s s o l v e d combined amino a c i d s p r e s e n t i n t h e 

m a r i n e e n v i r o n m e n t i s e n v i s a g e d as c o n t a i n i n g p r o t e i n s 

p e p t i d e s , and n i t r o g e n compounds bound i n o t h e r forms. 

Lee (1988) . 

D i s s o l v e d combined amino a c i d s c o m p o s i t i o n and 

l e v e l s i n s e a w a t e r have been d e t e r m i n e d s i n c e t h e 1960*s. 

[ P a r k s e t a l . 1963, Degens e t a l . 1964, S e i g e l & Degens 

1966, R i l e y & S e g a r 1970, Lee & Bada 1975, Daumas 1975, 

Lee & Bada 1977, Bada e t a l . 1982, B o l t e r & Dawson 1982, 

H e n r i c h s & W i l l i a m s 1985, Thurman 1986, Mopper & 2 i k a 

1 9 8 7 ] . The most common h y d r o l y s i s method employed has 

been to r e f l u x s e a w a t e r w i t h 6M h y d r o c h l o r i c a c i d a t 

a t m o s p h e r i c p r e s s u r e . A l l methods u s e d a c o n c e n t r a t i o n 

s t e p . The more s t a g e s t h e r e a r e t o an a n a l y s i s t h e more 

change t h e r e i s of i n t r o d u c i n g a c o n t a m i n a n t . Most 

a n a l y s e s employed the i o n o r l i g a n d e x change t e c h n i q u e s 

d i s c u s s e d i n s e c t i o n 1.4 to i d e n t i f y t h e f r e e a c i d s . The 

l e v e l s f o r the d i s s o l v e d combined amino a c i d s found by 

p r e v i o u s w o r k e r s r a n g e from 0.40 to 4.534 uM. 

6 



1.4 D i s s o l v e d F r e e Amino A c i d s . 

F l y n n & B u t l e r '{1986) s t a t e t h a t " t h e d i s s o l v e d f r e e 

amino a c i d s a r e p r o d u c t s of p r o t e i n h y d r o l y s i s by 

b a c t e r i a l p r o t e a s e s and may a l s o be r e l e a s e d by h e a l t h y 

a s w e l l as s e n e s c e n t p h y t o p l a n k t o n T h e r e i s a l s o 

r e l e a s e of amino a c i d s from i n v e r t e b r a t e s " . K e l l e r e t a l . 

(1982) g i v e s t h e s o u r c e s of d i s s o l v e d f r e e amino a c i d s a s 

p h y t o p l a n k t o n r e l e a s e , z o o p l a n k t o n and m a c r o a l g a e . W h i l e 

Lee (1988) d i s c u s s i n g p a r t i c u l a t e amino a c i d s c o n s i d e r s 

the major s o u r c e t o be " t h e f o r m a t i o n of p h y t o p l a n k t o n 

biomass by p h o t o s y n t h e t i c p r o c e s s e s i n t h e e u p h o t i c 

zone". F i g . 1.6 t a k e n from D o o l i t t l e (1985) g i v e s t h e 

s t r u c t u r e s , s i z e , p o l a r i t i e s and commonly u s e d 

a b b r e v i a t i o n s f o r the 20 amino a c i d s o c c u r i n g i n 

p r o t e i n s . Marine chem.ists a r e a l s o i n t e r e s t e d i n 

n o n - p r o t e i n amino a c i d s s u c h a s o r n i t h i n e (Orn) w h i c h i s 

a d e c o m p o s i t i o n p r o d u c t of a r g i n i n e . 

Lee 1988 s t a t e s t h a t " i n b o t h s e a w a t e r and s e d i m e n t s 

th e major mechanism f o r t h e l o s s of amino compounds i s 

h e t e r o t r o p h i c d e c o m p o s i t i o n by m i c r o b e s , z o o p l a n k t o n o r 

b e n t h i c m a c r o - o r g a n i s m s " . W h i l e D r i n g (1982) w r i t e s t h a t 

" r e c e n t s t u d i e s have shown amino a c i d s t o s u p p o r t t h e 

growth of most m a r i n e a l g a e t e s t e d " . T h e r e f o r e t h e 

u p t a k e of the d i s s o l v e d f r e e amino a c i d s , w h i c h a r e p a r t 

of t h e d i s s o l v e d o r g a n i c n i t r o g e n , by p h y t o p l a n k t o n and 

h e t e r o t r o p h s i s w e l l documented. [ H e l l e b u s t & G u i l l a r d 

1967, W i l l i a m s & G r a y 1970, W i l l i a m s 1970, Andrews & 

W i l l i a m s 1971, C r a w f o r d e t a l . 1974, L i u & H e e l e b u s t 
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1974, S c h e l l 1974, Wheeler ec a l . 1974, McCarthy ec a l . 

1977, F i s h e r & C a w d e l l 1982, Lu & S t e p h e n s 1984, A d m i r a a l 

e t a l . 1984, Ming & S t e p h e n s , 1985, P r i c e e c a l . 1985, 

A d m i r a a l e t a l . 1986, C a r l u c c i e t a l . 1986 a+b, F l y n n e t 

a l . 1986 a+b, S y r e t t e t a l . 1986, V i e i r a & K l a v e n e s s 

1986, Wheeler & K i r c h a m 1 9 8 6 ] . 

D i s s o l v e d f r e e amino a c i d a n a l y s e s of m a r i n e samples 

have been c a r r i e d out s i n c e t h e 1 9 6 0 ' s . [ T a t s u m o t o e t a l . 

1961, P a r k s e t a l . 1963, Degens e t a l . 1964, Chau & R i l e y 

1966, S i e g e l & Degens 1966, R i l e y & S e g ar 1970, B o h l i n g 

1970, Andrews and W i l l i a m s 1971, Kawahara & M a l t a 1971, 

N orth 1975, Daumas 1976, J o s e f s s o n e t a l . 1977, Lee & 

Bada 1 9 7 7 ] . The e a r l y methods of d i s s o l v e d f r e e amino 

a c i d a n a l y s i s r e q u i r e d a c o n c e n t r a t i o n s t e p to t h e 

e n s u r e t h a t the a n a l y t e was p r e s e n t i n a s u f f i c i e n t 

q u a n t i t y to produce a v i s i b l e c o l o u r w i t h t h e n i n h y d r i n 

used to d e t e c t the compounds. The d e s a l t i n g t e c h n i q u e 

u s e d by e a r l y w o r k e r s was a v e r y l e n g t h y p r o c e s s t a k i n g 

a p p r o x i m a t e l y two d a y s ; however, due to t h e l a b i l e n a t u r e 

of d i s s o l v e d f r e e amino a c i d s , a s h o r t a n a l y s i s time i s 

d e s i r a b l e . T h e r e f o r e the a c c u r a c y of some of t h e e a r l i e r 

d a t a has been q u e s t i o n e d due to the work of Dawson & 

Gocke ( 1 9 7 8 ) , Dawson & Mopper ( 1 9 7 8 ) , and G a r r a s i e t 

a l . ( 1 9 7 9 ) . T h e s e w o r k e r s d e m o n s t r a t e d t h a t the i o n 

exchange t e c h n i q u e gave an o v e r e s t i m a t i o n of t h e 

d i s s o l v e d f r e e amino a c i d s w h i l e the l i g a n d exchange 

method gave an u n d e r e s t i m a t i o n . 

Another f a c t o r c r i t i c a l i n the a n a l y s i s of t r a c e 

o r g a n i c s i n s e a w a t e r i s to p r e c l u d e t h e p o s s i b i l i t y of 

sample c o n t a m i n a t i o n from s u c h s o u r c e s as f i n g e r p r i n t s 
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and d u s t . ( H a m i l t o n 1 9 6 5 ) . 

The problems of the a n a l y t i c a l t e c h n i q u e were 

l a r g e l y overcome by the work of L i n d r o t h & Mopper 1979, 

w h i c h u s e d a f l u o r e s c e n t amino a c i d d e r i v a t i v e w i t h much 

lower l i m i t s of d e t e c t i o n t h a n t h e n i n h y d r i n method. T h i s 

meant t h a t t h e r e was no l o n g e r any need to c o n c e n t r a t e 

t h e e n v i r o n m e n t a l s a m p l e s . The d e r i v a t i v e s were s e p a r a t e d 

u s i n g r e v e r s e phase l i q u i d c h romatography. Some of t h e 

w o r k e r s who have p u b l i s h e d d a t a f o r the d i s s o l v e d f r e e 

amino a c i d l e v e l s u s i n g t e c h n i q u e s based on L i n d r o t h and 

Mopper a r e B o l t e r & Dawson ( 1 9 8 2 ) , K e l l e r e t a l . ( 1 9 8 2 ) , 

I t t e k o t ( 1 9 8 2 ) , Mopper & L i n d r o t h ( 1 9 8 2 ) , P o u l e t e t a l . 

( 1 9 8 4 ) , B r a v e n e t a l . ( 1 9 8 4 ) , J o r g e n s o n & S o n d e r g a a r d 

(1984) , H e n r i c h s & W i l l i a m s ( 1 9 8 5 ) , E b e r l e i n e t a l . 

(1985) , L i e b e z e i t ( 1 9 8 5 ) , Hammer & K a t t i r ( 1 9 8 6 ) , Furham 

& F e r g u s o n ( 1 9 8 6 ) , W i l l i a m & P o u l e t ( 1 9 8 6 ) . T h e s e w o r k e r s 

r e p o r t d i s s o l v e d f r e e amino a c i d v a l u e s r a n g i n g from 

below the l i m i t s of d e t e c t i o n of the method to 3.7 uM. 

T h e s e a n a l y s e s showed t h a t many of the f r e e a c i d s 

were not p r e s e n t i n the s e a w a t e r . However, t h e ambient 

c o n c e n t r a t i o n of a compound c a n n o t be t a k e n a s an 

i n d i c a t i o n of i t s i m p o r t a n c e . ( F l y n n & B u t l e r 1 9 8 6 ) . A 

compound a b s e n t from t h e w a t e r o r p r e s e n t a t a low 

c o n c e n t r a t i o n s u p p o r t s two c o n t r a s t i n g arguments. 

D i s s o l v e d c o n s t i t u e n t s may be p r e s e n t a t low 

c o n c e n t r a t i o n s b e c a u s e of t h e u p t a k e by the b i o t a , o r , 

a l t e r n a t i v e l y , t h e y o c c u r n a t u r a l l y a t the low 

c o n c e n t r a t i o n s . I t i s t h e r e f o r e not che ambient 

c o n c e n t r a t i o n , but t h e f l u x w h i c h i s an i n d i c a t o r of a 

compounds i m p o r t a n c e as a n u t r i e n t s o u r c e . Amano e t a l . 
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(1982) p o i n t out t h a t the main f a c t o r t h a t d e t e r m i n e s t h e 

d i s s o l v e d f r e e amino a c i d c o m p o s i t i o n of s e a w a t e r has not 

y e t been e x p l a i n e d , 

1.5 Aims of the R e s e a r c h . 

The c o n t r o v e r s y s u r r o u n d i n g t h e c o n t r o l o f p r i m a r y 

p r o d u c t i v i t y i n the o c e a n s has been d i s c u s s e d e a r l i e r 

( s e c t i o n 1 . 1 ) . B r a v e n e t a l . (1984) shows t h a t t h e r e i s 

s t i l l a l a r g e f r a c t i o n of the DON w h i c h i s u n i d e n t i f i e d 

and w h i c h i s of a l a r g e m o l e c u l a r w e i g h t . Without a 

knowledge of the n a t u r e of t h i s m a t e r i a l i t i s d i f f i c u l t 

to q u a n t i f y the use of DON a s a p o t e n t i a l n u t r i e n t 

s o u r c e . D e t e r m i n a t i o n of t h e d i s s o l v e d combined and 

d i s s o l v e d f r e e amino a c i d s i n s e a w a t e r would a l l o w a 

c o m p a r i s o n of b o t h t h e l e v e l s and c o m p o s i t i o n of t h e s e 

f r a c t i o n s w h i c h may answer t h e key q u e s t i o n a s to t h e 

f l u x of the a c i d s and t h e r e f o r e t h e i r i m p o r t a n c e as a 

n u t r i e n t s o u r c e i n t h e n a t u r a l m a r i n e e n v i r o n m e n t . 

T h e r e f o r e the aim of the r e s e a r c h p r o j e c t i s to d e v e l o p 

a n a l y t i c a l methods f o r the r e l i a b l e d e t e c t i o n and 

d e t e r m i n a t i o n of d i s s o l v e d n i t r o g e n c o n t a i n i n g 

m a c r o m o l e c u l e s i n s e a w a t e r w i t h p a r t i c u l a r r e f e r e n c e to 

p r o t e i n s . The i n v e s t i g a t i o n of t h e n a t u r e of t h e n i t r o g e n 

c o n t a i n i n g m a c r o m o l e c u l e s , ( i . e . t h e d i s s o l v e d combined 

amino a c i d s ) , w i l l i n c 3 u d e a d e t e r m i n a t i o n of the l e v e l s 

and c o m p o s i t i o n of the combined and f r e e amino a c i d 

f r a c t i o n to a l l o w the f l u x of i n d i v i d u a l a c i d s to be 

d e t e r m i n e d . The s i z e of the m a c r o m o l e c u l a r s p e c i e s w i l l 

be i n v e s t i g a t e d . L a r g e m o l e c u l e s a r e u n l i k e l y to be u s e d 
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d i r e c t l y , however s m a l l p e p t i d e s may be t a k e n up. 

T h e r e f o r e a knowledge of t h e s i z e of the n i t r o g e n 

c o n t a i n i n g s p e c i e s may i n d i c a t e how e a s i l y i t c a n be used 

as a n u t r i e n t s o u r c e . The r e l a t i o n s h i p of t h e t o t a l 

d i s s o l v e d amino a c i d s i . e . combined p l u s f r e e to the 

t o t a l d i s s o l v e d n i t r o g e n and d i s s o l v e d o r g a n i c n i t r o g e n 

w i l l be i n v e s t i g a t e d . 

T h e r e f o r e the methods d e v e l o p e d i n t h i s s t u d y , 

t o g e t h e r w i t h e s t a b l i s h e d methods, w i l l oe u s e d to 

u n d e r t a k e a s e a s o n a l s t u d y of the c o a s t a l w a t e r s of the 

E n g l i s h C h a n n e l i n o r d e r to i n c r e a s e the knowledge of the 

n a t u r e and r o l e of d i s s o l v e d o r g a n i c n i t r o g e n compounds 

i n s e a w a t e r . 
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CHAPTER 2. 

AMINO ACID ANALYSIS. 

2.1 I n t r o d u c t i o n . 

The a n a l y s i s of amino a c i d s i n s e a w a t e r has been 

c a r r i e d out s i n c e the 1960's, f o l l o w i n g the development 

of the amino a c i d a n a l y s e r by Spackman e t a l . ( 1 9 5 8 ) . T h i s 

method used i o n exchange chromatography f o r s e p a r a t i o n of 

the amino a c i d s , f o l l o w e d by p o s t column r e a c t i o n w i t h 

n i n h y d r i n f o r d e t e c t i o n . Due to t h e l a c k of s e n s i t i v i t y 

of t h e n i n h y d r i n d e t e c t i o n method, a t t h e v e r y low 

c o n c e n t r a t i o n s of t h e s e compounds i n s e a w a t e r , e a r l y 

methods r e q u i r e d a c o n c e n t r a t i o n s t e p t o e n a b l e the 

a n a l y t e to be measured. Tatsomoto e t a l . ( 1 9 6 1 ) , P a r k s 

e t a l . ( 1 9 6 3 ) , and Chau & R i l e y (1966) used 

c o - p r e c i p i t a t i o n of o r g a n i c compounds w i t h f e r r i c 

h y d r o x i d e to p r e c o n c e n t r a t e . L a t e r w o r k e r s e.g. R i l e y & 

S e g ar ( 1 9 7 0 ) , B o h l i n g ( 1 9 7 0 ) , Daumas ( 1 9 7 6 ) , Lee & Bada 

( 1 9 7 7 ) , Dawson & P r i t c h a r d (1978) u s e d i o n o r l i g a n d 

exchange t e c h n i q u e s f o r i s o l a t i o n of amino a c i d s , i . e . 

d e s a l t i n g and e n r i c h m e n t , p r i o r to a n a l y s i s . 

The a c c u r a c y of some of t h i s e a r l i e r d a t a , i s 

however, i n some doubt. Thus Dawson & Gocke ( 1 9 7 8 ) , 

Dawson & Mopper (1978) and G a r r a s i (1979) d e m o n s t r a t e d 

t h a t the i o n exchange t e c h n i q u e l e a d s to an o v e r 

e s t i m a t i o n of f r e e a.mino a c i d s ; w h i l e t h e l i g a n d 

exchange t e c h n i q u e of d e s a l t i n g and e n r i c h m e n t p r o d u c e s 

an u n d e r e s t i m a t i o n of the d i s s o l v e d f r e e amino a c i d s . 
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The work of H a m i l t o n (1965) e m p h a s i z e s t h e p r o b l e m s of 

c o n t a m i n a t i o n of the sample i n amino a c i d a n a l y s i s from 

s u c h s o u r c e s as f i n g e r p r i n t s . 

The problem of l o s s e s and c o n t a m i n a t i o n 

o u t l i n e d above was l a r g e l y overcome by E v e n s e t a l . 

(1982) u s i n g an HPLC method b a s e d on t h e work o f L i n d r o t h 

and Mopper (1979) . 

The p r e s e n t i n v e s t i g a t i o n was b a s e d upon the amino 

a c i d a n a l y s i s method of E v e n s e t a l . (1982) which 

c o n s i s t s of the f o l l o w i n g s t e p s ; 

1. Precolumn d e r i v a t i z a t i o n of an amino a c i d m i x t u r e w i t h 

o r t h o - p h t h a l d i a l d e h y d e (OPA) and 2 - m e r c a p t o e t h a n o l (MCE) 

i n b o r a t e b u f f e r to produce a h i g h l y f l u o r e s c e n t 

i s o i n d o l e d e r i v a t i v e . 

2. S e p a r a t i o n of the d e r i v a t i v e s u s i n g g r a d i e n t e l u t i o n 

r e v e r s e phase h i g h p e r f o r m a n c e l i q u i d chromatography 

(phosphate b u f f e r and a c e t o n i t r i l e a s m o b i l e p h a s e s ) . 

3. F l u o r e s c e n c e d e t e c t i o n . 

The f o l l o w i n g s e c t i o n g i v e s a b r i e f o u t l i n e of the 

t h e o r y b e h i n d the a n a l y s i s e.g. t h e d e r i v a t i z a t i o n of 

the amino a c i d s , minor m o d i f i c a t i o n s made to t h e method 

d u r i n g the c u r r e n t s t u d y , t h e c r i t e r i a d e f i n i n g the 

a n a l y t i c a l method s u c h a s l i n e a r i t y , l i m i t s of d e t e c t i o n , 

p r e c i s i o n and a c c u r a c y . F i n a l l y t h e s t o r a g e and 

f i l t r a t i o n of e n v i r o n m e n t a l s a m p l e s a r e d i s c u s s e d . 
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2.1.1 The D e r i v a t i z a t i o n P r o c e s s . 

O r t h o - p h t h a l d i a l d e h y d e d e r i v a t i s a t i o n i s b a s e d on 

the work of Roth (1971) and Roth & Hampai ( 1 9 7 3 ) . The 

amino a c i d s a r e d e r i v a t i z e d w i t h o r t h o - p h t h a l d i a d e h y d e i n 

the p r e s e n c e of the r e d u c i n g a g e n t , 2 - m e r c a p t o e t h a n o l , 

f o r m i n g a f l u o r e s c e n t p r o d u c t . The r e a c t i o n d e t a i l s and 

the n a t u r e of the a d d u c t formed were d e t e r m i n e d by Simons 

&. Johnson ( 1 9 7 3 ) . The r e a c t i o n scheme a r e g i v e n i n F i g . 

2.1 

2.1.2 S e p a r a t i o n T e c h n i q u e . 

The s e p a r a t i o n of the m i x t u r e of d e r i v a t i z e d amino 

a c i d s i s a c c o m p l i s h e d u s i n g g r a d i e n t e l u t i o n , r e v e r s e 

phase l i q u i d chromatography. The c h r o m a t o g r a p h i c column 

c o n s i s t s of a C-18 h y d r o c a r b o n c o v a l e n t l y bonded to a 

s i l i c a s u p p o r t . The m o b i l e e l u t i n g phase c o n s i s t s of a 

m i x t u r e of an o r g a n i c s o l v e n t and an aqueous b u f f e r . 

D i f f e r e n t amino a c i d s a r e s e p a r a t e d a c c o r d i n g to t h e i r 

d i s t r i b u t i o n s between the m o b i l e e l u t i n g p h a s e and t h e 

s t a t i o n a r y p h a s e . I f t h e f l u o r e s c e n t a d d u c t i s 

d i s t r i b u t e d p r e d o m i n a n t l y i n the m o b i l e phase i t w i l l be 

r a p i d l y e l u t e d , m o l e c u l e s d i s t r i b u t e d m a i n l y i n t h e 

s t a t i o n a r y phase w i l l have l o n g e r e l u t i o n t i m e s . The 

l e n g t h of time s p e n t on t h e column, f o r a s t r o n g l y h e l d 

amino a c i d d e r i v a t i v e , c a n be d e c r e a s e d by a p r o c e s s 

known as g r a d i e n t e l u t i o n . Here, t h e p e r c e n t a g e p o l a r 

b u f f e r c o n t e n t i s r e d u c e d o v e r time and i s r e p l a c e d w i t h 
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a l e s s p o l a r o r g a n i c p h a s e . The g r a d i e n t c o m p o s i t i o n s 

used i n t h i s s t u d y a r e d e t a i l e d i n s e c t i o n 2.1.3. Once 

the amino a c i d d e r i v a t i v e has been e l u t e d from the column 

i t p a s s e s to a f l u o r e s c e n c e d e t e c t o r . F i g . 2.2 shows a 

s c h e m a t i c d i a g r a m of the c h r o m a t o g r a p h i c s y s t e m u s e d . 

2.1.3 M o d i f i c a t i o n s to the Method of E v e n s e t a l . 1982. 

The amino a c i d s were d e r i v a t i z e d and s e p a r a t e d u s i n g t h e 

method of Even s e t a l . {1982) w i t h the f o l l o w i n g 

m o d i f i c a t i o n s . 

1. P r e v i o u s l y , the bor a x s o l u t i o n , used i n t h e 

o r t h o - p h t h a l d i a l d e h y d e r e a g e n t , was p r e p a r e d by 

t i t r a t i n g b o r i c a c i d {0.4M) w i t h sodium h y d r o x i d e to a 

pH of 9,5. D u r i n g the i n i t i a l s t a g e s of t h i s s t u d y i t was 

found t h a t m a i n t a i n i n g t h e g l a s s e l e c t r o d e i n a 

s u f f i c i e n t l y c l e a n c o n d i t i o n t o produce amino a c i d f r e e 

r e a g e n t b l a n k s was a problem. T h e r e f o r e , c o m m e r c i a l l y 

p roduced sodium b o r a t e was p u r c h a s e d and the b u f f e r made 

up d i r e c t l y a s f o l l o w s : 

3.81g of sodium t e t r a b o r a t e (Na2B^O7 .lOHzO) was d i s s o l v e d 

and made up to 100 cm^ w i t h p u r e w a t e r . T h i s gave a 0.1 

M s o l u t i o n of sodium t e t r a b o r a t e of pH 9.6. ( B r i t t o n 

1955) . 

2. P r e v i o u s l y , the o r t h o - p h t h a l d i a l d h y d e r e a g e n t was 

p r e p a r e d by d i s s o l v i n g 135 mg of OPA i n 5 cm^ HPLC g r a d e 

15 



m e t h a n o l , a d d i n g 100 mm̂  of 2 - m e r c a p t o e t h a n o l (MCE) and 

making up to a f i n a l volume o f 25 cm^ w i t h b o r a t e b u f f e r 

(pH9.5). The r e a g e n t was t h e n k e p t w i t h o u t r e f r i g e r a t i o n 

i n g l a s s . T h i s p r o c e s s was a l t e r e d a s f o l l o w s : 

The 135 mg o f OPA p l u s 5 cm^ of HPLC g r a d e m e t h a n o l was 

made up t o 25 cm^ w i t h b o r a x s o l u t i o n {pH9.6), and t h e 

s o l u t i o n was th e n kept r e f r i g e r a t e d . When t h e r e a g e n t 

was r e q u i r e d 2 cm^ of the above s o l u t i o n was removed and 

10 mm̂  of 2 - m e r c a p t o e t h a n o l added t o i t . T h i s r e a g e n t was 

the n k e p t u n r e f r i g e r a t e d and u s e d the same day. 

3. The g r a d i e n t was a l t e r e d from t h a t p u b l i s h e d i n E v e n s 

e t a l . 1982, i n o r d e r t o i n c r e a s e t h e r e s o l u t i o n of 

g l y c i n e , t h r e o n i n e and a r g i n i n e ( E v e n s 1 9 8 6 ) . A t a b l e o f 

the g r a d i e n t e l u t i o n s y s t e m employed i s shown below: 

T a b l e 2.1 The G r a d i e n t E l u t i o n Programme Used F o r Amino 
A c i d S e p a r a t i o n . 

Time % 0.IM P h o s p h a t e % A c e t o n i t r i l e . C u r v e 
(min) b u f f e r . Pump A Pump B. 

I n i t i a l 97 3 
6 93 7 7 

18 91 9 8 
24 80 20 7 
33 80 20 6 
36 78 18 6 
38 67 33 8 
42 67 33 6 

The s l o p e of t h e change c a n be convex, c o n c a v e or l i n e a r 
d e p e n d i n g on t h e c u r v e number d e f i n e d i n the method. An 
e x p l a n a t i o n o f t h e c u r v e s and t h e i r r e s p e c t i v e numbers 
can be found i n t h e Waters Sy s t e m C o n t r o l l e r manual. 

4. The W a t e r s 420-C f l u o r e s c e n c e d e t e c t o r was m o d i f i e d t o 

t h e more s e n s i t i v e 420-AC v e r s i o n by t h e r e p l a c e m e n t of a 

c i r c u i t b o a r d . 
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F u l l e x p e r i m . e n t a l d e t a i l of t h e method u s e d f o r 

amino a c i d a n a l y s i s d u r i n g t h i s s t u d y i s d e t a i l e d i n t h e 

f o l l o w i n g s e c t i o n . The p r e p a r a t i o n o f the b o r a t e b u f f e r 

has a l r e a d y been d e s c r i b e d above. A l l c h e m i c a l s were of 

the p u r e s t g r a d e o b t a i n a b l e and were p u r c h a s e d from 

B.D.H. L t d P o o l e . U.K. M i l l i Q w a t e r was u s e d to p r e p a r e 

a l l s o l u t i o n s . 

P h o s p h a t e b u f f e r was p r e p a r e d by d i s s o l v i n g 15.6g of 

sodium d i h y d r o g e n p h o s p h a t e (NaHz PO-4 . 2 H 2 O, O.IM), and 

35.8g of d i s o d i u m hydrogen p h o s p h a t e ( N a 2 HPO4 . 1 2 H 2 O 

O.IM), i n 2 1 of w a t e r , p r o d u c i n g a b u f f e r of pH 6.9. 

The b o r i c a c i d s o l u t i o n u s e d t o quench t h e 

d e r i v a t i z a t i o n r e a c t i o n was p r e p a r e d by d i s s o l v i n g 2.48g 

of b o r i c a c i d { H 3 B 0 3 ) i n 100 cm^ of w a t e r . 

O r t h o - p h t h a l d i a l d e h y d e (OPA) d e r i v a t i z i n g r e a g e n t 

was p r e p a r e d by d i s s o l v i n g 135mg c f OPA i n Scm^ of HPLC 

grade methanol and t h e s o l u t i o n was t h e n made up to 25cm^ 

w i t h b o r a t e b u f f e r (pH 9 . 6 ) ; t h i s s t o c k s o l u t i o n was 

s t o r e d i n a r e f r i g e r a t o r . When th e r e a g e n t was r e q u i r e d , 

2cm3 of t h e s t o c k s o l u t i o n was removed and 100 mm̂  of 

m e r c a p t o e t h a n o l (MCE) was added t o i t . The OPA p l u s MCE 

s o l u t i o n was d i s c a r d e d a f t e r one d a y s work. 

To q u a n t i f y t h e amino a c i d s i n s e a w a t e r a 

c a l i b r a t i o n t a b l e was c r e a t e d by a n a l y s i n g an amino a c i d 

m i x t u r e c o n t a i n i n g known amounts of amino a c i d s . ( s e e 

s e c t i o n 2 . 8 ) . A l p h a amino a d i p i c a c i d , ( i n t e r n a l s t a n d a r d ) 

and t h e amino a c i d c a l i b r a t i o n m i x t u r e were p r e p a r e d a s 

1x10-^M s t o c k s o l u t i o n s . ( T h e s e were made up w e e k l y and 

k e p t r e f r i g e r a t e d ) . I m m e d i a t e l y p r i o r t o u s e t h e 
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m i l l i m o l a r s t o c k s o l u t i o n s w e r e d i l u t e d t o g i v e a 1x10" 

a l p h a a m i n o a d i p i c a c i d s o l u t i o n a nd a 4 x 1 0 * a m i n o a c i d 

c a l i b r a t i o n m i x r u r e . The p r o c e d u r e f o r t h e a n a l y s i s o f 

s t a n d a r d s o l u t i o n s and sea w a t e r s a m p l e s was as f o l l o w s : 

C a l i b r a t i o n a n a l y s i s . 

40 mm̂  o f I x l O * ' M a l p h a a m i n o a d i p i c a c i d was 

p i p e t t e d i n t o a 5 cm^ c o n i c a l f l a s k , t o t h i s was a d d e d 

100 mm3 o f t h e 4 x 1 0 - a m i n o a c i d c a l i b r a t i o n m i x t u r e and 

t h e n 360 mm̂  o f M i l l i Q w a t e r w e r e a d d e d t o b r i n g t h e 

v o l u m e up t o 500 mm̂  , f i n a l l y 100 mm̂  o f t h e 

d e r i v a t i z i n g r e a g e n t was a d d e d t o t h e f l a s k . A f t e r 

e x a c t l y 2 m i n u t e s t h e r e a c t i o n was q u e n c h e d by a d d i n g 

300 mm3 o f t h e b o r i c a c i d s o l u t i o n , a f t e r w h i c h 75 mm̂  o f 

t h i s r e a c t e d s o l u t i o n was i n j e c t e d i n t o t h e a m i n o a c i d 

a n a l y s e r . 

Sea w a t e r s a m p l e a n a l y s i s . 

The p r o c e s s d e s c r i b e d a b o v e f o r t h e a m i n o a c i d 

s t a n d a r d s was r e p e a t e d f o r t h e sea w a t e r s a m p l e s , e x c e p t 

t h a t 20 mm̂  o f a l p h a a m ino a d i p i c a c i d was u s e d i n s t e a d 

o f 40 mm3 and 480 mm̂  o f sea w a t e r r e p l a c e s t h e 460 mm̂  

o f a m i n o a c i d and w a t e r m i x t u r e . The i n j e c t i o n v o l u m e f o r 

d e r i v a t i z e d sea w a t e r was 150 u l . 

The a c e t o n i t r i l e u s e d i n t h e g r a d i e n t e l u t i o n 

s e p a r a t i o n o f t h e amino a c i d m i x t u r e s was d e g a s s e d b y 

vacuum f i l t r a t i o n u s i n g a 0.45 urn M i l l i p o r e PTFE f i l t e r . 

The p h o s p h a t e b u f f e r was d e g a s s e d i n t h e same way u s i n g 
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0.45um M i l l i p o r e HA t y p e f i l t e r was u s e d . 

2 . 2 C o n t a m i n a t i o n . 

The r e a g e n t b l a n k s f o r t h e a n a l y s i s o f a m i n o a c i d s , 

u s i n g t h e m e t h o d g i v e n a b o v e , w e r e c o n s i s t e n t l y b e l o w 

t h e l i m i t s o f d e t e c t i o n o f t h e m e t h o d . F i g . 2.3 shows a 

t y p i c a l r e a g e n t b l a n k c o n t a i n i n g t h e i n t e r n a l s t a n d a r d , 

a m i no a d i p i c a c i d ( A d i ) . 

A n o t h e r s o u r c e o f c o n t a m i n a t i o n i s t h e i n a d e q u a t e 

w a s h i n g o f t h e c h r o m a t o g r a p h i c c o l u m n . I f t h e c o l u m n i s 

n o t washed, as d e s c r i b e d b e l o w , t h e n random p e a k s o c c u r 

i n t h e c h r o m a t o g r a m w h i c h may be s p u r i o u s l y i d e n t i f i e d as 

amino a c i d s . To wash t h e c o l u m n a f t e r u s e , 100 cm^ o f 

w a t e r i s r u n t h r o u g h t h e c o l u m n , f o l l o w e d by 50 cm^ o f a 

50:50 m e t h a n o l / M i l l i Q w a t e r m i x . The c o l u m n i s t h e n 

s t o r e d o v e r n i g h t i n m e t h a n o l / w a t e r . B e f o r e a n a l y s i s 

b e g i n s t h e m e t h a n o l / w a t e r i s r e m o v e d by f l u s h i n g w i t h 100 

cm^ o f M i l l i Q w a t e r . Then 30 cm^ o f a c e t o n i t r i l e i s 

pumped t h r o u g h t h e c o l u m n f o l l o w e d by 50 cm^ o f w a t e r . 

The c o l u m n i s t h e n r e a d y f o r c o n d i t i o n i n g i n t h e b u f f e r s 

u s e d f o r a n a l y s i s . 

2.3 E l u t i o n O r d e r . 

The e l u t i o n o r d e r o f t h e amino a c i d s r o u t i n e l y 

i d e n t i f i e d i n s e a w a t e r s a m p l e s a r e g i v e n i n T a b l e 2.2. 

t o g e t h e r w i t h a r e t e n t i o n t i m e and i t s v a r i a b i l i t y 

e x p r e s s e d as t h e c o e f f i c i e n t o f v a r i a t i o n ( C V ) . Peak 

i d e n t i f i c a t i o n was by c o i n j e c t i o n w i t h s t a n d a r d s . 
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T a b l e 2.2. E l u c i o n O r d e r Of The Amino A c i d s E x p r e s s e d As 
R e t e n t i o n T i m e . (The v a r i a b i l i t y o f t h e r e t e n t i o n t i m e 
i s g i v e n by t h e c o - e f f i c i e n t o f v a r i a t i o n , CV, n=4.) 

Amino a c i d R e t e n t i o n 
Ti.Tie ( m i n 

c v 

Asp 2.79 0.5 
G l u 5.37 0.7 
A d i 9.06 0.4 
Ser 10.22 0 . 4 
H i s 11.90 0 . 4 
G l y 16 . 86 0.7 
T h r 18 . 49 0 . 2 
A r g 21.18 0.5 
A l a 23.79 0 .04 
T y r 25.86 0.02 
Abu 26.28 0 . 06 
V a l 28.71 0.2 
Met 29.14 0.2 
T r p / I l e 35.71 0.2 
Phe 36 . 48 0.2 
Leu 37 . 55 0.3 
O r n 40.59 0.1 
Lys 41 . 06 0.1 

I t s h o u l d be n o t e d t h a t r e t e n t i o n t i m e s o f t h e a c i d s w i l l 
v a r y s l i g h t l y , f r o m c o l u m n t o c o l u m n , and w i t h c o l u m n 
wear. T h e r e f o r e , r e g u l a r c a l i b r a t i o n i s . n e c e s s a r y t o 
e n s u r e a c c u r a t e i d e n t i f i c a t i o n o f t h e a m ino a c i d s . 

T r y p t o p h a n and I s o l e u c i n e c o - e l u t e b u t c a n be 

s e p a r a t e d b y r a i s i n g t h e c o l u m n t e m p e r a t u r e t o 

a p p r o x i m a t e l y 30* C u s i n g a w a t e r b a t h a n d c o l u m n 

j a c k e t . M a i n t a i n i n g an e a s y - t o - u s e , c l e a n s y s t e m f o r t h e 

j a c k e t was a p r o b l e m due t o a l g a l g r o w t h . As T r y p t o p h a n 

and I s o l e u c i n e w e r e f o u n d t o be m i n o r c o n s t i t u e n t s o f t h e 

f r e e and c o m b i n e d f r a c t i o n , a d e c r e a s e i n t h e p o s s i b i l i t y 

o f c o n t a m i n a t i o n was c o n s i d e r e d o f more b e n e f i t t h a n 

r e s o l u t i o n o f t h e s e a c i d s . Use o f t h e w a t e r j a c k e t was 

t e r m i n a t e d and t h e p a i r a r e r e p o r t e d t o g e t h e r . 
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2.4 L i m i t s o f D e t e c t i o n o f t h e M e t h o d . 

A d d i n g an o x i d i z i n g a g e n t t o sea w a t e r f o l l o w e d by 

e x p o s u r e t o a s t r o n g u l t r a v i o l e t (UV) l i g h t , f o r many 

h o u r s , has t h e e f f e c t o f b r e a k i n g down t h e o r g a n i c 

c o n t e n t t o i n o r g a n i c f o r m s , l e a v i n g t h e s a l t m a t r i x 

u n a f f e c t e d . T h i s U V - i r r a d i a t e d sea w a t e r was u s e d f o r 

b l a n k s and f o r p r e p a r i n g a m i no a c i d s o l u t i o n s i n a s e r i e s 

o f e x p e r i m e n t s t o f i n d t h e l i m i t s o f d e t e c t i o n (LOD). By 

u s i n g i r r a d i a t e d s e a w a t e r , as o p p o s e d t o u l t r a p u r e w a t e r , 

t h e b l a n k s e t c . were more c l o s e l y m a t c h e d t o t h e m a t r i x 

o f t h e e n v i r o n m e n t a l s a m p l e s . The LOD w e r e d e t e r m i n e d by 

r u n n i n g U V - i r r a d i a t e d b l a n k s s i x t i m e s . S t a n d a r d amounts 

o f an amino a c i d m i x t u r e w e r e t h e n a d d e d , a t i n c r e a s i n g 

l e v e l s , u n t i l a l l t h e amino a c i d s i n t h e m i x t u r e w e r e 

d e t e c t e d ( M i l l e r & M i l l e r 1 9 8 5 ) . The r e s u l t s c a n be s e e n 

b e l o w i n T a b l e 2.3. 
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T a b l e 2.3 L i m i t s Of D e t e c t i o n (LOD) I n P i c o m o l e s ( p . m o l ) 
For F r e e Amino A c i d s ( a . a . ) I n UV I r r a d i a t e d S e a w a t e r . 

a. a . LOD ( p . m o l ) . LOD ( u . 

Asp 2 0.025 
G l u 1 0.012 
Ser 4 0.050 
H i s 9 0.112 
G l y 6 0.075 
T h r 6 0.075 
A r g 6 0.075 
A l a 2 0.025 
T r y 1 0.012 
Abu 2 0.025 
V a l 1 0.012 
Met 4 0.050 
T r p / I l e 4 0.050 
Phe 6 0.075 
Leu 4 0.050 
Orn 10 0.125 
Lys 10 0.125 

2.5 S e n s i t i v i t y and L i n e a r i t y . 

H a v i n g o b t a i n e d t h e l i m i t s o f d e t e c t i o n f o r e a c h 

amino a c i d , t h e n e x t s t a g e was t o d e t e r m i n e i f t h e r a n g e 

o f c o n c e n t r a t i o n s f o u n d i n t h e e n v i r o n m e n t a l s a m p l e s 

f e l l w i t h i n t h e l i n e a r w o r k i n g r a n g e o f t h e f l u o r e s c e n c e 

m e t h o d . I n c r e a s i n g a mounts o f e a c h a m i n o a c i d were 

i n j e c t e d on t o t h e c o l u m n a n d e l u t e d . The f l u o r e s c e n c e 

d e t e c t o r was l i n k e d t o a H e w l e t t P a c k a r d 3390A r e p o r t i n g 

i n t e g r a t o r w h i c h g a v e an a r e a c o u n t f o r e a c h p e a k . The 

d a t a f o r a r e a c o u n t v e r s u s amount on t h e c o l u m n was f e d 

i n t o a s t a t i s t i c a l p r o g r a m ( M i c r o t a b ) t o a s c e r t a i n t h e 

c o r r e l a t i o n c o e f f i c i e n t ( r ) b e t w e e n them. The r v a l u e was 

t e s t e d f o r s t a t i s t i c a l s i g n i f i c a n c e u s i n g t h e s t u d e n t 

t - t e s t . A l l amino a c i d s w e r e f o u n d t o have a s i g n i f i c a n t 

c o r r e l a t i o n b e t w e e n a r e a c o u n t and amount on t h e c o l u m n . 

The r v a l u e s c a n be s e e n b e l o w i n T a b l e 2.4. 
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The s l o p e o f t h e g r a p h o f a r e a c o u n t v e r s u s amount 

on t h e c o l u m n i s a measure o f t h e s e n s i t i v i t y o f t h e 

m e t h o d . F i g . 2 . 4 t o 2.6 shows t h e s l o p e o f t h e l i n e s f o r 

t h r e e o f t h e e i g h t e e n a m ino a c i d s t e s t e d . F i g . 2 . 7 

i l l u s t r a t e s t h e d i f f e r e n c e i n s e n s i t i v i t y b e t w e e n 

a s p a r t i c a c i d and o r n i t h i n e , shown by t h e v a r y i n g s l o p e . 

The r e c i p r o c a l o f t h e s l o p e i s t h e Response F a c t o r (RF) 

programmed i n t o t h e H e w l e t t P a c k a r d i n t e g r a t o r f o r t h e 

c a l c u l a t i o n o f t h e amount o f e a c h i n d i v i d u a l a m i no a c i d 

i n an e n v i r o n m e n t a l s a m p l e . The c a l c u l a t i o n s p e r f o r m e d 

by t h e i n t e g r a t o r t o f i n d t h e amount and c o n c e n t r a t i o n o f 

i n d i v i d u a l amino a c i d s i n t h e s a m p l e s i s d i s c u s s e d 

f u r t h e r i n s e c t i o n 2.8. A t y p i c a l RF f o r e a c h amino a c i d 

c an be seen i n T a b l e 2.4. 

T a b l e 2.4 The Response F a c t o r s (RF) And P e a r s o n s 
C o r r e l a t i o n C o e f f i c i e n t ( r ) F o r The Amino A c i d s ( a . a . ) . 

a. a. RF r 

Asp 5.205x10-3 0.998 
G l u 5.502x10-3 0.999 
Ser 4.815x10-3 0.977 
H i s 1.019x10-"* 0 . 986 
G l y 7 . 4 5 2 x 1 0 - 3 0.977 
T h r 6.230x10-3 0.994 
A r g 4 . 8 0 2 x 1 0 - 3 0.991 
A l a 4.723x10-3 0.994 
T y r 4 . 9 4 9 x 1 0 - 3 0.999 
Abu 5.222x10-3 0.999 
V a l 4.347x10-3 0 . 988 
Met 4.308x10-3 0 . 995 
T r p / I l e 6.211x10-3 0.985 
Phe 5.942x10-3 0 . 999 
Leu 5.565x10-3 0.984 
Orn 3.405x10-" 0.952 
Lys 2.360x10- 0.915 

Response f a c t o r s change v e r y s l i g h t l y d u r i n g t h e 

l i f e o f a c o l u m n , and f r o m c o l u m n t o c o l u m n ; t h e y a r e 
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t h e r e f o r e - r e d e t e r m i n e d a t a p p r o p r i a t e i n t e r v a l s . 

2.6 P r e c i s i o n . 

P r e c i s i o n i s a m e a s u r e o f t h e r e p e a t a b i l i t y o f an 

a n a l y s i s . The t e c h n i q u e u s e d t o f i n d t h e p r e c i s i o n o f a 

m e t h o d i s t o make r e p e a t i n j e c t i o n s o f a s t a n d a r d a n d 

wor k o u t t h e v a r i a b l i c y o f peak h e i g h t o r a r e a . I n t h e 

p r e s e n t c a s e , p r e c i s i o n , was d e t e r m i n e d a t t h r e e 

d i f f e r e n t c o n c e n t r a t i o n l e v e l s - , a p p r o x i m a t e l y 0.038, 

0.075 and 0.25 uM, f o r e a c h a c i d . T h i s i s e q u i v a l e n t t o 

3, 6 and 20 p i c o m o l e s on t h e c o l u m n . The a r e a c o u n t s f r o m 

t h e H e w l e t t P a c k a r d i n t e g r a t o r w e r e u s e d t o c a l c u l a t e t h e 

c o e f f i c i e n t o f v a r i a t i o n ( C V ) . The r e s u l t s a r e g i v e n i n 

T a b l e 2.5. 

T a b l e 2.5. C o e f f i c i e n t Of V a r i a t i o n (CV) F o r R e p e a t 
A n a l y s e s A t 0.038, 0.075 and 0.25 (uM) L e v e l s (n=4 i n a l l 
c a s e s ) . CV= s t a n d a r d d e v i a t i o n d i v i d e d by t h e mean 
m u l t i p l i e d by 100. BLD= b e l o w t h e l i m i t s o f d e t e c t i o n . 

< CV 
a. a. 0.038 0.075 0. 

Asp 10 10 4 
G l u 12 11 13 
Ser 32 17 9 
H i s BLD BLD 16 
G l y 200 38 35 
T h r BLD 97 3 
A r g BLD 39 1 1 
A l a 78 4 4 
T y r 16 6 6 
Abu 16 15 7 
V a l 21 7 4 
Met BLD 4 1 
T p r / I l e 200 110 7 
Phe 200 90 9 
Leu 115 94 7 
Orn BLD BLD 5 
Lys BLD BLD 15 
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2.7 A c c u r a c y . 

A c c u r a c y i s a m e a s u r e o f how c l o s e t h e o b s e r v e d 

v a l u e i s t o t h e c o r r e c t v a l u e . T h e r e a r e s e v e r a l m e t h o d s 

f o r t h e d e t e r m i n a t i o n o f a c c u r a c y , i n c l u d i n g r e f e r e n c e 

s t a n d a r d s , s t a n d a r d a d d i t i o n s a n d b l i n d t e s t s . The b e s t 

m e t h o d i s t o compare t h e v a l u e g i v e n f o r a r e f e r e n c e 

s ample w i t h t h o s e d e t e c t e d by t h e m e t h o d u n d e r 

i n v e s t i g a t i o n . However, c o m m e r c i a l l y a v a i l a b l e r e f e r e n c e 

s t a n d a r d s o f amino a c i d s a r e p r e p a r e d f o r t r a d i t i o n a l 

i o n - e x c h a n g e a m i n o a c i d a n a l y s e r s and a r e s t a b i l i z e d i n 

a c i d . I t was t h e r e f o r e n o t p o s s i b l e t o u s e t h a t m e t h o d o f 

e s t a b l i s h i n g t h e a c c u r a c y o f t h e a n a l y s i s i n t h i s p r e s e n t 

s t u d y . T h e r e f o r e t w o d i f f e r e n t m e t h o d s w e r e e m p l o y e d i . e . 

s t a n d a r d a d d i t i o n s and a " b l i n d " , t e s t . I n s t a n d a r d 

a d d i t i o n s known a m o u n t s o f a m i n o a c i d s a r e a d d e d t o a 

s a m p l e w h i c h has b e e n p r e v i o u s l y a n a l y s e d f o r a m i n o a c i d 

c o n t e n t : The p e r c e n t a g e r e c o v e r i e s o f t h e a d d e d a c i d s 

a r e t h e n c a l c u l a t e d . I t i s p o s s i b l e i n t h e m e t h o d o f 

s t a n d a r d a d d i t i o n s f o r t h e a n a l y s t t o make a c o n s t a n t 

e r r o r and t h i s i s b e s t c h e c k e d w i t h a b l i n d t e s t . A 

s o l u t i o n o f a m i n o a c i d s i s p r e p a r e d b y a n o t h e r w o r k e r so 

t h a t t h e a n a l y s t h a s no k n o w l e d g e o f i t s c o m p o s i t i o n o r 

l e v e l s . The unknown s o l u t i o n i s t h e n a n a l y s e d . The 

r e p o r t e d c o m p o s i t i o n and l e v e l s an-* t h e n c o m p a r e d t o 

t h o s e o f t h e o r i g i n a l s o l u t i o n . R e s u l t s f o r t h e 

p e r c e n t a g e r e c o v e r y o f a m i n o a c i d s a t a 20 p i c o m o l e l e v e l 

i s shown i n T a b l e 2.6 w h i l e t h o s e f o r t h e b l i n d t e s t 

a p p e a r i n T a b l e 2.7. 
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T a b l e 2.6. P e r c e n t a g e R e c o v e r y Of 
The 0.25 uM. L e v e l . ( n =4) 

Added A.mino A c i d s A t 

a . a . % r e c o 

Asp 116 
G l u 102 
Ser 127 
H i s 106 
G l y 104 
T h r 107 
A r g 105 
A l a 117 
T y r 102 
Abu 106 
V a l 101 
Met 124 
T r p / I l e 111 
Phe 100 
Leu 122 
O r n 102 
Lys 129 

2.7. R e s u l t s Of 

a. a 

Asp 
G l u 
Ser 
G l y 
T h r 
A l a 
T y r 
V a l 
Phe 
Leu 
Orn 
Lys 

C o n c e n t r a t i o n 
o f o r i g i n a l 
s o l u t i o n (mM) 

1.45 
0.46 
0.54 
0.24 
0.86 
2.23 
0.45 
0.33 
0.43 
0.30 
1.06 
0.51 

C o n c e n t r a t i o n 
f o u n d by 
a n a l y s i s (mM) 

49 
47 
6 1 
25 
92 
31 
49 
34 
52 
40 
50 
86 

The amino a c i d s were d i l u t e d and a n a l y s e d a t t h e 

p i c o m o l e l e v e l , t h e r e s u l t s were t h e n r e l a t e d t o t h e 

c o n c e n t r a t i o n o f t h e o r i g i n a l s o l u t i o n . A l l t w e l v e amino 

a c i d s were c o r r e c t l y i d e n t i f i e d . 
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2.8. H e w l e t t P a c k a r d 3390A I n t e g r a t o r C a l c u l a t i o n s Used 

t o Q u a n t i f y Amino A c i d s i n E n v i r o n m e n t a l S a m p l e s . 

To be a b l e t o d e t e r m i n e t h e amount o f an amino a c i d 

i n an e n v i r o n m e n t a l s a m p l e , a c a l i b r a t i o n t a b l e must be 

c r e a t e d i n t h e memory o f t h e i n t e g r a t o r . T h i s i s a c h i e v e d 

by a n a l y s i n g s t a n d a r d s o f a m i n o a c i d s i n c l u d i n g t h e 

i n t e r n a l s t a n d a r d (ISTD) a l p h a a m i n o a d i p i c a c i d ( A d i ) . 

Then f o r e a c h a c i d a r e t e n t i o n t i m e and r e s p o n s e f a c t o r 

(RF) i s programmed i n t o t h e memory. R e t e n t i o n t i m e i s 

u s e d t o i d e n t i f y t h e a c i d and RF u s e d t o c a l c u l a t e t h e 

amount o f an a c i d i n j e c t e d o n t o t h e c o l u m n and f r o m t h i s 

t h e c o n c e n t r a t i o n i n t h e sea w a t e r . The r e t e n t i o n t i m e 

i s t a k e n f r o m t h e c h r o m a t o g r a m o f s t a n d a r d s . A r e t e n t i o n 

t i m e window i s s e l e c t e d by t h e o p e r a t o r and i s i n t h i s 

c a s e t h e r e t e n t i o n t i m e p l u s o r m i n u s 0.5 o f a m i n u t e . 

The RF i s t h e amount on t h e c o l u m n d i v i d e d by t h e a r e a 

c o u n t o f t h a t p e a k . The amount o f a s t a n d a r d p l a c e d on 

t h e c o l u m n i s c a l c u l a t e d as shown b e l o w : 

100 mm3 o f a 1 x 1 0 * a m i n o a c i d s o l u t i o n i s made up t o 

25cm3 w i t h u l t r a p u r e w a t e r g i v i n g a c o n c e n t r a t i o n o f : 

100/25,000 X 1.10-3M = 4X10-6M s o l u t i o n . 

100 mm̂  o f t h i s 4 x 1 0 - s o l u t i o n i s a d d e d t o 40 m.m̂  o f 

i n t e r n a l s t a n d a r d and 360 mm̂  o f w a t e r g i v i n g a t o t a l o f 

500 mm̂  . The d e r i v a t i z a t i o n p r o c e d u r e i n v o l v e s t h e 

a d d i t i o n o f 100 mm̂  CPA r e a g e n t and 300 mm̂  o f B o r i c a c i d 
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g i v i n g a t o t a l o f 900 u l . T h e r e f o r e t h e f i n a l s t r e n g t h i n 

t h e r e a c t i o n m i x t u r e i s : 

100/900 X 4X10-6M s o l u t i o n = 4.444x10"''M s o l u t i o n . 

75 u l o f t h i s s o l u t i o n was i n j e c t e d i n t o t h e amino a c i d 

a n a l y s e r . Amount i n j e c t e d i s g i v e n b y : 

75/1x10^ X 4.444xia-"'M = 3 . 3 3 3 x l O - » i m o l e s o r 33.33 

p i c o m o l e s . 

The 33.33 p i c o m o l e s w o u l d p r o d u c e an a r e a c o u n t on t h e 

c h r o m a t o g r a m and t h e r e s p o n s e f a c t o r i s o b t a i n e d f r o m : 

RF= amount on c o l u m n / a r e a c o u n t . 

F o r most o f t h e a m i n o a c i d s t h e RF i s o f t h e o r d e r 

5 x 1 0 - = . The i n t e g r a t o r c a l c u l a t e s a RF f o r e a c h a m i n o 

a c i d i n c l u d i n g t h e i n t e r n a l s t a n d a r d . The c a l c u l a t i o n o f 

t h e c o n c e n t r a t i o n o f an a m i n o a c i d i n an e n v i r o n m e n t a l 

s a m p l e i s shown b e l o w : 
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The amount o f am.ino a c i d ( p . m o l ) i n an e n v i r o n m e n t a l 

s a m p l e i s c a l c u l a t e d as f o l l o w s : 

RF o f a c i d i n A r e a c o u n t o f 

c a l i b r a t i o n x t h e a c i d i n t h e 

t a b l e . s a m p l e . 

RF o f A d i 

i n t a b l e . 

A r e a c o u n t o f 

X A d i i n t h e 

s a m p l e . 

The amount o f 

X A d i a d d e d t o t h e 

s a m p l e . 

I n t h i s way a l l t h e amino a c i d s a r e n o r m a l i z e d t o t h e 

r e s p o n s e o f t h e i n t e r n a l s t a n d a r d ( A d i ) . C o n v e r s i o n f r o m 

amount o f amino a c i d p r e s e n t t o c o n c e n t r a t i o n e x p r e s s e d 

as u m o l e s 1"^ i n t h e o r i g i n a l sea w a t e r i s as f o l l o w s : 

20 mm̂  o f i n t e r n a l s t a n d a r d i s a d d e d t o 480 mm̂  o f s e a -

w a t e r . T h i s i s d e r i v a t i z e d and i n t h e p r o c e s s i s made up 

t o 900 mm̂  . An a l i q u o t (150 mm^) o f t h i s i s m i x t u r e t h e n 

i n j e c t e d i . e . 

480/900 X 150 = 80 mm̂  o f s e a w a t e r i s i n j e c t e d . 

The amount on t h e c o l u m n o r i g i n a t e s f r o m 80 mm̂  o f s e a -

w a t e r . T h e r e f o r e t h e c o n c e n t r a t i o n i n t h e sea w a t e r i s 

g i v e n by Y p . m o l i n 80 mm̂  . The c o n v e r s i o n t o u m o l e s / 1 i s 

as f o l l o w s : 
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1x106 X Y x l O - 1 2 m o l e s = YxlO^ u m o l a r = Y x 0.0125 uM. 

80 o f a c i d 80 

T h e r e f o r e t h e amount o f an a m i n o a c i d on t h e c o l u m n i n 

p i c o m o l e s x 0.0125 = c o n c e n t r a t i o n ( u m o l a r ) i n t h e 

o r i g i n a l s e a w a t e r s a m p l e . 

2.9 Sample t r e a t m e n t . 

2 . 9 . 1 . F i l t r a t i o n . 

F i l t r a t i o n o f s e a w a t e r s a m p l e s p r i o r t o a n a l y s i s i s 

a common p r a c t i c e . R e c e n t l y a number o f t e x t s h a v e become 

a v a i l a b l e w h i c h q u e s t i o n t h e u s e o f f i l t r a t i o n , [ Casey & 

W a l k e r ( 1 9 8 3 ) , R i d d e r e t a l . ( 1 9 8 5 ) , G r a s s h o f f ( 1 9 8 6 ) , 

Hopper & L i n d r o t h ( 1 9 8 2 ) and Fuhrman & B e l l ( 1 9 8 5 ) ] . 

G r a s s h o f f ( 1 9 8 6 ) s t a t e s t h a t f i l t r a t i o n c a n c a u s e 

c o n t a m i n a t i o n and may l e a d t o c e l l d i s r u p t i o n w i t h t h e 

c o n c o m i t a n t r e l e a s e o f i n t r a c e l l u l a r f l u i d s and t h e 

r e a d e r i s c a u t i o n e d t o f i l t e r o n l y when i t i s 

u n a v o i d a b l e . Fuhrman & B e l l ( 1 9 8 5 ) g i v e a d e t a i l e d 

d i s c u s s i o n o f t h e f i l t e r s commonly u s e d a n d v o l u m e s 

f i l t e r e d a nd c o n c l u d e t h a t g l a s s f i b r e f i l t e r s l e a d t o 

c e l l r u p t u r e w i t h v o l u m e s as l o w as 10 cm^ and t h a t 

t h e y s h o u l d n o t be u s e d f o r d i s s o l v e d f r e e amino a c i d 

a n a l y s i s . I f f i l t e r i n g i s u s e d i t s h o u l d be w i t h s m a l l 

v o l u m e s 5-10 cm^ a t l o w p r e s s u r e s and t h r o u g h 0.2 o r 0.45 

um membrane f i l t e r s . 

I n t h i s s t u d y t h e c o a s t a l a n d d e p t h p r o f i l e s a m p l e s 
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f o r DFAA a n a l y s i s were n o t f i l t e r e d . E s t u a r y samples due 

t o h i g h l e v e l s o f suspended s o l i d s were f i l t e r e d t h r o u g h 

a 0.45 urn M i l l e x HA t y p e f i l t e r . C o a s t a l samples f o r 

h y d r o l y s i s were f i l t e r e d u s i n g s t e r i l e , b u b b l e t e s t e d 0.2 

urn M i l l e x GV f i l t e r s , w h i c h c o n t a i n a low p r o t e i n b i n d i n g 

Durapore membrane. The i n d i v i d u a l f i l t e r i s a t t a c h e d t o a 

g l a s s s y r i n g e c o n t a i n i n g 10 cm^ o f seawater, and Icm^ o f 

seawater i s e x p e l l e d t h r o u g h t h e f i l t e r by g e n t l e 

p r e s s u r e . 

2.9.2 Sample P r e s e r v a t i o n and S t o r a g e . 

P r e v i o u s a t t e m p t s a t p r e s e r v i n g samples have 

i n v o l v e d a c i d i f i c a t i o n , ( W e b b & Wood 1966), a d d i t i o n o f 

m e r c u r i c c h l o r i d e ( H g C l z ) , { G a r r a s i 1979, Bada e t a l . 

1982, I t t e k k o t 1982, M u l l e r e t a l . 1 9 8 6 ) , t o l u e n e 

( J o s e f s s o n e t a l . 1977), c h l o r o f o r m (Parks e t a l . 1963, 

R i l e y & Segar 1 9 7 0 ) , o r p e n t a c h l o r o p h e n o l (Dawson and 

P r i t c h a r d 1978). Fuhrman & B e l l (1985) s t u d i e d t h e e f f e c t 

o f a d d i t i o n o f HgClj on amino a c i d l e v e l s and r e p o r t e d a 

f o u r f o l d i n c r e a s e i n t h e t r e a t e d samples compared t o t h e 

u n t r e a t e d samples. Webb & Wood 1966 fo u n d t h a t t h e 

a c i d i f i c a t i o n o f samples l e a d s t o i n c r e a s e d amino a c i d 

l e v e l s . G r a s s h o f f 1986 r e p o r t s t h a t Thayer (1970) showed 

t h a t c h e m i c a l methods o f p r e s e r v a t i o n were u n s u i t i ^ b l e 

f o r m i c r o n u t r i e n t s . 

An a l t e r n a t i v e t o c h e m i c a l p r e s e r v a t i o n has been 

sample s t o r a g e by f r e e z i n g . M o r r i s e t a l . ( 1 9 8 5 ) d i s c u s s 

t h e damage t o c e l l membranes d u r i n g t h e f r e e z i n g p r o c e s s 

which a g a i n can l e a d t o i n t r a c e l l u l a r l e a k a g e o f amino 
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a c i d s . 

Due t o the d i f f i c u l t i e s o u t l i n e d above none of the 

samples i n the p r e s e n t s t u d y where s u b j e c t e d t o any f o r m 

of p r e s e r v a t i o n or s t o r a g e . 

2.9.3 Sample C o l l e c t i o n . 

Samples were c o l l e c t e d by t he crew members o f t h e 

Marine B i o l o g i c a l A s s o c i a t i o n s h i p s . 

C o a s t a l samples, a l l o f which were s u r f a c e samples, 

were c o l l e c t e d u s i n g s t a n d a r d r e v e r s i n g b o t t l e s . Samples 

were t r a n s f e r r e d t o a c i d washed p l a s t i c b o t t l e s . Each 

b o t t l e was r i n s e d s e v e r a l t i m e s w i t h i t s p a r t i c u l a r sea-

water sample b e f o r e b e i n g capped. The b o t t l e s were p l a c e d 

i n an i n s u l a t e d c o n t a i n e r t o r e m a i n c o o l . On a r r i v a l a t 

the l a b o r a t o r y t h e samples were t r a n s f e r r e d t o a 

r e f r i g e r a t o r t o a w a i t a n a l y s i s . 

Depth samples were c o l l e c t e d u s i n g s t a n d a r d p l a s t i c 

r e v e r s i n g b o t t l e s . The samples were d e a l t w i t h as above. 

D u r i n g t h e J u l y 1987 c r u i s e , d e p t h p r o f i l e samples were 

t r a n s f e r r e d d i r e c t l y t o t h e r e f r i g e r a t o r . 

E s t u a r y samples were c o l l e c t e d u s i n g a c l e a n p l a s t i c 

b ucket r i n s e d s e v e r a l t i m e s i n t h e e s t u a r y w a t e r . Samples 

from the buc k e t were f i l t e r e d a t 0.45um and t r a n s f e r r e d 

t o t h e p l a s t i c b o t t l e s . A g a i n t h e b o t t l e s were k e p t i n an 

i n s u l a t e d c o n t a i n e r u n t i l a r r i v a l a t t he l a b o r a t o r y . 
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2.9.4 A n a l y s i s Time. 

The a n a l y s i s r i m e f o r each sample i s a p p r o x i m a t e l y 

50 m i n u t e s . Samples were c o l l e c t e d by t h e M a r i n e 

B i o l o g i c a l A s s o c i a t i o n Boats and t h e a n a l y s e s were 

commenced as soon as t h e samples were b r o u g h t t o t h e 

l a b o r a t o r y . Samples a w a i t i n g a n a l y s i s were k e p t i n a 

r e f r i g e r a t o r a t 4'C. 
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CHAPTER 3. 

DEVELOPMENT OF THE METHOD FOR THE DETERMINATION OF 

DISSOLVED COMBINED AMINO ACIDS BY ACID HYDROLYSIS. 

3.1. I n t r o d u c t i o n . 

Chapter 3 d e a l s w i t h t h e development o f che 

h y d r o l y s i s p r o c e d u r e used i n the p r e s e n t s t u d y t o 

d e t e r m i n e t h e d i s s o l v e d combined amino a c i d l e v e l s i n 

sea w a t e r . Table 3.1 g i v e s d e t a i l s o f the methods used 

by p r e v i o u s w o r k e r s . 

Table 3.1 H y d r o l y s i s Methods Used By P r e v i o u s Workers. 

Reference 

Park e t a l . (1962) . 

Degens e t a l . (1964) . 

Bishop & Louden (1965) 

S i e g e l & Degens (1966) 

R i l e y & Segar ( 1 9 7 0 ) . 

Lee & Bada ( 1 9 7 5 ) . 

Daumas ( 1 9 7 6 ) . 

Siezen & Mague (1 9 7 8 ) . 

G a r r a s i e t a l . ( 1 9 7 9 ) . 

H y d r o l y s i s method. 
C o - p r e c i p i t a t i o n o f o r g a n i c s 
w i t h f e r r i c h y d r o x i d e . 
A c i d h y d r o l y s i s w i t h 6M HCl. 

Glass ampoule s e a l e d under 
N i t r o g e n . ( N o o t h e r d e t a i l s 
g i v e n ) . 

C o - p r e c i p i t a t i o n o f o r g a n i c s 
w i t h f e r r i c h y d r o x i d e . 
A c i d h y d r o l y s i s w i t h 6M HCl. 

R e f l u x e d f o r 24 hours w i t h 
6M HCl. 

E v a p o r a t i o n o f sample. 
A d d i t i o n o f HCl t o 6M. 
H y d r o l y s i s f o r 10 h o u r s a t 
110"C under n i t r o g e n . 

R e f l u x f o r 24 h r s w i t h 6M HCl. 

A c i d h y d r o l y s i s no d e t a i l s . 

6M HC1,110"C, 20 h o u r s , g l a s s 
ampoule s e a l e d under vacuum. 

10 cm3 o f seawater p l a c e d i n 
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ampoule t h e n e v a p o r a t e d t o 
d r y n e s s . 1 cm^ o f 6M HCl added 
tube s e a l e d under n i t r o g e n . 
22 h r s . 

Maletova ( 1 9 7 9 ) . 6M HCl, 105*C. 24 h o u r s . 

B o l t e r & Dawson ( 1 9 8 2 ) . Mixed 8M HCl 1:1 w i t h sea 
w a t e r . 22 h o u r s , l l O ' C . 

Bada e t a l . ( 1 9 8 2 ) . E v a p o r a t i o n o f sample. 6M HCl 
r e f l u x 24hours. 200 mg o f 
A s c o r b i c a c i d added t o p r e v e n t 
d e g r a d a t i o n o f combined amino 
a c i d s . 

I t t e k k o t ( 1 9 8 2 ) . 6M HCl, l l O ' C , 22 h o u r s . 

Lee & C r o n i n ( 1 9 8 2 ) . A c i d h y d r o l y s i s no d e t a i l s . 

H e n r i c h s & W i l l i a m s 6M HCl, l l O ' C , 24 h o u r s . 
( 1 9 8 5 ) . Glass ampoule s e a l e d under 

n i t r o g e n . 

Mopper & Z i k a ( 1 9 8 7 ) . A c i d h y d r o l y s i s no d e t a i l s . 

I n our i n i t i a l s t u d i e s we have e x p e r i e n c e d a v a r i e t y 

of d i f f i c u l t i e s when u s i n g the p u b l i s h e d methods. The 

f o l l o w i n g account o u t l i n e s t h e s e r i e s of e x p e r i m e n t s 

u n d e r t a k e n t o produce a r e l i a b l e h y d r o l y s i s p r o c e d u r e . 

One o f t h e main problems w i t h amino a c i d a n a l y s i s 

i s t h e p o s s i b i l i t y o f c o n t a m i n a t i o n ; f o r f r e e amino a c i d s 

t h i s can be checked by r u n n i n g a r e a g e n t b l a n k . For t h e 

combined amino a c i d a n a l y s i s a p r o c e d u r a l b l a n k was used 

i . e . w a t e r o f a h i g h p u r i t y w h i c h was c o n s i d e r e d f r e e 

f rom d i s s o l v e d f r e e o r combined amino a c i d s was t a k e n 

t h r o u g h t h e h y d r o l y s i s p r o c e d u r e . I t s s u b s e q u e n t l y 

d e t e r m i n e d amino a c i d c o n t e n t was an i n d i c a t i o n o f t h e 

l e v e l o f c o n t a m i n a t i o n produced by t h e method. The most 

common p r a c t i c e f o r t h e h y d r o l y s i s o f sea w a t e r has been 

t o r e f l u x a t a t m o s p h e r i c p r e s s u r e w i t h 6M h y d r o c h l o r i c 

a c i d ( H C l ) . S e c t i o n 3.3 below w i l l d e a l w i t h t h e problems 
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of o b t a i n i n g low r e p r o d u c i b l e p r o c e d u r a l b l a n k s (PB) 

u s i n g t h i s method. 

However, b e f o r e a d e t a i l e d d i s c u s s i o n o f t h e r e f l u x 

method a t t e n t i o n w i l l be p a i d t o the t e c h n i q u e d e v e l o p e d 

f o r t h e pH a d j u s t m e n t o f hydroly-sed samples p r e c e e d i n g 

amino a c i d a n a l y s i s . 

3.2 H y d r o l y s a t e pH A d j u s t m e n t . 

I n i t i a l work was d i r e c t e d towards f i n d i n g a 

s u i t a b l e method o f r e m o v i n g t h e HCl so t h a t t h e amino 

a c i d a n a l y s i s c o u l d be c a r r i e d o u t on a n o n - a c i d i c sample 

as the d e r i v a t i z a t i o n t e c h n i q u e demands. N e u t r a l i z a t i o n 

w i t h sodium h y d r o x i d e was u n a c c e p t a b l e as t h e H y p e r s i l 

ODS column p a c k i n g was a l r e a d y near i t s t o l e r a n c e l i m i t 

f o r s a l t c o n t e n t w i t h t h e presence o f seawater {0.6M 

WaCl). T h e r e f o r e a method had t o be f o u n d t h a t d i d n o t 

i n c r e a s e t h e i o n i c c o n t e n t o f t h e sample. R o t a r y 

e v a p o r a t i o n o f 2 cm^ o f a 6M HCl s o l u t i o n c o n t a i n i n g 

amino a c i d s , f o l l o w e d by s t o r a g e under vacuum ove r 

p o t a s s i u m h y d r o x i d e p e l l e t s f o r 15 h o u r s , gave a 

p r o c e d u r e w h i c h d i d n o t a f f e c t t h e d e r i v a t i z a t i o n 

r e a c t i o n . T h i s was d e t e r m i n e d by comparing t h e peak area 

f o r t h e i n t e r n a l s t a n d a r d , a l p h a amino a d i p i c a c i d , i n an 

aqueous amino a c i d s o l u t i o n w i t h that f r o m amino a c i d s 

i n 6M HCl s o l u t i o n w h i c h had undergone, t h e above p r o c e s s 

o f e v a p o r a t i o n and d e s i c c a t i o n . No d i f f e r e n c e between 

peak areas was o b s e r v e d . There was a 95 p e r c e n t 

r e c o v e r y o f amino a c i d s f r o m the e v a p o r a t e d a c i d i c 

s o l u t i o n . 
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3.3 An I n v e s t i g a t i o n Of Seawater H y d r o l y s i s Using The 

Common R e f l u x Methodology. 

3.3.1. Problems Encountered Using D e i o n i z e d Double 

D i s t i l l e d Water (DDDW) As The H y d r o l y i s P r o c e d u r a l Blank. 

The f i r s t s e t o f h y d r o l y s e s u n d e r t a k e n was t h a t of 

d e i o n i z e d double d i s t i l l e d w a t e r (DDDW), which had been 

shown t o be f r e e o f d i s s o l v e d amino a c i d . The a p p a r a t u s 

f o r t h e e x p e r i m e n t , a m i c r o s c a l e r e f l u x system under a 

N i t r o g e n atmosphere i s shown i n F i g . 3.1. A t y p i c a l 

p r o c e d u r a l b l a n k (PB) chromatogram, showing h i g h l e v e l s 

of c o n t a m i n a t i o n , can be seen i n F i g . 3 . 2 . 

The p o s s i b l e sources o f c o n t a m i n a t i o n c o u l d have 

been; t h e N i t r o g e n gas, a n t i b u m p i n g g r a n u l e s , t h e DDDW, 

the A r i s t a r H y d r o c h l o r i c a c i d , a p r o t e i n a c e o u s monolayer 

on t h e gla s s w a r e which was n o t removed by a c i d washing or 

a c o n t a m i n a n t e n t e r i n g t h e system used f o r h y d r o l y s i s . 

A s e r i e s o f ex p e r i m e n t s was u n d e r t a k e n t o e l i m i n a t e 

one a t a time t h e p o s s i b l e causes o f c o n t a m i n a t i o n l i s t e d 

above. 

3.3.2 E f f e c t o f the M i t r o g e n Atmosphere. 

An e x p e r i m e n t c o n s i s t i n g o f 4 h y d r o l y s e s o f DDDW, 

u s i n g 6M H y d r o c h l o r i c a c i d (HCl) a t r e f l u x were s e t up. 

Two were under a n i t r o g e n atmosphere and two w i t h o u t 

n i t r o g e n . I n the case of those w i t h o u t n i t r o g e n a 

Q u i c k f i t s t o p p e r was p l a c e d i n the t o p of t h e r e f l u x 
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Granules 

Fig 3.1 A Schematic Diagram Of The Reflux Apparatus Used 
For The First Hydrolysis Experiments. 



Fig 3.2 A Typical Chromatogram For The Acid Hydrolysis 
Of Deionised Double Distilled Water: The Amino Acid 
Procedural Blank Shows High Levels Of Contamination. 

Fig 3.3 Aristar Hydrochloric Acid Taken Through The 
Hydrolysis Process With No Water Present, And Showing 
Reduced Levels Of Contamination. 
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condenser and a f i l t e r funne.l i n v e r t e d over the 

a p p a r a t u s w i t h a p p r o x i m a t e l y a q u a r t e r o f an i n c h gap 

between the f u n n e l neck and t h e s t o p p e r . T h i s k e p t t h e 

s t o p p e r i n p l a c e w h i l e a l l o w i n g t h e a i r p r e s s u r e t o 

e q u a l i z e , t h i s was d e s i g n a t e d a s e m i - s e a l e d system. 

R e s u l t s showed amino a c i d c o n t a m i n a t i o n i n b o t h s e t s o f 

h y d r o l y s a t e s . I t was t h e r e f o r e c o n c l u d e d t h a t t h e 

n i t r o g e n gas was n o t the cause o f c o n t a m i n a t i o n . However 

n i t r o g e n was no l o n g e r used and a l l f u r t h e r e x p e r i m e n t s 

employed the s e m i - s e a l e d system. 

3.3.3 A n t i b u m p i n q G r a n u l e s . 

Two s e t s o f d u p l i c a t e h y d r o l y s e s o f DDDW were 

u n d e r t a k e n , one s e t w i t h a n t i b u m p i n g g r a n u l e s , and t h e 

o t h e r s e t w i t h o u t . A g a i n , c o n t a m i n a t i o n was p r e s e n t i n 

b o t h s e t s of r e s u l t s . T h e r e f o r e , t h e a n t i b u m p i n g g r a n u l e s 

were n o t t h e cause o f the c o n t a m i n a t i o n , b u t as 

p r e v i o u s l y t h e y were no l o n g e r i n c l u d e d i n the method. 

3.3.4. I n v e s t i g a t i o n Of The P r o t e i n a c e o u s Monolayer 

Theory. 

Chromic a c i d washing o f g l a s s w a r e i s known t o l e a v e 

a monolayer of l i p i d a t t a c h e d t o t h e g l a s s . ( P e r s o n a l 

communication, E . I , B u t l e r ) , There was a p o s s i b i l i t y t h a t 

washing w i t h 10 % h y d r o c h l o r i c a c i d l e f t a p r o t e i n a c e o u s 

l a y e r on t h e g l a s s w a r e used f o r t h e h y d r o l y s i s w h i c h 

c o u l d be t h e s o u r c e o f c o n t a m i n a t i o n . T h e r e f o r e t h e g l a s s 

washing p r o c e d u r e was changed. The a n a l a r h y d r o c h l o r i c 
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a c i d was r e p l a c e d by a 5% s o l u t i o n o f Decon 90.(BDH).The 

f o l l o w i n g s e t of d u p l i c a t e h y d r o l y s i s e x p e r i m e n t s were 

then u n d e r t a k e n . Set one, d e i o n i z e d d o u b l e d i s t i l l e d 

w ater (DDDW) p l u s a c i d w i t h o u t h e a t . Set two, DDDW p l u s 

a c i d !?:/nicated f o r 2 hours w i t h o u t h e a t . Set t h r e e DDDW 

p l u s a c i d r e f l u x e d f o r 2 h r s . The ex p e r i m e n t w i t h o u t 

h e a t i n g produced no amino a c i d s , w h i l e thosC: w h i c h were 

s o n i c a t e d o r heated gave amino a c i d s . T h i s i n d i c a t e s t h a t 

a bond b r e a k i n g o c c u r s which g i v e s r i s e t o t h e 

c o n t a m i n a t i o n i . e . t h e source must be ma c r o m o l e c u l a r . 

A l s o t h e c o n t a m i n a t i o n i s n o t due t o a p r o t e i n monolayer. 

The Decon 90 c l e a n i n g method was used f o r the r e s t o f t h e 

e x p e r i m e n t s on the r e f l u x method. 

3.3.5. Role Of H y d r o c h l o r i c A c i d I n The Problem Of 

Co n t a m i n a t i o n . 

The n e x t s e r i e s o f d u p l i c a t e h y d r o l y s i s e x p e r i m e n t s 

were as f o l l o w s ; one, w a t e r o n l y s o n i c a t e d ; two, wate r 

p l u s a c i d s o n i c a t e d (2 h r s ) ; t h r e e , water p l u s a c i d 

h eated f o r a p e r i o d of 2 h r s . The s o n i c a t e d w a t e r w i t h o u t 

a c i d gave no amino a c i d s . W h i l e b o t h t h e o t h e r s e t s o f 

exp e r i m e n t s gave the u s u a l c o n t a m i n a t i o n . From t h i s 

r e s u l t i t was con c l u d e d t h a t t h e a c i d must be p r e s e n t f o r 

the c o n t a m i n a t i o n t o o c c u r . 

Two s e t o f d u p l i c a t e r e f l u x a p p a r a t u s were used f o r 

the n e x t e x p e r i m e n t . I n t h e f l a s k o f each s e t was p l a c e d 

A r i s t a r H y d r o c h l o r i c a c i d o n l y . Set one was l e f t a t room 

t e m p e r a t u r e w h i l e s e t two was heat e d f o r two h o u r s . 

N e i t h e r s e t o f exp e r i m e n t s showed the t y p i c a l p a t c e r n o r 
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l e v e l s of amino a c i d s observed i n p r e v i o u s h y d r o i y s a t e s 

(see F i g . 3 . 3 ) . The r e s u l t o f t h e above e x p e r i m e n t l e a d s 

t o t h e c o n c l u s i o n t h a t w h i l e t h e a c i d must be p r e s e n t f o r 

the c o n t a m i n a t i o n t o occur i t i s n o t i t s e l f t h e source o f 

the c o n t a m i n a n t . 

The p o s s i b i l i t y t h a t the DDDW was the source of t h e 

c o n t a m i n a t i o n was i n v e s t i g a t e d as f o l l o w s : two d u p l i c a t e 

s e t s of r e f l u x a p p a ratus were p r e p a r e d . One s e t c o n t a i n e d 

o n l y A r i s t a r h y d r o c h l o r i c a c i d . The second s e t c o n t a i n e d 

a c i d p l u s w a t e r . Both the a c i d and t h e a c i d p l u s water 

were r e f l u x e d . A c i d o n l y gave t h e same r e s u l t as 

p r e v i o u s l y i . e . no t y p i c a l c o n t a m i n a t i o n p a t t e r n . The 

a c i d and wat e r however gave t h e u s u a l p a t t e r n and l e v e l s 

of c o n t a m i n a t i o n . T h e r e f o r e t h e problem o f c o n t a m i n a t i o n 

appeared t o be a macromolecular s p e c i e s i n the u n f i l t e r e d 

d e i o n i z e d w a t e r . F i l t r a t i o n o f t h e DDDW a t t h e 0.45 um 

l e v e l g r e a t l y reduced the l e v e l o f c o n t a m i n a t i o n , f u r t h e r 

s u p p o r t i n g t h e i d e a of c o n t a m i n a t i o n by a macromolecular 

s p e c i e s . A s u p p o r t i n g e x p e r i m e n t was c a r r i e d o u t i n 

which 10 t i m e s 2cm^ a l i q u o t s o f DDDW were s e r i a l l y 

e v a p o r a t e d f r o m t h e same 10 cm^ round bottomed f l a s k . 

Close i n s p e c t i o n of the f l a s k a t t he end o f the 

exper i m e n t showed t h e f l a s k t o c o n t a i n a w h i t e d e p o s i t . 

A c i d h y d r o l y s i s o f the d e p o s i t showed t h a t i t c o n t a i n e d 

h i g h l e v e l s of combined amino a c i d s . T h i s c o n f i r m s t h a t 

the DDDW which had been used f o r a l l work up t o t h i s 

p o i n t c o n t a i n e d an i m p u r i t y w h ich had caused t h e t y p i c a l 

c o n t a m i n a t i o n p a t t e r n observed d u r i n g t h e p r o c e d u r a l 

b l a n k h y d r o l y s e s . A r e c e n t paper by Samata i Matsuda 

(1986) c o n f i r m s these f i n d i n g s . 
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Subsequent . work i n c l u d i n g g l a s s w a r e washing was 

c a r r i e d o u t u s i n g 0.45 um f i l t e r e d DDDW, u n t i l t h e 

purchase o f a M i l l i Q u l t r a p u r e w a t e r system when the use 

of DDDW was t e r m i n a t e d . 

3.4 E v a l u a t i o n Of The G e n e r a l l y Used R e f l u x Method. 

At t h i s s tage the h y d r o l y s i s method development had 

been s u c c e s s f u l i n removing h y d r o c h l o r i c a c i d p r i o r t o 

d e r i v a t i z a t i o n and p r o d u c i n g a r e f l u x method w i t h a low 

but not i n s i g n i f i c a n t b l a n k . 

I t was de c i d e d a t t h i s s t a g e t o conduct a 

p r e l i m i n a r y i n v e s t i g a t i o n o f seawater samples t o 

det e r m i n e t h e magnitude o f the d i s s o l v e d combined amino 

a c i d s r e l a t i v e t o t h e p r o c e d u r a l b l a n k s . T a ble 3.2 shows 

p r o c e d u r a l b l a n k and seawater l e v e l s d e t e r m i n e d on a 

v a r i e t y o f o c c a s i o n s . The b l a n k l e v e l s were i n c o n s i s t e n t . 

By comparing the l e v e l s of d i s s o l v e d f r e e amino a c i d s and 

the t o t a l amino a c i d s i n the seawater samples i t was a l s o 

c l e a r t h a t amino a c i d d e s t r u c t i o n was o c c u r i n g i n some o f 

the samples. T h i s meant t h a t a f u l l e r i n v e s t i g a t i o n o f 

the h y d r o l y s i s by r e f l u x was nec e s s a r y . 
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Table 3.2. D u p l i c a t e P r o c e d u r a l Blanks (0.45 um f i l t e r e d 
DDDW)" And Sea Water Samples H y d r o l y s e d U s ing The 
Semi-sealed R e f l u x Methodology. TAA=Total amino a c i d s 
f r e e p l u s combined. 

Date 

08.01.86 
21.01.86 
23.01.86 
28.01.86 
03.02.86 
11.02.86 
25.02.86 
06.03.86 

Bl a n k s : TAA (uM). 

203, 
230, 
952, 
250, 
066, 
251, 
125, 
645, 

118 
590 
234 
164 
053 
906 
106 

Sea w a t e r : TAA (uM) 
w i t h o u t s u b t r a c t i o n 
o f t h e b l a n k v a l u e s 

L.638 

755 
064 
596 
158 
868 
714 
224 
327 

3.291 
2.957 
2.041 

0.273 
0 . 402 
0 . 210 
2.963 

3.4.1. Recovery of Free Amino A c i d s . 

The f i r s t s t e p i n t h i s i n v e s t i g a t i o n was t o examine 

the r e c o v e r y o f amino a c i d s f r o m a s o l u t i o n o f f r e e amino 

a c i d s s u b j e c t e d t o r e f l u x h y d r o l y s i s c o n d i t i o n s . Water 

was s p i k e d , w i t h t h e e i g h t e e n amino a c i d s l i s t e d i n 

c h a p t e r 2, a t t h r e e d i f f e r e n t l e v e l s i . e . 0.362, 2.000 

and 4.000 uM. f o r each amino a c i d . T h i s f r e e amino a c i d 

m i x t u r e was s u b j e c t e d t o a c i d h y d r o l y s i s c o n d i t i o n s 

u s i n g t h e s e m i - s e a l e d a p p a r a t u s d e s c r i b e d above. The 

percentage r e c o v e r y of these f r e e amino a c i d s a r e shown 

i n Table 3.3. 
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Table 3.3. The Recovery Of Free Amino A c i d s From Wate 
Hyd r o l y s e d Using The Semi-sealed R e f l u x Methodology. 

% r e c o v e r y 

amino a c i d . 0 .362 2 . 000 4.0 

Asp 29 23 28 
Glu 24 54 59 
Ser 18 52 59 
His 0 0 3 
Gly 40 76 80 
Thr 0 39 42 
Arg 0 47 64 
Ala 91 107 99 
Tyr 0 2 3 
Abu 104 92 87 
Val 70 101 97 
Met 0 0 0 
T r p / I l e 18 42 48 
Phe 0 44 42 
Leu 48 62 70 
Orn 0 22 46 
Lys 0 44 81 

The h y d r o l y s i s a t t h r e e l e v e l s was r e p e a t e d b u t the 

l o s s e s were n o t r e p r o d u c i b l e . Such l o s s e s d u r i n g t h e 

h y d r o l y s i s p r o c e d u r e were c o n s i d e r e d u n a c c e p t a b l e and i t 

was d e c i d e d a t t h i s s tage t o abandon t h e r e f l u x 

h y d r o l y s i s p r o c e d u r e and examine t h e p r o c e d u r e s based 

upon h y d r o l y s i s under s e a l e d tube c o n d i t i o n s . 

3.5 Sealed Tube Methodology. 

The f i r s t e x p e r i m e n t u n d e r t a k e n was t o r u n s e v e r a l 

p r o c e d u r a l b l a n k s (PB) u s i n g f i l t e r e d d e i o n i z e d double 

d i s t i l l e d w a t e r h y d r o l y s e d w i t h 6M HCl i n a s e a l e d g l a s s 

ampoule f o r 16 h r s a t l l O ' C . I n i t i a l r e s u l t s were 

enc o u r a g i n g as a p p a r e n t l y a.mino a c i d - f r e e b l a n k s were 

produced. 

The e x p e r i m e n t d e s c r i b e above ( s e c t i o n 3.4.1) where 
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water was s p i k e d a t t h r e e l e v e l s w i t h an amino a c i d 

m i x t u r e was r e p e a t e d u s i n g t h e s e a l e d tube p r o c e d u r e . 

T h i s gave zero-amino a c i d r e c o v e r i e s i n a l l t h r e e cases. 

Degassing o f t h e samples w i t h h e l i u m o r f l u s h i n g w i t h 

n i t r o g e n were w i t h o u t a f f e c t on t h e a.a. r e c o v e r i e s . 

I t i s w e l l known t h a t d e g r a d a t i v e l o s s e s o c c u r 

d u r i n g p r o t e i n h y d r o l y s i s (Hunt 1 9 8 5 ) . I n most p r o t e i n 

a n a l y s i s s t u d i e s t h e h y d r o l y s i s i s c a r r i e d o u t a t 

a p p r o x i m a t e l y Img o f p r o t e i n f o r 1 cm^ o f a c i d . I t was 

t h e r e f o r e d e c i d e d t o examine t h e p e r c e n t a g e amino a c i d 

r e c o v e r y u s i n g a p r o t e i n of known amino a c i d c o m p o s i t i o n 

(Bovine Serum Albumin) h y d r o l y s e d by b o t h t h e r e f l u x and 

s e a l e d tube method a t the 1 mg/cm^ l e v e l . 

3.6. Percentage R e c o v e r i e s Of Amino A c i d s From A Known 

P r o t e i n At The Img/cm^ L e v e l U s i n g The Semi-sealed 

R e f l u x And Sealed Tube M e t h o d o l o g i e s . 

Amino a c i d r e c o v e r i e s o f t h e o r d e r o f 90 p e r c e n t 

were o b t a i n e d by h y d r o l y s i n g Img/cm^ o f Bovine Serum 

Albumin u s i n g e i t h e r s i m p l e r e f l u x o r s e a l e d tube 

p r o c e d u r e s . The t o t a l l o s s o f amino a c i d s under s e a l e d 

tube c o n d i t i o n s even a t 4.000 uM can t h e r e f o r e o n l y be 

e x p l a i n e d by an e x t e n s i v e d e g r a d a t i o n o c c u r r i n g when 

amine a c i d s c o n c e n t r a t i o n s a r e s e v e r a l o r d e r s o f 

magnitude below t h o s e commonly used f o r p r o t e i n a n a l y s i s 

work. 

T h i s e x p e r i m e n t a l s o shows t h a t t h e i r r e g u l a r 

h y d r o l y s i s r e s u l t s ( T a b l e 3.2.) i s an i n d i c a t i o n t h a t , 

under r e f l u x h y d r o l y s i s c o n d i t i o n s , b o t h e x t e n s i v e 
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d e g r a d a t i o n o f amino a c i d s , t o g e t h e r w i t h c o n t a m i n a t i o n 

p r e s u m a b l y o f a e r o b i c o r i g i n , a r e e n c o u n t e r e d . 

3.7 E v a c u a t e d S e a l e d Tube M e t h o d o l o g y . 

The m a i n d i f f e r e n c e b e t w e e n t h e r e f l u x a n d s e a l e d 

t u b e m e t h o d o l o g y i s t h e p r e s s u r e d e v e l o p e d i n t h e 

a p p a r a t u s d u r i n g t h e h y d r o l y s i s p r o c e s s . T h e r e f o r e , 

d e t e r m i n a t i o n o f b l a n k s and r e c o v e r i e s o f f r e e amino 

a c i d s a t t h e 0.362 uM. l e v e l , were r e p e a t e d u s i n g a 

t e c h n i q u e i n w h i c h p r e s s u r e was r e d u c e d t o 0.05 mm Hg 

b e f o r e t h e t u b e s were s e a l e d . T h i s was d e s i g n a t e d t h e 

E v a c u a t e d S e a l e d Tube m e t h o d ( E S T ) . F u l l e x p e r i m e n t a l 

d e t a i l s o f t h i s e v a c u a t e d s e a l e d t u b e t e c h n i q u e a r e g i v e n 

i n s e c t i o n 3.10. b e l o w . 

The r e s u l t s o f t h e b l a n k d e t e r m i n a t i o n s a r e g i v e n i n 

T a b l e 3.4 w h i l e t h o s e f o r f r e e amino a c i d r e c o v e r i e s a r e 

p r e s e n t e d i n T a b l e 3.5, 
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T a b l e 3.4 . W i t h i n B a t c h (Column 1) And B e t w e e n B a t c h 
(Column 2) Means And Co - e f f i c i e n t Of V a r i a t i o n (CV) F o r 
P r o c e d u r a l B l a n k s P r e p a r e d By EST. 

Colu.Tin 1 Column 2 

an\ino mean o f 3 a m i n o mean o f 20 
a c i d s a n a l y s e s a c i d s a n a l y s e s . 
d e t e c t e d . (uM) . d e t e c t e d . ( u M ) . 

Asp 0.083 Asp 0.084 
G l u 0.073 G l u 0.090 
Ser 0.192 Ser 0.175 
G l y 0 . 087 G l y 0.122 
A l a 0 .102 T h r 0.014 
T o t a l 0 . 537 A l a 0.096 
CV 3.2% T y r 0.004 

V a l 0.034 
Phe 0.002 
Leu 0.019 
T o t a l 0.644 
CV 33% 

T a b l e 3.5. P e r c e n t a g e R e c o v e r y Of Added F r e e Amino A c i d s 
A t The 29 P i c o m o l e L e v e l W h i c h Have Been S u b j e c t e d To The 
H y d r o l y s i s C o n d i t i o n s Of The E v a c u a t e d S e a l e d Tube 
Me t h o d . 

amino a c i d 

Asp 
G l u 
Ser 
H i s 
G l y 
T h r 
A r g 
A l a 
T y r 
Abu 
V a l 
Met 
T r p / I l e 
Phi-
Leu 
Orn 
Lys 

% r e c o v e r y 

112 
118 
102 
116 
89 

125 
105 
111 
89 
79 
97 
0 

90 
68 
76 
57 
52 

I t was now c o n s i d e r e d t h a t b o t h t h e b l a n k s and f r e e 

a mino a c i d r e c o v e r i e s were s u c h t h a t f u r t h e r e x p e r i m e n t s 
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c o u l d be u n d e r t a k e n u s i n g c h i s e v a c u a t e d s e a l e d cube 

p r o c e d u r e f o r h y d r o l y s i s . 

The n e x t s t a g e o f t h e i n v e s t i g a t i o n was t h e r e f o r e t o 

e v a l u a t e t h e h y d r o l y s i s p r o c e d u r e w i t h r e s p e c t t o t h e 

p e r c e n t a g e r e c o v e r y o f a m i n o a c i d s f r o m a s a m p l e 

c o n t a i n i n g known amounts o f d i s s o l v e d c o m b i n e d amino 

a c i d s . T h i s was a g a i n a c h i e v e d by h y d r o l y s i n g a p r o t e i n 

o f known amino a c i d c o m p o s i t i o n ( B o v i n e Serum Albu m i r . , 

BSA) u n d e r v a r i o u s c o n d i t i o n s . The r e s u l t s a r e g i v e n i n 

T a b l e 3.6. 

T a b l e 3.6. P e r c e n t a g e R e c o v e r y Of Amino A c i d s O b t a i n e d By 
I n S e a l e d A c i d H y d r o l y s i s Of BSA ( a t d i f f e r e n t l e v e l s ) , 

Tubes Under V a r i o u s C o n d i t i o n s . 

Amino Column Column Column Column 
a c i d 1 2 3 4 

Asp 23.0 62 57 67 
G l u 31 . 4 51 51 65 
Ser 11.3 114 43 64 
H i s 7 . 2 83 54 80 
G l y 6.8 142 110 62 
T h r 13.7 62 48 70 
A r g 1 1 . 1 53 73 84 
A l a 19.6 65 63 65 
T y r 7 . 5 59 69 69 
V a l 14 . 2 74 77 59 
Phe 11.2 44 50 61 
Leu 26.0 43 50 56 
Lys 24.6 51 50 66 

Column 1 . T h e o r e t i c a l l e v e l o f a m i n o a c i d ( p i c o m o l e s ) 
o b t a i n a b l e f r o m a 3xlO-7g/cm3 a q u e o u s s o l u t i o n o f BSA 
( c a l c u l a t e d f r o m d a t a g i v e n by H a u r o w i t z 1 9 6 3 ) . 

Column 2. % r e c o v e r y o f amino a c i d s fro.m BSA, h y d r o l y s e d 
i n U l t r a p u r e w a t e r a t 4 x l 0 - 7 g / c m 3 , 0.05 mm Hg. 

Column 3. % r e c o v e r y o f amino a c i d s f r o m BSA, h y d r o i y s e d , 
i n s e a w a t e r a t 3 x l 0 - 7 g / c m 3 , 0.05 mm Hg. 

Column 4. % r e c o v e r y o f a m i n o a c i d s f r o m BSA, h y d r o l y s e d 
i n U V - i r r a d i a t e d s eawacer a t 3xlO-7g/cm3, 0.05 mm Kg. 

An aqueous s o l u t i o n o f BSA a t a c o n c e n t r a t i o n 
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3 x 1 0 - g / m l was s e l e c t e d f o r zhe s t u d i e s s i n c e i t c o n t a i n s 

d i s s o l v e d c o m b i n e d amino a c i d s a t a p p r o x i m a t e l y t h e same 

o r d e r o f m a g n i t u d e as e x p e c t e d t o be p r e s e n t i n t h e 

e n v i r o n m e n t . 

The r e s u l t s i n T a b l e 3.6 w e r e f e l t t o be 

e n c o u r a g i n g . However a s e r i e s o f e x p e r i m e n t s was 

u n d e r t a k e n t o see i f f u r t h e r i m p r o v e m e n t s c o u l d be made. 

Changes i n t h e r a t i o o f v o l u m e o f s a m p l e t o v o l u m e o f 

t u b e , f u r t h e r r e d u c t i o n i n p r e s s u r e t o 0.01 mm Hg i n " t h e 

• s e a l e d t u b e , and d e g a s s i n g w i t h n i t r o g e n o r h e l i u m d i d 

n o t y i e l d any n o t i c e a b l e i m p r o v e m e n t t o t h e d a t a g i v e n i n 

T a b l e 3.6. 

A c o m p a r i s o n o f t h e p e r c e n t a g e r e c o v e r i e s o f a d d e d 

f r e e a m i no a c i d s t o a h y d r o l y s i s m i x t u r e as g i v e n i n 

T a b l e 3.5 w i t h t h e p e r c e n t a g e r e c o v e r i e s o f t h e same 

amino a c i d s when p r e s e n t i n t h e c o m b i n e d f o r m as p r o t e i n 

T a b l e 3.6, Column 2, shows t h a t i n s e v e r a l c a s e s 

e x t e n s i v e d e g r a d a t i o n o f i n d i v i d u a l a c i d s o c c u r s d u r i n g 

t h e p r o c e s s o f p e p t i d e b o n d b r e a k i n g o c c u r i n g i n t h e 

h y d r o l y s i s e.g. a s p a r t a t e a nd g l u t a m a t e r e c o v e r i e s a r e 

r e d u c e d t o a p p r o x i m a t e l y f i f t y p e r c e n t . 

I t was d e c i d e d h o w e v e r , t h a t t h e e v a c u a t e d s e a l e d 

t u b e m e t h o d w o u l d s u f f i c e f o r t h e e n v i r o n m e n t a l w o r k t o 

be u n d e r t a k e n and a s h o r t s e r i e s o f c o m p l e t e 

d e t e r m i n a t i o n s o f d i s s o l v e d f r e e a nd d i s s o l v e d c o m b i n e d 

amino a c i d s was u n d e r t a k e n t o t e s t t h e m e t h o d . 
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3.8. P r e c i s i o n Of The E v a c u a t e d S e a l e d Tube T e c h n i q u e F o r 

The H y d r o l y s i s Of E n v i r o n m e n t a l S a m p l e s . 

I t was n e c e s s a r y t o d e t e r m i n e t h e p r e c i s i o n o f t h e 

e v a c u a t e d s e a l e d t u b e t e c h n i q u e . T h i s was a c h i e v e d by 

h y d r o l y s i n g d u p l i c a t e e n v i r o n m e n t a l s a m p l e s and e x a m i n i n g 

t h e v a r i a t i o n i n d i s s o l v e d c o m b i n e d a m i n o a c i d l e v e l s 

o b t r a i n e d . T a b l e 3.7 d e t a i l s t h e r e s u l t s o f t h e s e 

e x p e r i m e n t s and shows t h e v a r i a t i o n t o be a t an 

a c c e p t a b l e l e v e l . 

T a b l e 3.7. H y d r o l y s i s Of D u p l i c a t e E n v i r o n m e n t a l S a m p l e s . 

D a t e : D u p l i c a t e DCAA 
a n a l y s e s ( u M ) . 

5.6.86 2.395, 2.200 

12.6.86. 1.520, 1.367 

3.9.86 2.480, 1.975 
2 . 2 4 1 , 2.180 
4.346, 4.743 

The p o s s i b l e e f f e c t o f n i t r a t e l e v e l s on a m ino a c i d 

r e c o v e r i e s was f i r s t d i s c u s s e d i n t h e p a p e r o f H e n r i c h s & 

W i l l i a m s ( 1 9 8 5 ) . The l e v e l o f n i t r a t e f o u n d i n n a t u r a l 

w a t e r s c a n v a r y f r o m b e l o w 1 uM t o a p p r o x i m a t e l y 50 uM 

i n e s t u a r i n e w a ^ e r s . The w a t e r s o f t h e E n g l i s h C h a n n e l 

( E l ) h a v e a maximum o f 12 uM, t h o u g h v a l u e s f o r c o a s t a l 

w a t e r s may be h i g h e r ( B u t l e r e t a l . 1 9 7 9 ) . The h i g h 

a c i d i t y o f t h e h y d r o l y s i s medium w o u l d r e s u l t i n n i t r a t e 

b e i n g p r e s e n t as t h e p o w e r f u l l y o x i d i z i n g N i t r i c a c i d 

s p e c i e s . I t was f e l t t h i s c o u l d c a u s e i n c r e a s e d 
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d e g r a d a t i o n o f a m i n o a c i d s p e c i e s d u r i n g t h e h y d r o l y s i s 

p r o c e s s . A c c o r d i n g l y t h e e f f e c t o f n i t r a t e l e v e l s u p o n 

amino a c i d r e c o v e r i e s f r o m h y d r o l y s i s • e:-:periments was 

i n v e s t i g a t e d . 

3.9. The E f f e c t Of N i t r a t e L e v e l s On The A m i n o A c i d 

R e c o v e r i e s From P r o t e i n . 

A s e a w a t e r s a m p l e was U V - i r r a d i a t e d i n t h e p r e s e n c e 

o f h y d r o g e n p e r o x i d e t o b r e a k d o w n any - o r g a n i c s p r e s e n t . 

I n t h e c a s e o f n i t r o g e n c o n t a i n i n g o r g a n i c m o l e c u l e s 

t h e s e w o u l d h a v e been d e g r a d e d t o n i t r a t e . I n t h i s way 

t h e U V - i r r a d i a t e d s e a w a t e r c o n t a i n e d t h e h i g h e s t l e v e l s 

o f n i t r a t e l i k e l y t o be f o u n d i n sea w a t e r . B o v i n e Serum 

A l b u m i n (BSA) was a d d e d t o t h e U V - i r r a d i a t e d s e a w a t e r and 

h y d r o l y s e d . The p e r c e n t a g e r e c o v e r y o f t h e a m i n o a c i d s 

a r e g i v e n i n Column 4 o f T a b l e 3.6. H a v i n g 

e s t a b l i s h e d t h a t a m i n o a c i d s r e c o v e r i e s w e r e u n l i k e l y t o 

be a f f e c t e d b y t h e n i t r a t e l e v e l s i n t h e s e a , a t t e n t i o n 

was t u r n e d t o t h e e s t u a r y . The h i g h e s t l e v e l s o f n i t r a t e 

f o u n d i n t h e Tamar e s t u a r y i s 36 u M o l a r . A p u r e w a t e r 

s o l u t i o n was s p i k e d w i t h n i t r a t e t o 36 u M o l a r and BSA a t 

3 x 1 0 - g / c m 3 . T h i s s o l u t i o n was t h e n h y d r o l y s e d u s i n g t h e 

e v a c u a t e d s e a l e d t u b e t e c h n i q u e . T h i s g a v e n e g l i g i b l e 

r e c o v e r i e s o f a m i n o a c i d s . C o n s e q u e n t l y no h y d r o l y s e s o f 

e s t u a r i n e s a m p l e s h a v e b e e n c a r r i e d o u t i n t h i s s t u d y . I t 

i s i m p o r t a n t t o n o t e t h e l i m i t a t i o n s i m p o s e d by t h e 

p r e s e n c e o f h i g h n i t r a t e v a l u e s u p o n d i s s o l v e d c o m b i n e d 

amino a c i d d e t e r m i n a t i o n s by h y d r o l y s i s p r o c e d u r e s . 
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3.10. Use Of The I n t e r n a l S t a n d a r d I n H v d r o l y s a t e s . 

An i n t e r n a l s t a n d a r d o f A l p h a a mino a d i p i c a c i d 
( A d i ) a t an a p p r o x i m a t e 1 uM l e v e l was added t o t h e s e a -
wacer s a m p l e s b e f o r e h y d r o l y s i s and a r e c o v e r y o f 39 
p e r c e n t was o b t a i n e d . I t was n e c e s s a r y t o add t h e A d i co 
each h y d r o l y s i s s a m p l e , i n o r d e r t o m o n i t o r t h e 
h y d r o l y s i s p r o c e s s , and a l s o t o c h e c k t h a t t h e pK 
a d j u s t m e n t , ( s e c t i o n 3 . 2 ) , was e f f e c t i v e i n e v e r y c a s e . 

3 . 1 1 . D e t a i l Of The H y d r o l y s i s P r o c e d u r e s I n v o l v e d I n The 

E v a c u a t e d S e a l e d Tube T e c h n i q u e . 

1 . P y r e x t e s t t u b e s m e a s u r i n g 150 x 18 mm were c l e a n e d by 

i m m e r s i o n i n a 10% A n a l a r H y d r o c h l o r i c a c i d o v e r n i g h t . 

They were t h e n r i n s e d many t i m e s i n M i l l i Q w a t e r and 

a l l o w e d t o d r a i n i n an i n v e r t e d p o s i t i o n . 

2. A c o n s t r i c t i o n a p p r o x i m a t e l y 3 mm i n d i a m e t e r was made 

2 cm f r o m t h e r i m o f . t h e t u b e u s i n g a g l a s s l a t h e . 

3. The b a t c h o f c o n s t r i c t e d t u b e s was t h e n p l a c e d i n an 

i n v e r t e d p o s i t i o n i n a b e a k e r . The b e a k e r was c o v e r e d 

w i t h a l u m i n i u m f o i l t o p r e v e n t c o n t a m i n a t i o n a nd p l a c e d 

i n an o v e n . The o v e n t e m p e r a t u r e was r a i s e d t o 560*C o v e r 

a p e r i o d o f 30 m i n s and m a i n t a i n e d a t t h a t l e v e l f o r 20 

m i n s , t h e n r e d u c e d t o 500'C f o r 6 h o u r s . The o v e n was 

t h e n t u r n e d o f f . The t u b e s r e m a i n e d o v e r n i g h t i n t h e o v e n 
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t o c o o l . T h i s p y r o l y s i s was n e c e s s a r y t o e n s u r e c o m p l e t e 

r e m o v a l o f t r a c e s o f c o n t a m i n a t i n g amino a c i d s . 

4. The n e x t s t a g e s o f t h e h y d r o l y s i s p r o c e d u r e w e r e 

c a r r i e d o u t i n a fu.me c u p b o a r d . C l e a n p l a s t i c g l o v e s were 

w o r n a t a l l t i m e s t o p r e v e n t c o n t a m i n a t i o n o f g l a s s w a r e 

o r s a m p l e . 

5. Samples w i t h a p p r o p r i a t e b l a n k s were h y d r o l y s e d as 

f o l l o w s : 

A r i s t a r H y d r o c h l o r i c a c i d ( 1 cm^) was a d d e d t o t h e 

h y d r o l y s i s t u b e u s i n g an a c i d washed, a l l g l a s s s y r i n g e , 

f o l l o w e d by t h e w a t e r s a m p l e 1 cm^ ( o r M i l l i Q w a t e r i n 

t h e c a s e o f b l a n k s ) . A l l s a m p l e s f o r h y d r o l y s i s were 

f i l t e r e d u s i n g a M i l l e x GV (0.22um) f i l t e r a t t a c h e d t o 

t h e f u l l s y r i n g e . 100 u l o f a I x l O - ^ M s o l u t i o n o f a l p h a 

a.mino a d i p i c a c i d was added u s i n g a m i c r o p i p e t t e w i t h a 

p r e - r i n s e d p l a s t i c t i p . The s o l u t i o n was d e g a s s e d by 

b u b b l i n g h e l i u m t h r o u g h i t (2 m i n ) u s i n g a p r e v i o u s l y 

c l e a n e d g l a s s c a p i l l a r y . 

A f t e r d e g a s s i n g , t h e s a m p l e s were f r o z e n by 

i m m e r s i o n i n l i q u i d n i t r o g e n . The s a m p l e t u b e s were t h e n 

e v a c u a t e d t o a p r e s s u r e o f 0.05 mm Hg and s e a l e d a t t h e 

c o n s t r i c t i o n w i t h a f l a m e . H y d r o l y s i s was c a r r i e d o u t i n 

an o v e n a t l l O ' C f o r 16 h o u r s . 

6. A f t e r h y d r o l y s i s t h e t u b e s w e r e i m m e r s e d i n l i q u i d 

n i t r o g e n and opened. The c o n t e n t s were c a r e f u l l y p o u r e d 

i n t o a c l e a n 10 cm^ r o u n d b o t t o m f l a s k and t h e 
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h y d r o l y s a t e e v a p o r a t e d t o d r y n e s s on a r o t a r y f i l m 

e v a p o r a t o r . The b a t h t e m p e r a t u r e f o r t h e e v a p o r a t i o n 

p r o c e s s was 50'C. F i n a l t r a c e s o f m o i s t u r e a n d a c i d w e r e 

r e m o v e d by vacuum d e s i c c a t i o n o v e r p o t a s s i u m h y d r o x i d e 

f o r a t l e a s t 15 h o u r s . . F o l l o w i n g t h e r e l e a s e o f t h e 

vacuum, 1 cm3 o f u l t r a p u r e w a t e r was a d d e d t o t h e r o u n d 

b o t t o m e d f l a s k a nd a 500 miv? a l i q u o t r emoved a n d a n a l y s e d 

f o r a m i n o a c i d c o n t e n t . 

3.12. C o n c l u s i o n . 

The e x p e r i m e n t s o u t l i n e d a b o v e show t h a t t h e most 

g e n e r a l l y u s e d m e t h o d o f sea w a t e r h y d r o l y s i s i . e . 

r e f l u x i n g a t a t m o s p h e r i c p r e s s u r e w i l l o n l y g i v e 

r e l i a b l e r e s u l t s a t a p r o t e i n l e v e l o f a p p r o x i m a t e l y 

I x l O - ^ g / c m ^ , w h i c h i s f a r i n e x c e s s o f t h a t f o u n d i n 

s e a w a t e r . A t t h e l o w l e v e l s f o u n d i n s e a w a t e r t h e r e f l u x 

m e t h o d i s u n r e l i a b l e e.g. t h e r e c o v e r y o f f r e e a.a. a t 

0.362 uM i s 26 p e r c e n t . T h i s i s due t o a c o m b i n a t i o n o f 

d e g r a d a t i o n a n d c o n t a m i n a t i o n . The e v a c u a t e d s e a l e d t u b e 

m e t h o d g i v e s an a v e r a g e r e c o v e r y o f 87 p e r c e n t f o r f r e e 

a m i n o a c i d s a t t h e 0.362 uM l e v e l and a 6 1 p e r c e n t 

r e c o v e r y o f amino a c i d s f r o m a p r o t e i n a t t h e 

3x10- g/cm3 l e v e l . 
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CHAPTER 4. 

THE METHODOLOGY FOR SIZING THE COMBINED AMINO ACID 
FRACTION. 

4 . 1 . I n t r o d u c t i o n . 

A num.ber o f d i f f e r e n t t e c h n i q u e s a r e a v a i l a b l e f o r 

t h e s i z i n g o f o r g a n i c m a t e r i a l i n sea w a t e r . T h e s e a r e , 

a b s o r p t i o n o n t o o r g a n i c r e s i n s ( u s e d f o r h u m i c a c i d s ) , 

r e v e r s e o s m o s i s , g e l e x c l u s i o n c h r o m a t o g r a p h y , 

f i l t r a t i o n , u l t r a f i l t r a t i o n a n d u l t r a c e n t r i f u g a t i o n . The 

most commonly u s e d m e t h o d i s u l t r a f i l t r a t i o n s e e T a b l e 

4 . 1 . 
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T a b l e 4 . 1 . The T e c h n i q u e s Used By P r e v i o u s W o r k e r s To 
S i z e O r g a n i c s I n S e a w a t e r , And The S i z e C l a s s e s 
I n v e s t i g a t e d . 

R e f e r e n c e 

S h a r p , 1973. 

M a u r e r , 1976 

Ogura, 1977 

L a n c e l o t , 1984 

S h o j i e t a l . , 1 9 8 4 

C a r l s o n e t a l . , 1 9 8 5 

S u z u k i & S u g i m u r a 
1985 

T e c h n i q u e . 

U l t r a f i l t r a t i o n 

U l t r a f i l t r a t i o n 

U l t r a f i l t r a t i o n 

U l t r a f i l t r a t i o n 

U l t r a f i l t r a t i o n 

U l t r a f i l t r a t i o n 

G e l f i l t r a t i o n 

S i z e c l a s s e s 
i n v e s t i g a t e d . 

0.8 urn 
0.025 urn 
0.00 3 um 

1,000 
10,000 

100,000 

500-100,000 

500 d 

1,000 
10 , 000 

100,000 

500 
5, 000 

10,000 
20,000 
50,000 

<700 
700-30 ,000 

30,000-70,000 
70,000-150,000 

>150,000 

A s t i r r e d u l t r a f i l t r a t i o n u n i t was a v a i l a b l e f o r use 

i n t h i s p r o j e c t . The m a i n p r o b l e m a s s o c i a t e d w i t h 

u l t r a f i l t r a t i o n i s c o n c e n t r a t i o n p o l a r i z a t i o n . T h i s i s 

due t o a l a y e r s e v e r a l m o l e c u l e s t h i c k b u i l d i n g up on t h e 

s u r f a c e o f t h e f i l t e r , e f f e c t i v e l y c r e a t i n g a s e c o n d 

f i l t e r , w h i c h c a n s e v e r l y a f f e c t t h e s i z e o f m o l e c u l e s i n 

t h e f i l t r a t e . T h i s p r o b l e m i s o v e r c o m e by a g i t a t i o n o f 

t h e s o l u t i o n . U l t r a f i l t r a t i o n c e l l s t h a t e m p l o y a s t i r r e r 

b a r as a g i t a t o r c a n c a u s e m i c r o s c o p i c damage t o che 

f i l t e r , w h i c h i n t u r n can a f f e c t p o r e s i z e . T h e r e f o r e t h e 

p r e f e r r e d m e t h o d o f u l t r a f i l t r a t i o n i s t a n g e n t i a l f l o w , 
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w h i c h has .no d e s t r u c t i v e e f f e c t on t h e f i l t e r . 

I n t a n g e n t i a l f l o w t h e r e a r e two p r o c e s s e s o c c u r i n g 

i n t h e f i l t e r h e a d . A s m a l l p o s i t i v e p r e s s u r e c a u s e s t h e 

l i q u i d t o be f i l t e r e d , w h i l s t , a t t h e same t i m e , t h e 

s o l u t i o n b e i n g f i l t e r e d sweeps away any b u i l d up o f 

l a r g e m o l e c u l e s , as i t f l o w s a c r o s s t h e s u r f a c e o f t h e 

f i l t e r membrane, a n d t h e r e b y r e m o v e s any e f f e c t o f 

c o n c e n t r a t i o n p o l a r i z a t i o n . The f l o w has no h a r s h 

p h y s i c a l e f f e c t on t h e f i l t e r and d o e s n o t c a u s e damage 

t o t h e d e l i c a t e membrane. F i g . 4.1 i l l u s t r a t e s t h e 

p r i n c i p a l o f t a n g e n t i a l f l o w . 

Due t o t h e p r o b l e m s o u t l i n e d a b o v e t h e s t i r r e d 

u l t r a f i l t r a t i o n u n i t ' w a s n o t u s e d . However no money was 

a v a i l a b l e f o r a t a n g e n t i a l f l o w u n i t a nd t h e r e f o r e t h e 

c h e a p e r , b u t w e l l e s t a b l i s h e d t e c h n i q u e o f 

u l t r a c e n t r i f u g a t i o n was u s e d as an a l t e r n a t i v e s i z i n g 

m e t h o d . 

4.2. M e t h o d s Of U l t r a c e n t r i f u q a t i o n . 

Two t y p e s o f u l t r a f i l t e r s w e r e u s e d . T h e s e w e r e 

C e n t r i f l o membrane c o n e s CFLS: R e t e n t i o n c u t o f f 25,000 

and C e n t r i c o n - 1 0 m i c r o c o n c e n t r a t o r s w i t h a c u t o f f a t 

1 0 , 0 0 0 . B o t h t h e s e p r o d u c t s w e r e s u p p l i e d by A m i c o n . The 

t w o a m i c o n p u b l i c a t i o n s d e a l i n g w i t h t h e u s e o f t h e s e 

u n i t s a r e Pub. I-122G f o r c e n t r i f l o c o n e s and Pub. I-259C 

f o r m i c r o c o n c e n t r a t o r s . 
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Flow of 
sol ufion 
being 
f i l tered 

small posiMve pressure 

^ M o l e c u l e larger 
t- ha n molecular 
we i ghr cut off 

^irMolecule less 
^ fha n molecu la,r 

- weight cut Off 

Cilte r membrane 

f i l t r a t e 

Fig 4.1 Diagram [llustrating The Theory Of Tangential 
Flow Ultrafiltration. 



4 . 2 . 1 . Use Of C e n t r i f l o Cones. 

A s i z e d e t e r m i n a t i o n c o n s i s t e d o f a p r e l i m i n a r y 

w a s h i n g o f t h e c o n e , a b l a n k d e t e r m i n a t i o n f o r c o m b i n e d 

amino a c i d s , f o l l o w e d by c e n t r i f u g a t i o n o f a sea w a t e r 

s a m p l e w i t h a s i m i l a r a n a l y s i s . E x p e r i m e n t a l d e t a i l s o f 

t h i s p r o c e s s w e r e as f o l l o w s . 

Two c o n e s were s o a k e d o v e r n i g h t i n u l t r a p u r e w a t e r 

i n an a c i d washed c o v e r e d c o n t a i n e r . The c o n e s w e r e t h e n 

t r a n s f e r r e d t o t h e i r a c i d washed s u p p o r t s w h i c h w e r e 

f i t t e d i n t o s i m i l a r l y w a shed c e n t r i f u g e t u b e s , see F i g . 

4.2. 7 cm^ o f u l t r a p u r e w a t e r were p l a c e d i n t h e cone 

u s i n g an a l l g l a s s s y r i n g e . The cone a s s e m b l y i . e . c o n e , 

s u p p o r t and t u b e w e r e p l a c e d i n a c e n t r i f u g e a n d s p u n a t 

2,000 r.p..'n. f o r 20 m i n s . The w a t e r p a s s e d t h r o u g h t h e 

cone i n t o t h e c e n t r i f u g e t u b e , c a r r y i n g w i t h i t any 

m o l e c u l e s l e s s t h a n m o l e c u l a r w e i g h t 2 5 , 0 0 0 . ( A l l 

m o l e c u l e s o f g r e a t e r w e i g h t b e i n g r e t a i n e d i n t h e c o n e ) . 

The w a t e r was d i s c a r d e d and t h e p r o c e s s r e p e a t e d a n o t h e r 

t w o t i m e s u s i n g u l t r a p u r e w a t e r . On t h e t h i r d s p i n n i n g o f 

t h e c o n e s 1 cm^ o f t h e w a t e r f r o m t h e c e n t r i f u g e t u b e was 

t a k e n f o r h y d r o l y s i s a n d s e r v e d as a s i z i n g p r o c e d u r a l 

b l a n k . H y d r o l y s i s b e i n g b y t h e e v a c u a t e d s e a l e d t u b e 

t e c h n i q u e d e s c r i b e d i n c h a p t e r 3. 

The c e n t r i f u g a t i o n t h r o u g h t h e c o n e s was t h e n 

r e p e a t e d u s i n g 7 cm^ o f 0.22 urn f i l t e r e d s ea w a t e r . 1 cm^ 

o f t h e s p u n sea w a t e r was r e m o v e d f r o m t h e c e n t r i f u g e 

t u b e and h y d r o l y s e d . 
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Membrane Cone 
(inert, non-cellutoslc poly­
mer Umlnated on tough. 
Inert substrate) 

Conical Support. CS1A 
(polyethylene) 

Tube. CT1 (polycarbonate) 

Fig 4.2 A Diagram Il lustrating The Amicon Centriflo Cone 
For Ultrafiltration, (nominal value 25.000 M.W.). 

SAMPLE 
R£S£RVOA 

CENTRIFUQAL 
FORCE • 

CONCENTTUTEO 
. SAMPLE 
(RETEMTATO 

nUTRATE 
CUP 

MEMBRANE 

MEMBRANE 
SUPPORT 

BASE 

O R M O 

RLTRATE 

Fig 4.3 A Diagram Of The Amicon Centr icon- lO For 
Ultrafiltration, (nominal value 10.000 M.W.). 



4.2.2. Use Of C e n t r i c o n - 1 0 M i c r o c o n c e n t r a t o r . 

Two c e n t r i c o n - 1 0 s y s t e m s w e r e a s s e m b l e d as shown i n 

F i g . 4.3. 1 cm^ o f u l t r a p u r e w a t e r was p l a c e d i n t h e 

s a m p l e r e s e r v o i r t h e m o u t h o f w h i c h was c o v e r e d w i t h t h e 

r e t e n t a t e c u p . The c e n t r i c o n -10's w e r e s p u n f o r 20 m i n s 

a t 3 0 00g. The w a t e r p a s s e d t h r o u g h t h e mem.brane i n t o t h e 

f i l t r a t e c u p . A l l m o l e c u l e s , m o l e c u l a r w e i g h t , l e s s t h a n 

10,000 e n t e r t h e f i l t r a t e c u p , w h i l e m o l e c u l e s l a r g e r 

t h a n 10,000 s t a y i n t h e s a m p l e r e s e r v o i r . The c u p was 

r e m o v e d and t h e w a t e r d i s c a r d e d , t h e f i l t r a t e c u p was 

t h e n r e p l a c e d and t h e p r o c e s s r e p e a t e d t w i c e more u s i n g 

p u r e w a t e r . On t h e t h i r d c e n t r i f u g a t i o n t h e 1 cm^ o f 

w a t e r was t a k e n f o r h y d r o l y s i s i . e . a s i z i n g p r o c e d u r a l 

b l a n k . 1 cm^ o f 0.22 um f i l t e r e d s ea w a t e r was t h e n 

c e n t r i f u g e d as d e s c r i b e d a b o v e and s u b s e q u e n t l y 

h y d r o l y s e d u s i n g t h e e v a c u a t e d s e a l e d t u b e m e t h o d . 

4.3. S i z i n g P r o c e d u r a l B l a n k s . 

S i z i n g p r o c e d u r a l b l a n k s (SPB) w e r e r u n t o m o n i t o r 

t h e l e v e l s o f c o n t a m i n a t i o n i n t r o d u c e d d u r i n g t h e s i z i n g 

p r o c e s s . F o r t h e c e n t r i f l o t u b e s a v e r a g e SPB*s were 0.8 

uM w h i l e t h e c e n t r i c o n - 1 0 g a v e l e v e l s o f 0.4 uM. 

4.4. T r e a t m e n t Of R e s u l t s . 

S i z i n g t h e d i s s o l v e d c o m b i n e d a m i n o a c i d f r a c t i o n by 

t h e t w o t e c h n i q u e s d e s c r i b e d a b o v e w i l l p r o d u c e d a t a f r o m 

w h i c h t h e p e r c e n t a g e o f t h e c o m b i n e d a m i n o a c i d s 
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s m a l l e r Chan the nominal m.w. c u t o f f of the f i l t e r can 

be fo u n d . To d e t e r m i n e t h i s p e r c e n t a g e s e v e r a l s t e p s a r e 

necessary and these are o u t l i n e d below u s i n g a r b i t a r y 

v a l u e s as an i l l u s t r a t i o n o f t h e d a t a needed and t h e 

c a l c u l a t i o n s used. 

The f i r s t s t e p i s the a n a l y s i s o f the d i s s o l v e d f r e e 

amino a c i d c o n t e n t of the seawater sample (DFAA). 

Subsequent h y d r o l y s i s of the seawater sample f o l l o w e d by 

amino a c i d a n a l y s i s g i v e s t h e t o t a l amino a c i d l e v e l s 

i . e . f r e e p l u s combined amino a c i d s i n the wa t e r (TAA). 

S u b t r a c t i o n o f the p r o c e d u r a l b l a n k f o r the e x p e r i m e n t 

g i v e s an a d j u s t e d t o t a l amino a c i d l e v e l . ( T A A ' ) . 

TAA - PB = a d j u s t e d TAA (TAA*) 

The h y d r o l y s i s of the s i z e d f r a c t i o n g i v e s t h e TAA l e v e l s 

l e s s t h a n e.g 25,000 (STAA) a g a i n t h e r e l e v a n t s i z e d 

p r o c e d u r a l b l a n k (SPB) i s s u b t r a c t e d (STAA') Having 

a c q u i r e d a l l t h e r e l e v a n t d a t a t h e p e r c e n t a g e o f combined 

amino a c i d s l e s s than 25,000 can be c a l c u l a t e d : as an 

example c o n s i d e r t h e f o l l o w i n g , i f 

DFAA = 0.5 uM 

TAA = 2.5 uM 

PB = 0.5 uM 

Then TAA'= 2.0 uM 

Als o i f , 
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STAA = 1.5 uM 

SPB = 0.5 uM 

Then STAA'= 1.0 uM 

Free amino a c i d s have a m o l e c u l a r w e i g h t of che 

o r d e r o f 100 and w i l l t h e r e f o r e appear i n b o t h the STAA' 

and TAA' f i g u r e s . To f i n d t h e c o n c e n t r a t i o n o f combined 

amino a c i d s (CAA) o n l y the DFAA l e v e l s a r e s u b t r a c t e d 

from b o t h s e t s of f i g u r e s : 

TAA'-DFAA = 2.0-0.5 = 1.5 uM CAA' 

STAA'- DFAA = 1.0-0.5 = 0.5 urn SCAA' 

% of CAA < 25,000 = SCAA'/CAA'x 100 = 

0.5/1.5 X 100 = 33 % o f CAA < 25,000 m.w. 

Thus i n t h i s example 33 percent- o f t he combined amino 

a c i d s would have a m o l e c u l a r w e i g h t l e s s t h a n 25,000, 

4.5. S i z i n g Bovine Serum A l b u m i n (BSA) To Test The 

R e t e n t i o n Of The C e n t r i f l o Cones. 

Bovine Serum Albumin has a m o l e c u l a r w e i g h t o f 

a p p r o x i m a t e l y 67,000 and t h e r e f o r e s h o u l d n o t pass 

t h r o u g h t h e c e t r i f l o cones w i t h m o l e c u l a r w e i g h t c u t o f f 

of 25,000. T h i s was t e s t e d as f o l l o w s ; d u p l i c a t e samples 

of a BSA s o l u t i o n were p l a c e d i n two c e n t r i f l o cones as 

d e s c r i b e d f o r p r o c e d u r a l b l a n k s and sea wat e r samples. 

The p r o t e i n s o l u t i o n s were spun and the f i l t r a t e s 

o b t a i n e d h y d r o l y s e d by t he evacuated s e a l e d cube 

t e c h n i q u e . Recovery o f amino a c i d s from the p r o t e i n i n 
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Che f i l t r a t e were 10 and 3 p e r c e n t . T h e r e f o r e 90 and 92 

p e r c e n t of the p r o t e i n was r e t a i n e d w i t h i n t h e cones. 

T h i s compares w e l l w i t h t h e amicon company v a l u e s f o r 

r e t e n t i o n f o r BSA o f >90 p e r c e n t . The r e s u l t s of the 

s i z i n g e x p e r i m e n t s d e s c r i b e d above can be found i n 

Chapter 5 C o a s t a l R e s u l t s . 
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CHAPTER 5. 
SEASONAL LEVELS AND COMPOSITION OF DISSOLVED FREE AMD . 

DISSOLVED COMBINED AMINO ACIDS IN LOCAL COASTAL WATERS.. 

5.1. I n t r o d u c t i o n . 

B e f o r e p r e s e n t i n g t h e r e s u l t s o f t h e s e a s o n a l s u r v e y 

of t h e d i s s o l v e d combined and d i s s o l v e d f r e e amino a c i d s 

i n c o a s t a l w a t e r s i t i s necessary t o c o n s i d e r some 

f a c t o r s r e l e v a n t t o t h e s t r a t e g y f o r c o l l e c t i o n and 

i n t e r p r e t a t i o n o f e n v i r o n m e n t a l d a t a . 

I n a n a l y t i c a l c h e m i s t r y much emphasis i s p l a c e d on 

o b t a i n i n g a r e p r e s e n t a t i v e sample o f t h e m a t e r i a l under 

i n v e s t i g a t i o n and t h e r e a r e numerous t e x t s w h ich d e a l 

w i t h t h e m e t h o d o l o g i e s employed f o r d i f f e r e n t t y p e s o f 

sample t o ac h i e v e t h i s r e s u l t . ( A l l e n e t a l . 1974, Reid 

1981, Beyermann 1 9 8 4 ) . I n t h e case o f a dynamic system 

such as the oceans t h e r e i s a d i f f i c u l t y i n me a s u r i n g t h e 

l e v e l s o f m i c r o n u t r i e n t s due t o f a c t o r s such as 

p a t c h i n e s s o f d i s t r i b u t i o n , w a t e r movement, p r o d u c t i o n 

or consumption o f t h e a n a l y t e , t i j n e o f t h e y e a r , t i m e o f 

day, t u r b i d i t y , t h e l e v e l o f b i o l o g i c a l a c t i v i t y and t h e 

l o c a t i o n . Changes o f t h e sample once c o l l e c t e d due t o the 

l a b i l e n a t u r e o f d i s s o l v e d f r e e amino a c i d s and t h e 

p o s s i b i l i t y o f c o n t a i n m e n t e f f e c t s e t c . i s a n o t h e r 

d i f f i c u l t y e n c o u n t e r e d when d e a l i n g w i t h e n v i r o n m e n t a l 

samples. The problems o u t l i n e d above mean t h a t t h e 

concept o f a " r e p r e s e n t a t i v e sample" cannot be s t r i c t l y 

a p p l i e d i n s t e a d t h e r e s u l t o f an a n a l y s i s may be b e s t 
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No. of 
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F i g 5 .1a Number of Samples A n a l y s e d for D F A A per Month 

No. of 
Samples 

J u n J u l Aug Sep O c t Nov Dec J a n F e b Mar Ap r May 
1986 1 9 8 7 

F i g 5.1b Number of Samples A n a l y s e d for D C A A per Month 
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amino a c i d s and the r e l a t i o n s h i p between the t o t a l amino 

a c i d s ( f r e e p l u s combined) and the t o t a l d i s s o l v e d 

n i t r o g e n and d i s s o l v e d o r g a n i c n i t r o g e n . 

4. The p e r c e n t a g e amino a c i d c o m p o s i t i o n o f t h e f r e e and 

combined f r a c t i o n s . 

5. The m o l e c u l a r s i z e of t h e d i s s o l v e d combined amino 

a c i d f r a c t i o n . 

I n o r d e r t o examine t h e f i v e areas l i s t e d above, the 

raw d a t a has been c o n v e r t e d t o g r a p h s , h i s t o g r a m s , p i e 

c h a r t s and t a b l e s , depending upon which was the most 

a p p r o p r i a t e form o f d a t a p r e s e n t a t i o n f o r t h e t o p i c under 

d i s c u s s i o n . Appendix I I I d e t a i l s t h e c a l c u l a t i o n s used t o 

c o n v e r t t h e d a t a t o the r e l e v a n t graphs and c h a r t s . 

The c h a p t e r f i n i s h e s w i t h a d i s c u s s i o n ( s e c t i o n 5.9) 

of the s a l i e n t p o i n t s of t h e e n v i r o n m e n t a l r e s u l t s . 

5.3 R e s u l t s . 

5.3.1. 

The average c o n c e n t r a t i o n s and range o f t h e f r e e and 

combined a c i d s observed d u r i n g t h e s a m p l i n g p e r i o d a r e 

g i v e n Table 5.1, 
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T a b l e . 5.1 The Range, Average C o n c e n t r a t i o n s , 
C o - e f f i c i e n t of V a r i a t i o n (CV) and Number o f Samples 
Anal y s e d (n) f o r t h e D i s s o l v e d Free and Combined Amino 
Aci d s Over the Sampling P e r i o d . 

D i s s o l v e d f r e e D i s s o l v e d combined 
amino a c i d s amino a c i d s . 

Range. BLD - 9.372 (uM). 0,246 - 6.741 (uM). 

Average. 0.403 (uM) . 1.700 (uM) . 

CV 113 27 

n 295 158 

BLD= below t h e l i m i t s o f d e t e c t i o n o f the method. See 
c h a p t e r 2. 

Comparison o f t h e r e s u l t s f o u n d i n t h i s s t u d y ( T a b l e 

5.1), w i t h those of p r e v i o u s w o r k e r s , can be f o u n d i n t h e 

d i s c u s s i o n s e c t i o n (5.9) a t t h e end o f the c h a p t e r . The 

l e v e l s o f d i s s o l v e d combined amino a c i d s f o u n d i n t h i s 

s t u d y a r e a p p r o x i m a t e l y 4 t i m e s t h o s e o f t h e f r e e amino 

a c i d s . Thurman (1986) a t t r i b u t e s t h e d i f f e r e n c e i n 

l e v e l s t o the d i s s o l v e d f r e e amino a c i d s b e i n g removed by 

m i c r o b i a l a c t i v i t y . 

Graphs o f t h e average c o n c e n t r a t i o n f o r t o t a l 

d i s s o l v e d f r e e and combined amino a c i d s f o r each b a t c h o f 

samples c o l l e c t e d o v e r t h e s a m p l i n g p e r i o d a r e g i v e n i n 

F i g . 5.3 ( a + b ) . 

The graphs o f d i s s o l v e d f r e e and d i s s o l v e d combined 

amino a c i d c o n c e n t r a t i o n s show f l u c t u a t i o n s i n l e v e l s 

over t h e s a m p l i n g p e r i o d , w h i c h a r e p a r t i c u l a r l y 

n o t i c e a b l e f o r t h e f r e e a c i d f r a c t i o n ( F i g . 5.3a). 

The v a r i a t i o n of each d a t a p o i n t i s shown 

g r a p h i c a l l y by a v e r t i c a l l i n e drawn t o s c a l e . The 
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r e s u l t s f o r t h e combined amino a c i d s show much l e s s 

v a r i a t i o n {CV=27), than those f o r t h e f r e e a c i d s 

{CV=113). Futhermore h i g h l e v e l s o f f r e e a c i d s have l e s s 

v a r i a b i l i t y t h a n low l e v e l s . From c h a p t e r two, i t can be 

seen chat t h e p r e s i c i o n of t h e a n a l y t i c a l t e c h n i q u e 

improves w i t h i n c r e a s i n g c o n c e n t r a t i o n s . The d i s s o l v e d 

f r e e amino a c i d s v a r y i n l e v e l s f r o m a p p r o x i m a t e l y 1 uM 

t o below Che l i m i t s of d e t e c t i o n . As many o f che 

d i s s o l v e d f r e e amino a i d s l e v e l s found i n the 

e n v i r o n m e n t a l samples are v e r y c l o s e t o Che l i . m i t s o f 

d e t e c t i o n f o r the a n a l y t i c a l method t h e r e i s a l a r g e 

c o - e f f i c i e n t o f v a r i a t i o n f o r t h e f r e e amino a c i d 

f i g u r e s . There i s t h e r e f o r e a problem i n che 

i n t e r p r e t a t i o n of che d i s s o l v e d f r e e amino a c i d d a t a i n 

t h a t t h e v a r i a b i l i t y found f o r t h i s f r a c t i o n , i s r e l a t e d 

t o b o t h t h e a n a l y t i c a l t e c h n i q u e , as w e l l as co t h e 

be h a v i o u r o f t h e f r e e a c i d s i n t h e e n v i r o n m e n t . 

A summary o f t h e f r e e and combined a c i d l e v e l s on a 

monthly b a s i s can be seen i n Fig.5.4 ( a + b ) . 

5.3.2 I n d i v i d u a l Amino A c i d L e v e l s i n t h e Free and 

Combined F r a c t i o n Over the Sampling P e r i o d . 

Graphs o f t h e average b a t c h c o n c e n t r a t i o n f o r 

i n d i v i d u a l amino a c i d s over t h e s a m p l i n g p e r i o d can be 

seen i n F i g . 5.5a-5.19a f o r t h e f r e e a c i d s and F i g . 

5.5b-5.19b f o r t h e combined amino a c i d s . 
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T h r e e d i s t i n c t p a t t e r n s a r e o b s e r v e d f o r i n d i v i d u a l 

amino a c i d s i n t h e f r e e f r a c t i o n . F i r s t l y , t h o s e amino 

a c i d s w h i c h a r e p r e s e n t o v e r most of t h e s a m p l i n g p e r i o d ; 

t h e s e a c i d s e x h i b i t a s e a s o n a l t r e n d h a v i n g l o w e r l e v e l s 

between O c t o b e r 1986 and J a n u a r y 1987. A c i d s s h o w i n g t h i s 

p a t t e r n a r e a s p a r t i c , g l u t a m i c , s e r i n e , a l a n i n e and 

g l y c i n e ( F i g . 5.5a, 5.6a, 5.7a, 5.9a" and 5 . 1 2 a ) . A l l 

t h e s e a c i d s w i t h t h e e x c e p t i o n of g l u t a m i c a r e s m a l l 

m o l e c u l e s i . e . t h e y have low m o l e c u l a r w e i g h t s ( D o o l i t t l e 

1 9 8 5 ) . Andrews and W i l l i a m s (1971)',. s t a t e t h a t low 

m o l e c u l a r w e i g h t compounds y i e l d l e s s e n e r g y on 

r e s p i r a t i o n t h a n t h o s e of h i g h m o l e c u l a r w e i g h t . B o l t e r 

and Dawson (1982) b e l i e v e t h a t a s p a r t i c , g l u t a m i c , 

s e r i n e , g l y c i n e and a l a n i n e , r e p r e s e n t the " l e f t o v e r s " 

of b i o l o g i c a l p r o c e s s e s s u b s e q u e n t t o r e l e a s e . (The 

r e s u l t s f o r March and A p r i l 1986 a r e b a s e d on v e r y few 

a n a l y s e s and a r e t h e r e f o r e n o t i n c l u d e d i n t h i s 

d i s c u s s i o n . F i g . 5 . 1 . ) . 

The s e c o n d s e t o f f r e e amino a c i d s i s o n l y p r e s e n t 

a t t i m e s of h i g h t o t a l f r e e amino a c i d c o n c e n t r a t i o n s , i n 

May, August, September 1986 and March 1987. T h i s p a t t e r n 

i s shown by h i s t i d i n e , t h r e o n i n e , p h e n y l a l a n i n e , 

a r g i n i n e , l e u c i n e and l y s i n e . ( F i g . 5 . 8 a , 5.10a, 5.11a, 

5.16a, 5.17a and 5 . 1 9 a ) . A l l t h e s e a c i d s w i t h , t h e 

e x c e p t i o n of t h r e o n i n e a r e l a r g e r m o l e c u l e s . { D o o l i t t l e 

1 9 8 5 ) . The low l e v e l s of a r o m a t i c compounds i n t h e f r e e 

f r a c t i o n were n o t e d by Daumas (1976) and Thurman (1986) . 

L a s t l y , some of t h e amino a c i d s a r e n e v e r found i n 

s e a w a t e r s a m p l e s , t h e s e a r e m e t h i o n i n e and a s p a r a g i n e . 

Daumas (1976) comments on t h e a b s e n c e o f s u l p h u r 
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c o n t a i n i n g amino a c i d s from che f r e e s p e c t r u m . T h e r e a r e 

cwo p o s s i b l e r e a s o n s f o r t h e a b s e n c e of m e t h i o n i n e and 

a s p a r a g i n e from the d i s s o l v e d f r e e amino a c i d s p e c t r u m . 

F i r s t l y , t h e y a r e not p r e s e n t i n or a r e not r e l e a s e d from 

the p h y t o p l a n k t o n c e l l s . S e c o n d l y , the a c i d s a r e r e l e a s e d 

but a r e r a p i d l y removed from the s e a w a t e r . E x p e r i m e n t s 

d e t a i l e d i n c h a p t e r 8, show t h a t both m e t h i o n i n e and 

a s p a r a g i n e a r e p r e s e n t i n w a t e r c o n t a i n i n g c o n c e n t r a t i o n s 

of p h y t o p l a n k t o n c e l l s . 

F o r t h e combined amino a c i d f r a c t i o n t h e s e a s o n a l 

p a t t e r n s of i n d i v i d u a l a c i d s a r e not as pronounced as 

t h o s e f o r the f r e e f r a c t i o n . However, some a c i d s of the 

combined f r a c t i o n have l o w e r l e v e l s between O c t o b e r and 

J a n u a r y . T h e s e a c i d s a r e a s p a r t a t e , h i s t i d i n e and 

t h r e o n i n e . ( F i g . 5.5b, 5.8b and 5 . 1 0 b ) . 

5 . 4 . R e l a t i o n s h i p Between F r e e and Combined Amino A c i d 

L e v e l s and t h e R e l a t i o n s h i p of T o t a l Amino A c i d L e v e l s 

( f r e e p l u s combined) t o T o t a l D i s s o l v e d N i t r o g e n and 

D i s s o l v e d O r g a n i c N i t r o g e n . 

5.4.1 R e l a t i o n s h i p of d i s s o l v e d f r e e amino a c i d s to 

d i s s o l v e d combined amino a c i d s . 

T a b l e 5.2 below l i s t s the v a l u e s f o r t h e monthly 

r a t i o of DCAA/DFAA l e v e l s from June 1986 t o May 1987. 

T h i s d a t a i s p r e s e n t e d g r a p h i c a l l y i n F i g . 5 . 2 0 . 
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Fig 5.20 The Relationship Between DCAA and DFAA. 
June 1986 - May 1987 



T a b l e 5.2 The monchly r a t i o of d i s s o l v e d combined amino 
a c i d s to d i s s o l v e d f r e e amino a c i d s ( d a t a from appendix 
1) . 

Month DCAA/DFAA 

Jun 6 
J u l 11 
Aug 15 
Sep 4 
Oct 34 
Nov 21 
Dec 36 
J a n 22 
Feb 27 
Mar 2 
Apr 3 4 
May 34 

From an i n s p e c t i o n of t a b l e 5.2 and F i g . 5.20 i t can 

be s e e n t h a t the r a t i o of combined to f r e e a c i d s v a r i e s 

w i d e l y o v e r the s e a s o n . The r a t i o i s h i g h e r d u r i n g t i m e s 

of low f r e e amino a c i d s l e v e l s ( O c t o b e r to J a n u a r y and 

A p r i l t o May). The p o s s i b l e r e a s o n s f o r t h e change i n the 

r a t i o a r e d i s c u s s e d i n s e c t i o n 5.7. 

5.4.2. R e l a t i o n s h i p of T o t a l D i s s o l v e d Amino A c i d s to 

T o t a l D i s s o l v e d N i t r o g e n . 

F i g u r e 5.21a below shows the monthly t o t a l d i s s o l v e d 

n i t r o g e n (TDN) l e v e l s f o r a s e a s o n , r e d r a w n from B u t l e r 

e t a l . ( 1 9 7 9 ) . F i g . 5.21b p r e s e n t s g r a p h i c a l l y the 

p e r c e n t a g e of t o t a l d i s s o l v e d n i t r o g e n p r e s e n t a s t o t a l 

d i s s o l v e d amino a c i d s (TAA, f r e e p l u s c o m b i n e d ) . I t can 

be s e e n from F i g . 5.21b t h a t the TDN p r e s e n t as amino 

a c i d s r a n g e s from 12 to 32 p e r c e n t . N a g e l & Liemann 

(1987) s t a t e t h a t a p p r o x i m a t e l y 28% of t h e TDN i s p r e s e n t 
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Fig 5.21a Total Dissolved Nitrogen in the Waters of the 
Western English Channel, (redrawn from Butler ec at. 
1979), 
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Fig 5.21b The Percentage of Total Dissolved Nitrogen 
Which Can Be .Accounted for by Total Dissolved Amino 
Acids. June 1986 - May 1987 



a s t o t a l amino a c i d s ( f r e e p l u s combined) 

The f i g u r e s quoted above, f o r t h i s s t u d y , a r e 

however, l i k e l y to be an o v e r e s t i m a t i o n of the 

p e r c e n t a g e of the t o t a l d i s s o l v e d n i t r o g e n a c c o u n t a b l e 

f o r by amino a c i d s . T h i s i s due to the f a c t t h a t the 

f i g u r e s i n B u t l e r e t a l . (1979) a r e the a v e r a g e f o r 

s t a t i o n E l , twenty m i l e s out i n the E n g l i s h c h a n n e l . TDN 

f i g u r e s f o r t h i s s t a t i o n a r e seldom i n e x c e s s of 12 uM 

n i t r o g e n . The c o a s t a l w a t e r s , a n a l y s e d i n t h i s s t u d y , can 

have c o n s i d e r a b l y h i g h e r v a l u e s than t h i s . U n f o r t u n a t e l y 

no measurement of t h e a c t u a l t o t a l d i s s o l v e d n i t r o g e n of 

the c o a s t a l s a m p l e s were made. . 

5.4.3 The P e r c e n t a g e Of D i s s o l v e d O r g a n i c N i t r o g e n (DON) 

P r e s e n t As T o t a l D i s s o l v e d Amino A c i d s ( F r e e P l u s 

Combined). 

The f i g u r e s f o r d i s s o l v e d o r g a n i c n i t r o g e n (DON) 

redrawn from B u t l e r e t a l . (1979) c a n be s e e n i n F i g . 

5.22a. The d a t a f o r the p e r c e n t a g e of the DON p r e s e n t a s 

t o t a l amino a c i d s , found i n t h i s s t u d y , o v e r a s e a s o n i s 

summarised i n F i g . 5.22b. The DON l e v e l s were not 

d i r e c t l y measured. I t can be s e e n from F i g . 5.22b t h a t 

the DON p r e s e n t as amino a c i d s r a n g e s from 13 to 65 

p e r c e n t . 

The d a t a of monthly a v e r a g e s f o r d i s s o l v e d f r e e and 

combined a c i d s (June 1986 to May 1987) were c o r r e l a t e d 

a g a i n s t t o t a l d i s s o l v e d n i t r o g e n , d i s s o l v e d o r g a n i c 

n i t r o g e n and o t h e r e n v i r o n m e n t a l f a c t o r s u s i n g the 

m i c r o t a b s t a t i s t i c a l p a ckage. The r e s u l t s of chese 
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Fig 5.22a Dissolved Organic Nitrogen In the Waters of 
the Western English Channel, (redrawn from Butler et al. 
1979). 
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Fig 5.22b The Percentage of Dissolved Organic Nitrogen 
Which Can Be Accounted for by Total Dissolved Amino 
Acids. June 1986 - May 1987 



c o r r e l a t i o n s can be f o u n d i n t he d i s c u s s i o n a t t h e end o f 

t h i s c h a p t e r . 

5 . 5 . Pe r cen t age C o m p o s i t i o n Data f o r I n d i v i d u a l D i s s o l v e d 

Free and D i s s o l v e d Combined Amino A c i d s . 

The p e r c e n t a g e c o m p o s i t i o n s f o r b o t h d i s s o l v e d f r e e 

and d i s s o l v e d combined amino a c i d s , on a m o n t h l y b a s i s , 

have been c a l c u l a t e d u s i n g d a t a f r o m a p p e n d i x I I and a r e 

g i v e n i n F i g . 5 . 2 3 - 5 . 3 7 . 

The d o m i n a n t amino a c i d s f o r t h e f r e e f r a c t i o n were 

a s p a r t i c , g l u t a m i c , • s e r i n e , g l y c i n e and a l a n i n e . 

V/hereas t h e d o m i n a n t a c i d s i n t h e combined f r a c t i o n were 

g l y c i n e , h i s t i d i n e , a s p a r t i c , g l u t a m i c , a l a n i n e and 

v a l i n e . 

From F i g . 5 . 2 7 b , i t can be seen t h a t t h e p e r c e n t a g e 

o f g l y c i n e , p r e s e n t i n t h e d i s s o l v e d combined amino a c i d 

f r a c t i o n , i s h i g h t h r o u g h o u t t h e ' y e a r r e a c h i n g 

e x c e p t i o n a l l e v e l s i n December and J a n u a r y (Maximum 

s i x t y f i v e p e r c e n t o f t o t o a l d i s s o l v e d combined amino 

a c i d s . ) . The p o s s i b i l i t y t h a t t h e c h r o m a t o g r a p h i c peak 

t h o u g h t t o be g l y c i n e c o u l d be an a r t e f a c t p r o d u c e d by 

t h e h y d r o l y s i s o f s e a w a t e r samples was i n v e s t i g a t e d . 

C o n t r o l e x p e r i m e n t s i n v o l v i n g c o - i n j e c t i o n o f g l y c i n e 

w i t h h y d r o l y s e d s e a w a t e r samples and s t u d i e s o f t h e 

p e r c e n t a g e r e c o v e r y o f G l y c i n e f r o m B o v i n e Serum 

A l b u m i n , ( c h a p t e r 3 ) , i n d i c a t e t h a t an a r t e f a c t was n o t 

p r e s e n t , and t h a t t h e c h r o m a t o g r a p h i c peak g e n u i n e l y 

r e p r e s e n t e d h i g h G l y c i n e l e v e l s . 

J o r g e n s e n ( 1 9 6 8 ) , d i s c u s s e s t h e a d a p t a t i o n o f 
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Fig 5.23a Monthly Percentage Composition of Asp. in the 
DFAA. Nov 1985 - May 1987. 
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Fig 5.23b Monthly Percentage Composition of Asp. in the 
DCAA. June 1986 - May 1987. 
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Fig 5.24a Monchly Percentage Composition of Glu. in the 
DFAA, Mov 1985 - May 1987. 
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Fig 5.24b Monthly Percentage Composition of Glu. in the 
DCAA. June 1986 - May 1987. 
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Fig 5.25a Monthly Percentage Composition of Ser. in the 
DFAA. Nov 1985 - May 1987. 
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Fig 5.25b Monthly Percentage Composition of Ser. in the 
DCAA. June 1986 - May 1987. 
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Fig 5.26a Monthly Percentage Composition of His. in the 
DFAA, Nov 1985 - May 1987. 
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Fig o.26b Monthly Percentage Composition of His. in the 
DCAA. June 1986 - May 1987. 
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Fie 5.27a Monthly Percentage Composition of Gly. in the 
DFAA. Nov 1985 - May 1987. 
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Fig 5.27b Monthly Percentage Composition of Gly. in the 
DCAA. June 1986 - May 1987. 
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Fig 5.28a Monthly Percentage Composition of Thr. In the 
DFAA, Nov 1985 - May 1987. 
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Fig 5.28b Monthly Percentage Composition of Thr. in the 
DCAA, June 1986 May 1987. 
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Fig 5.29a Monthly Percentage Composition of Arg. in the 
DFAA. Nov 1985 - May 1987. 
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Fig 5.29b Monthly Percentage Composition of Arg. in the 
DCAA, June 1986 - May 1987. 
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Fig 5.30a Monthly Percentage Composition of Ala. in the 
DFAA. Nov 1985 - May 1987. 

50-

48-

38-

28 

18^ 

uiwiiJ MTMI 
^ ' Jun J l y ' Rug Sep ' Oct ' Hov ' Dec Jan ' Feb Mar ' Apr May 

Fig 5.30b Monthly Percentage Composition of Ala. in the 
DCAA. June 1986 - May 1987. 
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Fig 5.31a Monthly Percentage Composition of Tyr. in the 
DFAA. Nov 1985 - May 1987, 
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Fig 5.31b Monthly Percentage Composition of Tyr. in the 
DCAA. June 1986 - May 1987. 
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Fig 5.32a Monthly Percentage Composition of Val. in the 
DFAA, Nov 1985 - May 1987. 
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Fig 5.32b Monthly Percentage Composition of Val. in the 
DCAA, June 1986 - May 1987. 
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Fig 5.33a Monthly Percentage Composition of Trp. and 
He. in the DFAA. Nov 1985 - May 1987. 
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Fig 5.33b Monthly Percentage Composition of Trp. and 
He. in the DCAA. June 1986 - May 1987. 
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Fig 5.34a Monthly Percentage Composition of Phe. in the 
DFAA. Nov 1985 - May 1987. 
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Fig 5.34b Monthly Percentage Composition of Phe. in the 
DCAA. June 1986 - May 1987. 
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Fig 5.35a Monthly Percentage Composition of Leu. in the 
DFAA. Nov 1985 - May 1987. 
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Fig 5.3ob Monthly Percentage Composition of Leu. in the 
DCAA. June 1986 - May 1987. 
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Fig 5.36a Monthly Percentage Composition of Orn. in the 
DFAA, Nov 1985 - May 1987. 
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Fig 5.36b Monthly Percentage Composition of Orn. in the 
DCAA, June 1986 - May 1987. 
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Fig 5.37a Monthly Percentage Composition of Lys. in the 
DFAA, Nov 1985 - May 1987. 

28 

15. 

°/o 
18^ 

5^ 

8 4 ^ 
Jun ' J ly ' Aug ' Sep ' Oct ' Hov ' Dec ' Jan ' Feb ' Mar ' Apr ' May ' ^ 

Fig 5.37b Monthly Percentage Composition of Lys. in the 
DCAA. June 1986 - May 1987. 



S k e l e tonen^a C o s t a turn to d e c r e a s e s i n t e m p e r a t u r e . At 

l o w e r t e m p e r a t u r e s the c e l l s i n c r e a s e t h e i r enzyme 

( p r o t e i n ) l e v e l s . The c e l l p r o t e i n a t 7"C b e i n g t w i c e 

t h a t a t 20"C. The i n c r e a s e i n g l y c i n e , c o u l d p o s s i b i l y be 

due t o a t e m p e r a t u r e a d a p t a t i o n , o r to s t o r a g e of g l y c i n e 

to p r o duce ammonia ( s e e s e c t i o n 5 . 7 . 5 ) . 

F i g u r e s 5.23 - 5.37 h i g h l i g h t t h e f a c t t h a t s e v e r a l 

of t h e m a j o r a c i d s d i s a p p e a r e d from the f r e e and/or 

combined f r a c t i o n s f o r s h o r t p e r i o d s of t i m e . T h e s e 

a c i d s were g l u t a m i c , g l y c i n e . , t h r e o n i n e , and t y r o s i n e . 

( F i g . 5.24a, 5.27a, 5.28b, 5.31a & b ) . T h e s e f i g u r e s a l s o 

h i g h l i g h t c h a n g e s i n p e r c e n t a g e c o m p o s i t i o n of amino 

a c i d s p r e s e n t i n s e a w a t e r a s t h e s e a s o n p r o g r e s s e d . The 

a v e r a g e p e r c e n t a g e amino a c i d c o m p o s i t i o n f o r a g i v e n 

month i s shown i n a s e r i e s of p i e c h a r t s F i g . 

5.38-5.56. 

T h e r e i s a p r o n o u n c e d s e a s o n a l change i n t h e 

c o m p o s i t i o n of t h e d i s s o l v e d f r e e amino a c i d f r a c t i o n . 

When t h e d i s s o l v e d f r e e amino a c i d l e v e l s a r e low, e.g. 

O c t o b e r 1986 t o J a n u a r y 1987 ( F i g . 5.49a to 5.52a) and 

A p r i l t o May 1987 ( F i g . 5.55a, 5 . 5 6 a ) , fewer amino a c i d s 

a r e p r e s e n t i n t h e s p e c t r u m . T h i s c a n be s e e n by 

c o m p a r i n g t h e p i e c h a r t s f o r O c t o b e r t o J a n u a r y and A p r i l 

t o May, w h i c h c o n t a i n 6 t o 10 a c i d s w i t h t h a t o f t h e f r e e 

amino a c i d f r a c t i o n i n March 1987 ( F i g . 5.54a) w h i c h h a s 

16 amino a c i d s i n t h e s p e c t r u m . P o s s i b l e r e a s o n s f o r t h e 

i n c r e a s e i n t h e d i s s o l v e d f r e e amino a c i d l e v e l s w i t h t h e 

c o n c o m i t a n t r i s e i n t h e number o f a c i d s p r e s e n t i n t h e 

s p e c t r u m a r e d i s c u s s e d a t t h e end of t h i s c h a p t e r . 

The d i s s o l v e d combined amino a c i d f r a c t i o n h a s a 
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DISSOLVED FREE AMINO ACIDS 
NOVEMBER 1985 SAMPLE 

Monthly % Composition 

14-3% 

33-7% 

GLU 
29-6% 

ASP 
7-1% 

ALA 
15-3% 

Fig 5.38 The DFAA Composition for Nov 1985. 



DISSOLVED FREE AMINO ACIDS 
DECEMBER 1985 SAMPLE 

Monthly % Composition 
SER 
51-0% 

GLY 
16-3% 

ASP 
11-2% 

TYR 
3-1% 

ALA 
18-4% 

Fig 5.39 The DFAA Composition for Dec 1985. 



DISSOLVED FREE AMINO ACIDS 
JANUARY 1986 SAMPLE 

Monthly % Composition 

GLU 
34-7% 

ASP 
37-8% 

ALA 
3-1% 

SER 
24-5% 

Fig 5.40 The DFAA Composition for Jan 1986, 



DISSOLVED FREE AMINO ACIDS 
FEBRUARY 1986 SAMPLE 

Monthly % Connposition 

38-4% 

10-1% 

12-1% 
GLY 
ia'2% 

Fig 5.41 The DFAA Composition for Feb 1986, 



DISSOLVED FREE AMINO ACIDS 
MARCH 1986 SAMPLE 

Monthly % Composition 
SER 

GLU 
1M% 

ASP 
7-1% 

47-5% 

Fig 5.42 The DFAA Composition for Mar 1986. 



DISSOLVED FREE AMINO ACIDS 
APRIL 1986 SAMPLE 

GLU 
36-4% 

SER 
16-2% 

HIS 
9-1% 

Monthly % Composition 

\ 

ASP 
9-1% 

ALA 
29-3% 

Fig 5.43 The DFAA Composition for Apr 1986 



DISSOLVED FREE AMINO ACIDS 
MAY 1986 SAMPLE 

Monthly % Composition 
SER 
29-0% 

GLY 
18-0% 

THR 
2-0% 

ARG 
2-0% 

GLU 
13-0% 

ASP 
7-0% 

LYS 
3-0% 

ORN 
6-0% 

LEU 
2-0% 

PHE 
2-0% 

VAL 
3-0% 

TYR 
3-0% 

ALA 
10-0% 

Fig 5.44 The DFAA Composition for May 1986, 



DISSOLVED FREE AMINO ACIDS 
JUNE 1986 SAMPLE 

Monthly % Composition 

SER 

25-8% 

10-3% 

12-4% 

Fit 5.45a The DPAA Composiiion for Jun 1986. 

DISSOLVED COMBINED AMINO ACIDS 
JUNE 1986 SAMPLE 

HIS 
12-6% 

Monthly % Composition 

41-8% 

10-5% 

l^ig 5.451) The DCAA CoinposlUoii tor Jun 1986 



DISSOLVED FREE AMINO ACIDS 
JULY 1986 SAMPLE 

Monthly % Composition 

33-77 . 

10-2% 

\7 4% 

13-3% 

ARC 
0-4% 

KiK 5.46a Tlie DFAA Coinposiiion for Jly 1986. 

DISSOLVED COMBINED AMINO ACIDS 
JULY 1986 SAMPLE 

Monthly % Composition 

12-5% 
HIS 
I0'4% 

26-1% 

THR 
6-3% 

Fig 5,461) The DCAA ComposiUon for .lly 1986. 



DISSOLVED FREE AMINO ACIDS 
AUGUST 1986 SAMPLE 

Monthly % Connposition 

29-9% 

17-57. 

13-4% 

ARG 
2-1% 

F i , ' 5 .47: i T h e O F A A C o i n p o s l L i o n for A u g 1986. 

DISSOLVED COMBINED AMINO ACIDS 
AUGUST 1986 SAMPLE 

Monthly % Composition 

CLY 
44-9% 

Fi r . 5 . 47b 'I'ho O C A A iJouiposiL ion lo r A u ^ \<iH6. 



DISSOLVED FREE AMINO ACIDS 
SEPTEMBER 1986 SAMPLE 

GLY 
17-6% 

Monthly % Connpositibn 

32-1% 

0-5% 

/ 
THR 
3155 

ARC 
2-1% 

F i l l 5.4.4a T h e Dl' 'AA C u m p o s l L i o n for S e p M*86, 

DISSOLVED COMBINED AMINO ACIDS 
SEPTEMBER 1986 SAMPLE 

Monthly % Composition 

15-6% 

281% 

THR 
4-2% 

Kig 5 . 4 8 b r t i e D C A A C o i n p o s i i i o i i for Sop i y H 6 . 



DISSOLVED FREE AMINO ACIDS 
OCTOBER 1986 SAMPLE 

Monthly % Composition 

44-9% 

10'25S 

ALA 
13-3% 

GLY 
16-3?; 

F i i i 5 . 4 9 a The D F A A C o m p o s i t i o n for O c t 1986. 

DISSOLVED COMBINED AMINO ACIDS 
OCTOBER 1986 SAMPLE 

Monthly % Composition 

10-45; 

38-3% 

Kig 5 . 4 9 b T h o D C A A C o m p o s i t i o n for O c t 1986 



DISSOLVED FREE AMINO ACIDS 
NOVEMBER 1986 SAMPLE 

DISSOLVED COMBINED AMINO ACIDS 
NOVEMBER 1986 SAMPLE 

Monthly % Composition 

Monthly % Composition 

GLU 
9-1% 

41-4% 

16-2% 

F i l i 5 .50 i i T h e D F A A C o m p o s i i i o r i for Nov 1986 

HIS 
9-4% 

10-5% 

42-9% 

PHE 
0-2% 

Fit i 5 . 5 0 b T h o D C A A C o i i i p o s i i i o n 

for Nov 1986 . 



DISSOLVED Fr̂ EE AMINO ACIDS 
DECEMBER 1986 SAMPLE 

Monthly % Composition 

35-7% 

ORN 
\0-2X 

10-2% 

THR 
4- lX 

F i g r^.Sla T h e D F A A C o i n p o s i U o n for Dec 1986 . 

DISSOLVED COMBINED AMINO ACIDS 
DECEMBER 1986 SAMPLE 

Monthly % Composition 

58-9% 

F i g 5 . 5 1 b T h e D C A A C o m p o s i L l o i i for Doc 19H6. 



DISSOLVED FREE AMINO ACIDS 
JANUARY 1987 SAMPLE 

Monthly % Composition 

TYR 
2'\% 

GLU 
1 0 % 

44-8% 

ORN 
20-855 

Pig 5.52a The DPAA Composition for Jan 1987, 

DISSOLVED COMBINED AMINO ACIDS 
JANUARY 1987 SAMPLE 

Monthly % Composition 

GLY 
6 6 0 % 

Fig 5.52b The DCAA OomposiUo 

for Jan 1987. 



DISSOLVED FREE AMINO ACIDS 
FEBRUARY 1987 SAMPLE 

DISSOLVED COMBINED AMINO ACIDS 
FEBRUARY 1987 SAMPLE 

Monthly % Composition 

Monthly % Connposition 

22-9% 

I'iii 5.53a The DPAA Composii ion for Feb 1987 

-6% 

41-1% 

THR 
3-2% 

Fiji 5 .5Jb Tlhi |)( AA riomposiiioti 
for Fob 1987. 



DISSOLVED FREE AMINO ACIDS 
MARCH 1987 SAMPLE 

Mon*:ily % Composition 

29-5% 

28-5% 

MET 
0-255 

ARC 
21% 

l-Mij 5.54a The DPAA Conipu: 

for Mar 1987. 

DISSOLVED COMBINED AMINO ACIDS 
MARCH 1987 SAMPLE 

Monthly % Composition 

CLU 
18-6% 

3 3 0 % 

PHE 
0-8% 

VAL 
9-3% 

Fig 5.54b Ttie DC.AA Composition for Mar 1987. 



DISSOLVED FREE AMINO ACIDS 
APRIL 1987 SAMPLE 

Monthly % Composition 

23-5% 

10-2% 

CRN 

Kiti 5.55a The DFAA Composition Tor Apr 1987 

DISSOLVED COMBINED AMINO ACIDS 
APRIL 1987 SAMPLE 

Monthly % Composition 

GLY 
50-2% 

/ 

ORN 
0-7% 

Fig 5.551) The DOAA Compnfiit 
lor Apr 1987. 



DISSOLVED FREE AMINO ACIDS 
MAY 1987 SAMPLE 

Monthly % Composition 

SCR 
54-5% 

Kiti 5.56a The DFAA ComposiLion for May 1987 

DISSOLVED COMBINED AMINO ACIDS 
MAY 1987 SAMPLE 

Monthly % Composition 

4 6 % 

Fig 5.56b Tho OCAA Coinposiiion for May 198' 



more c o n s t a n t c o m p o s i t i o n w i t h l e s s d i s t i n c t s e a s o n a l 

t r e n d s . However a s p a r t a t e , h i s t i d i n e and t h r e o n i n e show 

a r e d u c t i o n i n l e v e l s , i n t h e " c o m b i n e d f r a c t i o n , from 

O c t o b e r 1986 to J a n u a r y 1987. 

The f u n d a m e n t a l i d e a of t h i s p r o j e c t , w h i c h was 

s t a t e d i n c h a p t e r 1, was to d e t e r m i n e t h e l e v e l s and 

c o m p o s i t i o n of b o t h t h e d i s s o l v e d combined and d i s s o l v e d 

f r e e amino a c i d f r a c t i o n s . T h e c o m p o s i t i o n of t h e combined 

f r a c t i o n was e x p e c t e d to r e m a i n f a i r l y c o n s t a n t , and from 

t h i s s t a b l e b a s e , c o m p a r i s o n s w i t h t h e c o m p o s i t i o n of t h e 

f r e e f r a c t i o n c o u l d be made. T h e r e f o r e a c i d s p r e s e n t i n 

the combined but n o t i n t h e f r e e f r a c t i o n c o u l d be 

i d e n t i f i e d and " d i s a p p e a r e n c e " v a l u e s c a l c u l a t e d . T h i s 

p r o c e s s would i d e n t i f y t h e a c i d s most l i k e l y t o be b e i n g 

u s e d by the b i o t a i n t h e n a t u r a l e n v i r o n m e n t . The s m a l l 

s e a s o n a l v a r i a t i o n of t h e d i s s o l v e d combined amino a c i d 

f r a c t i o n p r o d u c e s a d i f f i c u l t y i n t h e i n t e r p r e t a t i o n of 

the " m i s s i n g " a c i d s . F o r example, h i s t i d i n e i s p r e s e n t 

f o r most of t h e time i n t h e combined but not i n the f r e e 

f r a c t i o n . T h e r e f o r e a " d i s a p p e a r e n c e " v a l u e c a n be 

c a l c u l a t e d . I f however t h e h i s t i d i n e t h e n d i s a p p e a r s from 

the combined f r a c t i o n t h i s w i l l a f f e c t t h e c a l c u l a t i o n of 

the " d i s a p p e a r e n c e " v a l u e s . Due t o t h e s e a s o n a l v a r i a t i o n 

of some a c i d s i n t h e combined f r a c t i o n t h e 

" d i s a p p e a r e n c e " v a l u e s s t a t e d i n s e c t i o n 5.7.4. can o n l y 

be t e n t a t i v e . 
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5.6. S i z i n g The D i s s o l v e d Amino A c i d C o n t a i n i n g 

M a c r o m o l e c u l e . 

The r e s u l t s of t h e s i z i n g e x p e r i m e n t s , c a r r i e d ' o u t 

u s i n g the c e n t r i f l o c ones and c e n t r i c o n - 1 0 

m i c r o c o n c e n t r a t o r s d e t a i l e d i n C h a p t e r 4, a r e shown 

o v e r l e a f i n c a b l e 5.3. 
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TABLE 5.3. S i z i n g of the d i s s o l v e d amino a c i d c o n t a i n i n g 
m a c r o m o l e c u l e . 

Date. Sample No. % < 25,000 % < 10,000 m.w. 

1.10.86 1 110 
Day:336 4 120 

8.11.86 4 100 
Day:371 

13.11.86 9 32 
Day:379 10 23 

15.1.87 3 70 
Day:442 6 50 

21.1.87 1 93 
7 119 

30.1.87 4 89 51 
Day:457 6 56 33 

12.2.87 1 36 16 
Day:470 4 24 

26.2.87 1 25 
Day:484 4 60 

5.3.87 1 109 
Day:491 4 40 

12.3.87 6 108 
Day:498 7 108 

19.3.87 1 35 
Day:505 4 84 

1.4.87 1 84 
Day:518 3 35 

7.4.87 1 84 
Day:532 

23.4.87 1 95 
Day:540 2 119 
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The a v e r a g e v a l u e of m a t e r i a l w i t h a m o l e c u l a r 

-weight l e s s t h a n 25,000 was 72 p e r c e n t . W h i l e t h e a v e r a g e 

v a l u e of m a t e r i a l l e s s t h a n 10,000 m o l e c u l a r w e i g h t was 

63 p e r c e n t . 

I n n e a r l y a l l the m o l e c u l a r w e i g h t c u t o f f 

e x p e r i m e n t s , two s a m p l e s of a b a t c h were s i z e d . O n l y i n 

one s i z i n g e x p e r i m e n t , on the 5.3.87, when a s m a l l bloom 

was p r e s e n t , was t h e r e a l a r g e d i f f e r e n c e between t h e 

p e r c e n t a g e of the m a t e r i a l l e s s t h a n 25,000 i . e . 40 and 

109 p e r c e n t . I t i s i n t e r e s t i n g t o n o t e ' t h a t a s i m i l a r 

phenomenon was found, i n bloom c o n d i t i o n s , f o r 

p h o s p h a t a s e c u t o f f e x p e r i m e n t s . ( P e r s o n a l c o m m u n i c a t i o n 

E . I . B u t l e r ) . I n t w e l v e of t h e n i n e t e e n s i z i n g 

e x p e r i m e n t s a t m o l e c u l a r w e i g h t c u t o f f 25,000, o v e r 

f i f t y p e r c e n t of t h e m a c r o m o l e c u l a r m a t e r i a l was l e s s 

t h a n t h e c u t o f f v a l u e . I n s i x of t h e t e n s a m p l e s s i z e d 

a t 10,000, a g a i n , o v e r f i f t y p e r c e n t of t h e 

m a c r o m o l e c u l a r s p e c i e s were below t h e n o m i n a l v a l u e . 

The r e s u l t s of t h e s i z i n g e x p e r i m e n t s i n d i c a t e t h a t 

the m a c r o m o l e c u l a r s p e c i e s s i z e d i n t h i s s t u d y a r e 

r e l a t i v e l y s m a l l m o l e c u l e s g e n e r a l l y h a v i n g l e s s t h a n 250 

amino a c i d s i n t h e i r c o m p o s i t i o n . The p o s s i b l e r e a s o n f o r 

the s m a l l s i z e of t h e m a c r o m o l e c u l a r s p e c i e s i s d i s c u s s e d 

i n s e c t i o n 5.7. 

T h e r e a p p e a r s to be no c o r r e l a t i o n between 

m o l e c u l a r s i z e and t o t a l d i s s o l v e d f r e e o r combined amino 

a c i d c o n c e n t r a t i o n s . 
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5.7. D i s c u s s i o n 

5.7,1 I n t r o d u c t i o n . 

The d i s c u s s i o n of the r e s u l t s of t h e c o a s t a l 

a n a l y s e s has been s u b d i v i d e d i n t o s i x s e c t i o n s . 

F i r s t , t h e l e v e l s of d i s s o l v e d combined and 

d i s s o l v e d f r e e amino a c i d s found i n t h i s s t u d y a r e 

compared to t h e v a l u e s d e t e r m i n e d by p r e v i o u s w o r k e r s . 

The s e a s o n a l l e v e l s of t h e d i s s o l v e d combined and 

d i s s o l v e d f r e e amino a c i d s and t h e r a t i o of d i s s o l v e d 

f r e e to d i s s o l v e d combined a c i d s a r e examined. The i d e a 

t h a t t h e l e v e l s and r a t i o s f ound may r e f l e c t two 

d i f f e r e n t p r o c e s s e s o c c u r r i n g d u r i n g t h e y e a r i s 

i n t r o d u c e d . 

The s e c o n d s e c t i o n c o n t a i n s a s e a s o n a l c o r r e l a t i o n 

of the d i s s o l v e d f r e e and d i s s o l v e d combined f r a c t i o n s 

w i t h f a c t o r s s u c h a s h o u r s of s u n s h i n e , r a i n f a l l and 

p r o d u c t i v i t y e t c . 

S e c t i o n t h r e e c o n s i d e r s t h e c o m p o s i t i o n a l 

d i f f e r e n c e between the d i s s o l v e d combined and d i s s o l v e d 

f r e e amino a c i d f r a c t i o n . 

S e c t i o n f o u r l o o k s a t t h e p o s s i b l e r o l e of s e r i n e and 

g l y c i n e a s n u t r i e n t s o u r c e s . 

S e c t i o n f i v e a t t e m p t s t o e x p l a i n how s p e c i e s 

s u c c e s s i o n may be r e l a t e d t o t h e " d i s a p p e a r e n c e " of m a j o r 

a c i d s from t h e c o m p o s i t i o n a l s p e c t r u m . 

The f i n a l s e c t i o n a t t e m p t s t o e x p l a i n t h e s m a l l s i z e 

of t h e d i s s o l v e d combined amino a c i d f r a c t i o n found i n 
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t h i s s t u d y and r e l a t e s t h i s to c o m p o s i t i o n . 

As has been s e e n the r e s u l t s p r e s e n t e d i n t h i s 

c h a p t e r have produced a l a r g e number of g r a p h s and f o r 

e a s e of p r e s e n t a t i o n s e v e r a l of t h e s e w i l l be r e p e a t e d i n 

the d i s c u s s i o n to i l l u s t r a t e s a l i e n t f e a t u r e s of the 

a n a l y s e s . 

5.7.2 E x a m i n a t i o n Of The T o t a l D i s s o l v e d Combined And 

D i s s o l v e d F r e e Amino A c i d L e v e l s Over A S e a s o n . 

Comparison of the r ange of v a l u e s f o r d i s s o l v e d 

f r e e amino a c i d s (BLD to 9.372 uM) and d i s s o l v e d combined 

amino a c i d s (0.246 to 6.741 uM) found i n t h i s s t u d y , 

w i t h t h o s e of p r e v i o u s w o r k e r s ( T a b l e 5 . 4 ) , shows t h a t 

the d i s s o l v e d f r e e amino a c i d r a n g e i s w i d e r t h a n t h a t 

g e n e r a l l y q uoted i n t h e l i t e r a t u r e . The r e s u l t s i n t h i s 

s t u d y have a d i s t r i b u t i o n w h i c h i s skewed tow a r d s low 

d i s s o l v e d f r e e amino a c i d l e v e l s . The p roblems of 

c o n t a m i n a t i o n found i n t r a c e o r g a n i c a n a l y s i s of t h i s 

type a l r e a d y have been d i s c u s s e d i n c h a p t e r 2 and 3. I t 

i s p o s s i b l e t h a t t h e o c c a s i o n a l l y h i g h v a l u e s r e p o r t e d 

e.g. 9.372 may be due to c o n t a m i n a t i o n of t h e s a mple. 

However s i m i l a r h i g h v a l u e s have been found i n o t h e r 

s t u d i e s ( E v e n s 1986) and t h e r e i s no e v i d e n c e t o s u p p o r t 

t h e i r r e m o v a l from the a n a l y s e s . The a v e r a g e v a l u e s f o r 

both the d i s s o l v e d f r e e (0.403 uM) and d i s s o l v e d combined 

amino a c i d s (1.7 uM) f a l l w e l l w i t h i n t h o s e q u o t e d i n the 

l i t e r a t u r e . 
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TABLE 5.4: A.Tiino a c i d l e v e l s from p r e v i o u s l y p u b l i s h e d 
work. A b b r e v i a t i o n s a r e a s f o l l o w s : F e ( 0 H ) 3 
p r e c i p i t a t i o n of o r g a n i c s w i t h f e r r i c h y d r o x i d e , ' 
P.C.=paper chromotography, L . E . = L i g a n d exchange 
chromatography, I . E . I o n exchange c h r o m a t o g r a p h y TLC= 
T h i n l a y e r chromatography. G C = E s t e r i f i c a t i o n of a . a . and 
s e p a r a t i o n and i d e n t i f i c a t i o n on a gas chromatograph w i t h 
F I D . OPA/MCE/RPLC=The r e v e r s e d phase l i q u i d 
c h r o m a t o g r a p h i c method b a s e d on t h e work of L i n d r o t h and 
Mopper 1979. 

Author P r e -
c o n c e n t r a t i o n 
method. 

D e t e c t i o n L e v e l s . uM 

Tatsumoto e t a l 
1961 

F e ( O H )3 P .C . DAA 0.65-0.78 

Park e t a l 1963 F e ( 0 H ) 3 I . E . DAA 0.33 

Degens 
1964 

e t a l I . E . P.C. DFAA 0.16-1.25 
DCAA 0.06-0.20 • 

Chau & 
1966 

R i l e y F e(OH)3 TLC DAA 0.02-0.16 

S i e g e l 
1966 

St Degens L . E . I . E . DFAA 0.38-0.77 
DCAA 1.85-2.90 

Webb & 
1967 

Wood 
L. E. I . E . DAA 0.21-0.77 

Hobbie e t a l . l 9 6 8 L . E . I . E . DAA 0.3 8 

R i l e y & 
1970 

Segar I . E . TLC DFAA 0.045-0.31 
DCAA 0.02-1.19 

B o h l i n g 1970 I . E . I . E . DFAA 0.8 

Andrew 
1971 

& W i l l i a m s L . E . I . E . DFAA 0.2-0.8 

Kawahara & M a l t a 
1971 

I . E . GC DFAA 0.33-0.92 

North 1975 None F l u o r e s c e n c e DAA 0.48-1.31 
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TABLE 5.4 C o n t i n u e d . 

R e f e r e n c e p r e - D e t e c t i o n L e v e l s (uM). 
c o n c e n c r a t i o n 

Daumas 1976 L.E. I . E . DAA 0.39-2.826 
X 0.9-1.2 

J o s e f s s o n e t a l . None OPA/MCE DAA 0.09-1.74 
1977 Mo s e p a r a t i o n 

Lee & Bada L . E . I . E . DFAA 0.04-0.12 
1977 DCAA 0.12-0.48 

Dawson & P r i t c h a r d L.E 
1978 

I . E . w i t h DFAA 0.045-0.84 
OPA/MCE X 0.25 
p o s t column DCAA 4.38-8.05 
f l u o r e s c e n c e 

G a r r a s i ec a l 
1979 None 

I . E . w i t h 
OPA/MCE 
p o s t column 
f l u o r e s c e n c e 

DFAA 0.187-0.497 
DCAA 0.327-2.289 

B o l t e r & Dawson 
1982 

None OPA/MCE/RPLC DFAA 1.067 
DCAA 4.534 

I t t e k k o t 1982 None I . E . w i t h 
OPA/MCE 
p o s t column 
f l u o r e s c e n c e 

DFAA 0.1-0.85 

Mopper & L i n d r o t h 
1982 

None OPA/MCE/RPLC DFAA 0.03-0.4 

Laane 1983 None F l u o r e s c e n c e 
( f l u c r e s c a m i n e ) 

DFAA 0.066-1.53 

P o u l e t e t a l 
1984 

None OPA/MCE/RPLC DFAA 0.169-0.347 

J o r g e n s o n & 
Sondergaard 1984 None OPA/MCE/RPLC DFAA 0.155-0.72 

Braven e t a l 
1984 None OPA/MCE/RPLC DFAA 1.4-3.7 
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T a b l e 5.4 C o n t i n u e d . 

R e f e r e n c e p r e - D e t e c t i o n L e v e l s (uM). 
c o n c e n t r a t i o n 

H e n r i c h s 1985 None OPA/MCE/RPLC DFAA 0.011-0.136 

E b e r l e i n e t a l None OPA/MCE/RPLC DFAA 0.1-1.2 
1985 

L i e b e z e i t 1985 None OPA/MCE/RPLC DFAA 0.846-2.014 
X 1.3 (n=5) 
DFAA 0.822-1 . 067 
X 0.927 (n=3) 

Hammer & 
1986 

K a c t n e r None OPA/MCE/RPLC DFAA BLD- 0 . 3 

Furham & 
1986 

F e r g u s o n None OPA/MCE/RPLC DFAA BLD- 5x10-'* 

W i l l i a m s 
1986 

Sc. P o u l e t None OPA/MCE/RPLC DFAA 0 . 02 4-1 . 689 
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The s a m p l i n g p e r i o d c o v e r e d November 1985 t o May 

1987. D u r i n g t h e bloom p e r i o d f o r p h y t o p l a n k t o n of 1986 

(March to May) not many s a m p l e s were c o l l e c t e d b e c a u s e 

the h y d r o l y s i s method development was a t a c r i t i c a l 

s t a g e . F u r t h e r m o r e , 1987 was an u n u s u a l y e a r i n t h a t 

t h e r e was a s m a l l p h y t o p l a n k t o n bloom i n March, but no 

l a r g e blooms i n A p r i l or May. T h e r e f o r e , t h i s s t u d y does 

not i n c l u d e many a n a l y s e s of s a m p l e s from bloom 

c o n d i t i o n s . 

The monthly a v e r a g e s f o r t o t a l d i s s o l v e d f r e e amino 

a c i d s ( F i g . 5.57) show a g r a d u a l l y i n c r e a s i n g l e v e l from 

May 1986 to September 1986 and a v e r y h i g h l e v e l i n March 

1987. Low l e v e l s of f r e e a c i d s were o b s e r v e d from O c t o b e r 

1986 to J a n u a r y 1987, i . e . d i s s o l v e d f r e e amino a c i d 

l e v e l s were low i n t h e w i n t e r and h i g h i n t h e summer. 

T h i s p a t t e r n of d i s s o l v e d f r e e amino a c i d l e v e l s i s i n 

c o n t r a s t to o t h e r n u t r i e n t s , w h i c h a r e low i n t h e summer 

and h i g h d u r i n g t h e w i n t e r , e.g. n i t r a t e , ammonia and 

u r e a . ( F l y n n & B u t l e r 1 9 8 6 ) . The r a i s e d f r e e amino a c i d 

l e v e l s i n t h e summer/autumn, w i t h l o w e r l e v e l s d u r i n g the 

w i n t e r months, shows a s i m i l a r t r e n d t o t h a t of d i s s o l v e d 

o r g a n i c n i t r o g e n F i g . 5.58. The d i s s o l v e d f r e e amino a c i d 

s p e c t r a f o r t h e months w i t h h i g h f r e e amino a c i d l e v e l s , 

d i f f e r from t h o s e w i t h low f r e e amino a c i d l e v e l s . 

( F i g . 5 . 5 9 ) . T h i s d i f f e r e n c e i n b o t h l e v e l s and s p e c t r a 

f o r t h e f r e e a c i d s may i n d i c a t e t h a t t h e r e a r e d i f f e r e n t 

p r o c e s e s s o c c u r i n g d u r i n g t h e w i n t e r and summer/autumn 

months. T h i s i d e a i s expanded i n s e c t i o n 5.7.3. 

The r a t i o of t h e combined to t h e f r e e a c i d s f o r t h e 

monthly f i g u r e s c a n be s e e n i n F i g . 5 . 6 0 . A g a i n , two 
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Fig 5.57b Average Monthly F i g u r e s for the T o t a l DCAA. 
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DISSOLVED FREE AMINO ACIDS 
MARCH 1987 SAMPLE 

DISSOLVED FREE AMINO ACIDS 
APRIL 1987 SAMPLE 

Monthly % Composition 

GLY 
28-5% 

ARC 
2-1% 

S£R 
29-5% 

GLU GLU 
3-2% 23-5% 

ASP 
6-3% 

LYS 
M% 

ORN 
7-4% 

SER 
23-5% 

LEU 
2-1% 

CLY 
3 1 % 

PHE 
0 7 % 

T/ISO 
0-8% 

MET 
0-2% 

VAL 
21% 

ABU 
0 1 % 

TYR 
21% 

ALA 
7-4% 

Monttily % Composition 

25-5% 

ORN 
14-3% 

ALA 
10-2% 

Kil'. 5.6ya The DPAA Composition for Mar 1987. i^ig 5.596 The Ol-'AA Coiiiposiiioti for Apr 1<J87 
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D C A A 
D i v i d e d 
b y D F A A 

Jun ' J u l ' flu9 ' Sep ' Oct ' Nov ' Dec ' Jan ' Feb Mar Apr May 

F i g 5 . 6 0 T h e R e l a t i o n s h i p B e t w e e n D C A A a n d D F A A 
J u n e 1986 - M a y 1 9 8 7 . 



d i f f e r e n t p a c c e r n s a r e o b s e r v e d . I n O c t o b e r 1935 co 

F e b u a r y 1987 and A p r i l 1987 t o May 1987, the r a t i o of t h e 

combined to t h e f r e e a c i d s i s h i g h ( a p p r o x . 3 0 : 1 - s e e T a b l e 

5 . 2 ) , w h i l e i n June 1986 to September 1986 and March 1987 

the r a t i o i s low ( a p p r o x . 1 0 : 1 ) . The p o s s i b l e r e a s o n s f o r 

t h e s e d i f f e r e n c e s a r e t h a t t h e d i s s o l v e d combined amino 

a c i d s a r e not b r o k e n down to f r e e a c i d s i n O c t o b e r t o 

F e b r u a r y , A p r i l to May; o r c o n v e r s e l y the breakdown 

o c c u r s but w i t h g r e a t e r u p t a k e d u r i n g t h e w i n t e r months. 

T h i s d i s a p p e a r e n c e of the d i s s o l v e d f r e e amino a c i d s 

d u r i n g the w i n t e r months may be due to b a c t e r i a l u p t a k e . 

However, K e l l e r e t a l . (1982) r e p o r t r e d u c e d l e v e l s of 

e x t r a c e l l u l a r r e l e a s e of d i s s o l v e d o r g a n i c c a r b o n d u r i n g 

the w i n t e r p e r i o d , w h i l e F l y n n & B u t l e r (1986) s u g g e s t 

t h a t the r e d u c t i o n i n l i g h t e x p e r i e n c e d d u r i n g t h e w i n t e r 

months, may i n d u c e t h e development of m i c r o a l g a l amino 

a c i d u p t a k e s y s t e m s . The low r a t i o of combined to f r e e 

a c i d s , ( June to September 1986 and March 1 9 8 7 ) , may be 

due to l a c k of u p t a k e of t h e f r e e a c i d s , o r , to t h e 

p r o d u c t i o n of f r e e a c i d s a t a r a t e g r e a t e r t h a n t h e i r 

r e m o v a l . The p r o d u c t i o n of a c i d s may be due to 

e x c r e t i o n / d e c a y of p h y t o p l a n k t o n o r t h e s l o p p y f e e d i n g of 

z o o p l a n k t o n . 

E x a m i n a t i o n of the d a t a , f o r e a c h b a t c h of a n a l y s e s , 

shows l a r g e f l u c t u a t i o n s i n t h e d i s s o l v e d f r e e amino a c i d 

c o n c e n t r a t i o n s . ( F i g . 5 . 6 1 ) . To d e t e r m i n e i f t h e s e 

f l u c t u a t i o n s were due to random v a r i a t i o n of t h e d a t a , o r 

were s t a t i s t i c a l l y s i g n i f i c a n t p e a k s , the means and 

s t a n d a r d d e v i a t i o n s of the maxima and minima of e a c h 

"peak" was t e s t e d u s i n g the s t u d e n t - t t e s t . ( C a s w e l l 
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P e r i o d : N o v 1 9 8 5 - May 1 9 8 7 . 



1 9 8 2 ) . I t was f ound t h a t t h e l a r g e f l u c t u a t i o n s i n 

d i s s o l v e d f r e e amino a c i d l e v e l s were s t a t i s t i c a l l y 

s i g n i f i c a n t ( 5 % l e v e l ) . 

R e g u l a r c y c l i c o s c i l l a t i o n s have been d e p i c t e d i n 

t h e o r e t i c a l s t u d i e s o f p o p u l a t i o n d y n a m i c s by L o t k a and. 

V o l t e r r a (Solomon 1 9 6 9 ) . U s i n g t h e method o f moving 

a v e r a g e s ( C a s w e l l 1 9 8 2 ) , an a t t e m p t was made to f i t the 

f l u c t u a t i o n s o f d i s s o l v e d f r e e amino a c i d l e v e l s to a 

s p e c i f i c t i m e c y c l e . No r e g u l a r c y c l e c o u l d be 

d e t e r m i n e d , p o s s i b l y due to t h e s m a l l and i n c o m p l e t e 

n a t u r e of the d a t a s e t . 

The i n c r e a s e d c o n c e n t r a t i o n s of t h e d i s s o l v e d f r e e 

amino a c i d s may be e x p l a i n e d by e x t r a c e l l u l a r r e l e a s e , 

change i n the u s a g e o r breakdown of t h e d i s s o l v e d a c i d s , 

t e r r e s t r i a l r u n o f f and g r a z i n g by z o o p l a n k t o n ( s l o p p y 

f e e d i n g ) . P h y t o p l a n k t o n have a g r e a t e r a r g i n i n e c o n t e n t 

t h a n t h e z o o p l a n k t o n t h a t g r a z e them. The e x c e s s a r g i n i n e 

i s removed by t h e f o r m a t i o n and e x c r e t i o n o f u r e a and 

o r n i t h i n e ( F l y n n & B u t l e r 1 9 8 6 ) . T h e r e f o r e t h e p r e s e n c e 

of o r n i t h i n e h a s been u s e d a s an i n d i c a t o r of z o o p l a n k t o n 

a c t i v i t y . C o m p a r i s o n of t h e t o t a l d i s s o l v e d f r e e amino 

a c i d l e v e l s o v e r t h e s a m p l i n g p e r i o d , w i t h t h o s e of 

o r n i t h i n e o v e r t h e same p e r i o d , i n d i c a t e s t h a t i n 

g e n e r a l , where t h e t o t a l d i s s o l v e d f r e e amino a c i d l e v e l s 

a r e h i g h o r n i t h i n e i s p r e s e n i * . O r n i t h i n e does not o c c u r 

i n the f r e e amino a c i d s p e c t r u m when t h e t o t a l f r e e a c i d 

l e v e l s a r e low. T h e r e f o r e t h e o r n i t h i n e l e v e l s may 

i n d i c a t e t h a t g r a z i n g i s l i n k e d w i t h h i g h d i s s o l v e d f r e e 

amino a c i d l e v e l s . 

S i m i l a r p e a k s i n d i s s o l v e d f r e e amino a c i d l e v e l s 
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o v e r a s e a s o n were found by K e l l e r e t a l . (1982) who 

s t a t e d t h a t " s e a s o n a l peaks i n d i s s o l v e d f r e e amino a c i d 

l e v e l s were no t w h o l l y dependent on p h y t o p l a n k t o n r e l e a s e 

a l t h o u g h a c l e a r r e l a t i o n s h i p was e v i d e n t " . They s u g g e s t 

t h a t o t h e r s o u r c e s f o r t h e i n c r e a s e i n d i s s o l v e d f r e e 

amino a c i d s may be z o o p l a n k t o n and m a c r o a l g a e . W h i l e 

F l y n n & B u t l e r (1986) s u g g e s t an i n p u t of d i s s o l v e d f r e e 

amino a c i d s from i n v e r t e b r a t e s , as p a r t of t h e i r 

e x c r e t i o n and o s m o - r e g u l a t i o n . 

5.7.3. C o r r e l a t i o n Of D i s s o l v e d F r e e And D i s s o l v e d 

Combined Amino A c i d s L e v e l s With E n v i r o n m e n t a l F a c t o r s . 

The monthly f i g u r e s f o r d i s s o l v e d combined and 

d i s s o l v e d f r e e amino a c i d s from June 1986 t o May 1987 

were c o r r e l a t e d a g a i n s t monthly f i g u r e s f o r p r i m a r y 

p r o d u c t i v i t y ( B o a l c h 1 9 7 8 ) , d i s s o l v e d o r g a n i c n i t r o g e n 

( B u t l e r e t a l 1 9 7 9 ) , p h y t o p l a n k t o n numbers (Haddock e t 

a l . 1 9 8 1 ) , • h o u r s of s u n s h i n e , a i r t e m p e r a t u r e , r a i n f a l l 

and wind s p e e d u s i n g a s t a t i s t i c a l program f o r 

m i c r o c o m p u t e r s c a l l e d M i c r o t a b . The d a t a f o r p r i m a r y 

p r o d u c t i v i t y , d i s s o l v e d o r g a n i c n i t r o g e n and 

p h y t o p l a n k t o n numbers a r e from p a s t p a p e r s and t h e r e f o r e 

a r e not d i r e c t l y r e l a t e d to d a t a c o l l e c t e d i n t h i s s t u d y . 

M e t e o r o l o g i c a l d a t a were t a k e n from t h e "Metenq" program 

on Plymouth P o l y t e c h n i c prime computer s y s t e m . The 

m e t e o r o l o g i c a l d a t a a r e f o r t h e same month and y e a r as 

t h e d i s s o l v e d combined and d i s s o l v e d f r e e amino a c i d 

d a t a . 

The r e s u l t s o f t h e c o r r e l a t i o n of d a t a f o r June 1986 

t o May 1987 c a n be s e e n i n T a b l e 5.5, 
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T a b l e 5.5 C o r r e l a t i o n on a ir.onchly b a s i s ( J u n e 1936 to 
May 1987) of d i s s o l v e d combined and d i s s o l v e d f r e e amino 
a c i d l e v e l s w i t h e n v i r o n m e n t a l f a c t o r s . 

DFAA 
r 

DCAA S t a t i s t i c a l l y 
r s i g n i f i c a n t a t 

t h e s t a t e d 
p e r c e n t a g e l e v e l 

DFAA 0 . 633 ( 2 % ) 
DCAA 0 . 633 
DON 0 . 036 -0 . 117 
PROD -0 . 151 0 . 021 
SUN -0. 009 -0 .147 
TEMP -0 . 109 0 . 336 
RAIN -0 . 176 -0 .737 ( 0 . 1 % ) 
WIND -0. 233 0 . 266 
PHYTO -0 . 121 0 .003 

Degree of freedom = 10 To be s t a t i s i c a l l y 
r > 0. 5670 (5% ) r > 0. 4973 ( 1 0 % ) . 

U s i n g t h e f u l l t w e l v e months d a t a , t h e r e a r e o n l y 

two p a r a m e t e r s t h a t c o r r e l a t e w i t h t h e e n v i r o n m e n t a l 

d a t a , i . e . a p o s i t i v e c o r r e l a t i o n of the d i s s o l v e d 

combined w i t h d i s s o l v e d f r e e a c i d s , and a n e g a t i v e 

c o r r e l a t i o n of d i s s o l v e d combined a c i d s w i t h r a i n f a l l . 

The n e g a t i v e c o r r e l a t i o n of d i s s o l v e d combined amino a c i d 

l e v e l s w i t h r a i n i s u n e x p e c t e d , s i n c e the work of Mopper 

& Z i k a (1987) shows t h a t m a r i n e r a i n s t e n d to be h i g h i n 

both d i s s o l v e d f r e e and d i s s o l v e d combined a c i d s . One 

p o s s i b l e r e a s o n f o r t h i s n e g a t i v e c o r r e l a t i o n i s t h a t 

r a i n washes p a r t i c u l a t e m a t t e r , s u c h as s o i l s and d e b r i s , 

from the r i v e r s i n t o the c o a s t a l w a t e r s . The d i s s o l v e d 

combined amino a c i d s p r e s e n t i n the w a t e r may p o s s i b l y 

become complexed w i t h t h i s m a t e r i a l and a r e l o s t from the 

w a t e r column when the p a r t i c u l a t e s s e t t l e o u t . I t has 

been found i n model s t u d i e s by E v e n s e t a l . ( 1 9 8 8 ) , t h a t 

whereas as f r e e d i s s o l v e d amino a c i d s a r e not 
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c o - p r e c i p i t a t e d , o r removed by f e r r i c h y d r o x i d e o r r i c h 

mud p a r t i c l e s i n s e a w a t e r , d i s s o l v e d p r o t e i n s a r e 

c o m p l e t e l y removed by both t h e s e s y s t e m s . 

D i s s o l v e d o r g a n i c n i t r o g e n l e v e l s ( F i g 5.62) and 

p r i m a r y p r o d u c t i v i t y ( F i g 5.63) both show a p a t t e r n of 

r i s i n g l e v e l s i n t h e summer/autumn, f o l l o w e d by a f a l l 

d u r i n g the w i n t e r months. The d i s s o l v e d f r e e amino a c i d 

d a t a a l s o show t h i s p a t t e r n and t h e r e f o r e t h e c o r r e l a t i o n 

was r e p e a t e d u s i n g d i s s o l v e d f r e e amino a c i d d a t a from 

June 1986 to F e b u a r y 1987, o m i t t i n g - s p r i n g d a t a . The 

r e s u l t s of t h i s s e c o n d c o r r e l a t i o n e x e r c i s e c a n be s e e n 

i n T a b l e 5.6. T h e r e a r e p o s i t i v e c o r r e l a t i o n s between 

d i s s o l v e d f r e e amino a c i d l e v e l s , w i t h b o t h p r i m a r y 

p r o d u c t i v i t y and p h y t o p l a n k t o n numbers i n t h e summer, 

autumn and w i n t e r months. D u r i n g t h e s p r i n g t h i s 

r e l a t i o n s h i p a p p e a r s t o b r e a k down. T h e r e i s n e g a t i v e 

c o r r e l a t i o n between f r e e amino a c i d s and w i n d . I t i s 

known t h a t p h y t o p l a n k t o n blooms o c c u r i n c a l m w e a t h e r 

c o n d i t i o n s and so t h e n e g a t i v e c o r r e l a t i o n of wi n d s p e e d 

and p h y t o p l a n k t o n numbers would seem to be a r e a l i s t i c 

r e s u l t . 
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o v e r much of the a r e a . The s a l i n i t y r a nge i s from 34.2 to 

35.4 p a r t s p e r t h o u s a n d . ( B r a v e n e t a l 1 9 8 4 ) . 

5.2. D a t a P r e s e n t a t i o n . 

Due to the l a r g e number - of s a m p l e s a n a l y s e d and t h e 

f a c t t h a t e a c h a n a l y s i s r e p o r t s i n f o r m a t i o n on up t o 19 

amino a c i d s , i t was f e l t n e c e s s a r y to r e p o r t t h e 

i n d i v i d u a l c h e m i c a l a n a l y s i s f i g u r e s i n a • s e r i e s of 

a p p e n d i c e s w h i c h are. found a t t h e end of t h i s t h e s i s . ' 

Appendix I c o n t a i n s t h e t o t a l d i s s o l v e d f r e e and combined 

amino a c i d . l e v e l s p e r s a m p l e and shows how t h e s e r e l a t e 

to t o t a l d i s s o l v e d n i t r o g e n and d i s s o l v e d o r g a n i c 

n i t r o g e n . I t s h o u l d be n o t e d t h a t the f i g u r e s f o r t o t a l 

d i s s o l v e d n i t r o g e n and d i s s o l v e d o r g a n i c n i t r o g e n v a l u e s 

were not d e t e r m i n e d e x p e r i m e n t a l l y on t h e s e a w a t e r 

s a m p l e s a n a l y s e d f o r d i s s o l v e d f r e e and d i s s o l v e d 

combined a c i d s , but a r e a v e r a g e f i g u r e s t a k e n from B u t l e r 

e t a l . ( 1 9 7 9 ) . Appendix I I p r e s e n t s d a t a f o r t h e l e v e l s of 

the i n d i v i d u a l amino a c i d s i n e a c h s a m p l e . 

The f o l l o w i n g f i v e c a t e g o r i e s of r e s u l t s have been 

d e r i v e d from the d a t a i n a p p e n d i c e s I and I I : 

1. S e a s o n a l l e v e l s f o r t o t a l d i s s o l v e d combined and t o t a l 

d i s s o l v e d f r e e amino a c i d s . 

2. I n d i v i d u a l amino a c i d l e v e l s i n t h e f r e e and combined 

f r a c t i o n s . 

3. The r a t i o of d i s s o l v e d f r e e to d i s s o l v e d combined 
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T a b l e . 5.6. C o r r e l a t i o n on a monthly b a s i s ( J u n e 1986 to 
F e b u a r y 1987) w i t h e n v i r o n m e n t a l f a c t o r s . 

DFAA S t a t i s t i c a l l y 
r s i g n i f i c a n t a t 

the s t a t e d 
p e r c e n t a g e l e v e l . 

DFAA 
DCAA 0.046 
DON 0.322 
PROD 0.603 (10%) 
SUN 0.433 
TEMP 0.163 
RAIN -0.582 (10%) 
WIND -0.806 (1 %) 
PHYTO 0.852 (0 . 1 % ) 

Degrees of freedom 7.To be s t a t i s t i c a l l y s i g n i f i c a n t 
r>0.6640 ( 5 % ) , r>0.5822 ( 1 0 % ) . 

The d i f f e r e n t c o r r e l a t i o n s o b t a i n e d from the two 

d a t a s e t s (9 months vs 12 months) may i n d i c a t e t h a t 

d i f f e r e n t p r o c e s s e s a r e o c c u r i n g d u r i n g a s e a s o n . F o r 

example, d u r i n g t h e summer and autumn the d i s s o l v e d 

f r e e amino a c i d l e v e l s may be r e l a t e d t o the p r e s e n c e of 

p h y t o p l a n k t o n , w h i l e i n t h e s p r i n g , amino a c i d l e v e l s may 

r e l a t e t o s p e c i f i c e n v i r o n m e n t a l o r b i o l o g i c a l f a c t o r s 

not t e s t e d i n t h i s s t u d y . Removal of the 3 months d a t a 

f o r s p r i n g , d r a s t i c a l l y r e d u c e s t h e c o r r e l a t i o n between 

d i s s o l v e d combined and d i s s o l v e d f r e e a c i d s i . e . 0.633 to 

0.046. T h i s i n d i c a t e s t h a t o n l y i n s p r i n g i s t h e r e a 

s t r o n g r e l a t i o n s h i p between t h e two amino a c i d f r a c t i o n s 

w h i c h may be due to the i n t e n s e a c t i v i t y of the b i o t a . 

One of the c e n t r a l i d e a s of L o v e l o c k s G a i a 

h y p o t h e s i s ( L o v e l o c k 1979) i s t h a t s y s t e m s c o n t a i n i n g 

l i f e a r e c h a r a c t e r i s e d by b e i n g m a i n t a i n e d i n a s t a t e of 

d i s e q u i l i b r i u m or " c o n f u s i o n " , when compared to i n o r g a n i c 
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( l i f e l e s s ) s y s t e m s . The springti.me i s a v e r y dynamic 

b i o l o g i c a l l y a c t i v e phase of the y e a r and i t i s 

t h e r e f o r e not s u r p r i s i n g t h a t t h e i n c l u s i o n of t h e s p r i n g 

d a t a , i n the c o r r e l a t i o n e x e r c i s e above, l e a d s to a 

breakdown i n the r e l a t i o n s h i p s of the t e s t e d p a r a m e t e r s 

i . e . i n c r e a s e d c o n f u s i o n . 

T h e r e i s a problem i n u n d e r t a k i n g c o r r e l a t i o n s of 

the d i s s o l v e d combined and d i s s o l v e d f r e e amino a c i d d a t a 

c o l l e c t e d i n t h i s s t u d y , w i t h d a t a from p a s t p a p e r s . F o r 

example, the p r i m a r y p r o d u c t i v i t y f i g u r e s q u o t e d i n the 

paper by B o a l c h e t a l . (1978) a r e h i g h i n March to May, 

but, a s mentioned e a r l i e r , t h e March to May p e r i o d f o r 

1987 showed no major p l a n k t o n bloom, i m p l y i n g an u n u s u a l 

s p r i n g s e a s o n ( p e r s o n a l c o m m u n i c a t i o n E . I . B u t l e r ) . 

T h e r e f o r e , the c o r r e l a t i o n d i s c u s s e d above c a n o n l y be 

v e r y t e n t a t i v e and f u r t h e r work u s i n g d a t a from the same 

s e a s o n w i l l be n e c e s s a r y t o e l u c i d a t e the r e l a t i o n s h i p of 

d i s s o l v e d combined and d i s s o l v e d f r e e amino a c i d s t o 

e n v i r o n m e n t a l and b i o l o g i c a l f a c t o r s . 

The d i s s o l v e d combined amino a c i d f r a c t i o n o n l y 

shows a s i g n i f i c a n t p o s i t i v e c o r r e l a t i o n w i t h 

d i s s o l v e d f r e e amino a c i d s and a n e g a t i v e c o r r e l a t i o n 

w i t h r a i n f a l l f o r 1986 t o 1987. U s i n g the n i n e months 

d a t a as opposed to t h e t w e l v e months does n o t 

d r a m a t i c a l l y improve the c o r r e l a t i o n f i g u r e s a s was the 

c a s e f o r the f r e e a c i d s . T h i s may be due to the f a c t 

t h a t d i s s o l v e d combined amino a c i d s a r e complex m o l e c u l e s 

and the p r o c e s s of p r o d u c t i o n and breakdown may make 

t h e s e • compounds l e s s r e l a t e d to d i r e c t p h y s i c a l 

i n f l u e n c e . 
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5.7,4 The C o m p a r i s o n Of The Amino A c i d C o m p o s i t i o n Of 

P h y t o p l a n k t o n With T h a t Found F o r The F r e e And Combined 

A c i d s . 

The amino a c i d c o m p o s i t i o n o f d i f f e r e n t s p e c i e s of 

p h y t o p l a n k t o n d e t e r m i n e d by Minghou e t a l . (1986) c a n be 

s e e n i n t a b l e 5.7. The p h y t o p l a n k t o n have been h y d r o l y s e d 

and t h e r e f o r e the amino a c i d s r e p o r t e d a r e b o t h f r e e and 

combined. I t s h o u l d be n o t e d t h a t t h e s t u d i e s of 

p h y t o p l a n k t o n c o m p o s i t i o n have employed c e l l c u l t u r e s . 

The p a r t i c u l a r f e e d i n g r e g i m e of t h e c u l t u r e may a f f e c t 

the amino a c i d c o m p o s i t i o n of t h e p h y t o p l a n k t o n . 

T h e r e f o r e t h e amino a c i d c o m p o s i t i o n of l a b o r a t o r y 

c u l t u r e s may not r e s e m b l e t h o s e of n a t u r a l p o p u l a t i o n s . 

C o m parison of t o t a l amino a c i d c o m p o s i t i o n of 

p h y t o p l a n k t o n , w i t h t h e c o m p o s i t i o n of t h e d i s s o l v e d f r e e 

and d i s s o l v e d combined amino a c i d s , i n d i c a t e s t h a t t h e 

d i s s o l v e d amino a c i d s found i n s e a w a t e r do n o t r e s e m b l e 

t h o s e of p h y t o p l a n k t o n . I f however, t h e amino a c i d 

c o m p o s i t i o n of p h y t o p l a n k t o n i n both c u l t u r e s and t h e 

n a t u r a l e n v i r o n m e n t a r e s i m i l a r t h i s s u g g e s t s t h a t 

p r o c e s s e s , o t h e r t h a n , s i m p l e e n z y m a t i c h y d r o l y s i s of 

p a r t i c u l a t e and d i s s o l v e d combined amino a c i d s , w i t h t h e 

s u b s e q u e n t r e l e a s e of f r e e amino a c i d s - a r e o c c u r r i n g i n 

the e n v i r o n m e n t . The r e a s o n f o r t h o s e c o m p o s i t i o n a l 

d i f f e r e n c e s may be p r e f e r e n t i a l u p t a k e of amino a c i d s 

f o l l o w i n g p r o t e o l y t i c b a c t e r i a l a c t i v i t y . (Amano e t a l 

1982, H o l l i b o u g h &. Azam 1 9 8 3 ) . The f i n d i n g s of t h i s 

s t u d y , a r e s u p p o r t e d by Maurer (1976) who s t a t e s t h a t t h e 
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Amino Acid 
Pl.tr.:iiunas mbsurJi-

fwniii (Willc) Hazcn 

ChaeroKCros minuiis-

iiiiius Maker el 

Pr -Lavcr 

PhucoUuLiylum tri-

curntituiii Bohl 

Du/iaficlfa 

sp. 
i^iizscltia sp 

Asp 1.60. 127 3 07 3.74 4.]6 
Thf 0.69 ' 0.95 1.66 1.97 2.02 
Ser 0.68 ' 1.29 1.73 1.79 2.02 
G lu 1.90 3.60 3.tS 4.23 4.73 
Pro 0.85 0.99 1.36 2.00 1.75 
C l y I.OI 1.49 1.36 2.10 2.19 
Ala 1.20 1.49 1.93 2.55 1 2.60 
C>s 0.U9 0.15 0.14 0.13 I o.:o 
Val 0.99 0.09 1.34 1.34 i 2.11 
Met 0.23 0.39 0.46 0.41 

lie 0.62 1.21 1.51 1.43 ( 1.94 

Leu 1.26 1.76 2.31 2.36 I 2.70 
T>r 0.35 1.30 1.65 1.67 i 2.00 
Phe 0.36 1.37 2.00 2.09 i 2.28 
Lys 0.39 1.49 1.39 1.32 1.89 

His 0.31 0.48 0.53 0.60 1 0.62 
Arg 1.05 1.47 1.63 !• 2.35 1 2.09 

Total amino ai:id:i 15.07 21.79 23.30 33.62 ! 36.01 
Total Limino acids- 2.U3 2.93 3.32 4.49 ; 4.82 

N (A) 

Total amino-N (B) 1.30 2.66 3.46 4.05 1 4.33 

Toial N uonteni (C) • J.37 4.56 6.33 7.10 7.61 

Crude protein x 1 21.06 23.50 J9.37 i 44.38 J 47.56 

6.25) i 

A . C ( % ) 61.7 05.4 59.9 63.2 53.4 

B . C ( % J 1 53.5 58.3 54.3 ! 57.0 57.0 

T a b l e 5.7 T o t a l C o n t e n t o f A m i n o A c i d s i n P h y t o p l a n k t o n 

(% o n d r y w t . ) , f rom M i n g h o u e t a i . 1 9 8 6 . 



h i g h e r m o l e c u l a r w e i g h t o r g a n i c compounds do not 

r e s e m b l e t h e i r assum.ed s o u r c e i . e . e x c r e t o r y p r o d u c t s , 

s o l u b l e c e l l d e b r i s e t c . Degens e t a l . ( 1 9 6 4 ) , S i e g e l 

& Degens ( 1 9 6 6 ) , G a r r a s i e t a l . ( 1 9 7 9 ) , B o l t e r & Dawson 

(1982) a l l comment on t h e d i f f e r e n c e between both the 

c o m p o s i t i o n s and the l e v e l s of t h e d i s s o l v e d combined and 

the d i s s o l v e d f r e e amino a c i d f r a c t i o n . 

F l y n n & B u t l e r (1986) s t r e s s t h a t the c o n c e n t r a t i o n 

of a p a r t i c u l a r compound i n s e a w a t e r need not be 

i n d i c a t i v e of i t s u s e . A n i t r o g e n s o u r c e w i t h low l e v e l s 

i n the w a t e r column s u p p o r t s two c o n t r a s t i n g a r g u m e n t s : 

e i t h e r t h e r e i s too l i t t l e of t h e compound t o s u p p o r t 

growT:h, o r i t i t i s b e i n g r a p i d l y u s e d to s u p p o r t growth 

and t h e r e f o r e does not a p p e a r i n the w a t e r column. I t i s 

the f l u x of a compound t h r o u g h t h e e c o s y s t e m w h i c h i s of 

i m p o r t a n c e . I n the p r e s e n t s t u d y , i t i s p o s s i b l e to 

i d e n t i f y amino a c i d s w h i c h a r e p r e s e n t i n t h e combined 

form but not as d i s s o l v e d f r e e amino a c i d s i . e . a c i d s 

t h a t have " d i s a p p e a r e d " . T a b l e 5.8 g i v e s d e t a i l s of the 

p e r c e n t a g e l o s s of i n d i v i d u a l a c i d s between th e combined 

form ( t a k e n a s 100%) to" the f r e e form, o v e r t h e s e a s o n . 

The c a l c u l a t i o n s used to c o n s t r u c t t h i s t a b l e c a n be s e e n 

i n a p p e n d i x I I I . 
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T a b l e 5.3 p e r c e n t a g e d i s a p p e a r e n c e of i n d i v i d u a l a c i d s 
between the d i s s o l v e d combined and d i s s o l v e d f r e e amino 
a c i d s . (MB. a v a l u e of 100 p e r c e n t means removed to 
below the l i m i t s of d e t e c t i o n f o r t h a t a c i d ) . 

amino Range of Average number of 
a c i d d i s a p p e a r e n c e d i s a p p e a r e n c e b a t c h e s . 

Asp 33-100 78 36 
G l u 44-100 85 36 
S e r 0-100 51 36 
H i s 32-100 97 30 
G l y 54-100 90 36 
Thr 40-100 91 29 
Arg 26-100 90 23 
A l a 28-100 74 36 
T y r 0-100 67 32 
Abu 
V a l 1-100 39 36 
Met 
T r p / I l e 54-100 96 21 
Phe 71-100 97 16 
Leu 25-100 37 28 
Orn 0-100 63 19 
L y s 0-100 37 18 

Amino a c i d s w i t h " d i s a p p e a r e n c e " v a l u e s o f n i n e t y 

p e r c e n t o r g r e a t e r a r e h i s t i d i n e , g l y c i n e , t h r e o n i n e , 

a r g i n i n e , t r y p t o p h a n / i s o l e u c i n e and p h e n y l a l a n i n e . 

T h e s e d i s a p p e a r e n c e s c o u l d be due to u p t a k e by a l g a e , 

i n v e r t e b r a t e s or b a c t e r i a . T h e r e f o r e the v a l u e s o b t a i n e d 

i n T a b l e 5.8 were compared t o t h o s e of Lu & S t e p h e n s 

(1984) on a l g a l p r e f e r e n c e ( s e e T a b l e 5 . 9 ) . 
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T a b l e 5.9 P e r c e n t a g e r e m o v a l of f r e e amino a c i d s by 
p h y t o p l a n k t o n from Lu & S t e p h e n s ( 1 9 8 4 ) . 

amino p e r c e n t a g e 
a c i d removal 

Asp 73 
G l u 55 
Ser 84 
Arg 100 
A l a 95 
T y r 85 
V a l 86 
l i e 88 
Leu 88 
Orn 100 
L y s 100 

The v a l u e s i n T a b l e s 5.8 and 5.9 show some 

s i m i l a r i t i e s , w i t h low f i g u r e s f o r the " d i s a p p e a r e n c e " of 

the a c i d s a s p a r t a t e and g l u t a m a t e , and h i g h v a l u e s f o r 

a r g i n i n e . No l i t e r a t u r e on b a c t e r i a l o r i n v e r t e b r a t e 

p r e f e r e n c e f o r f r e e amino a c i d s c o u l d be found. 

P r e l i m i n a r y work on the u p t a k e of d i s s o l v e d f r e e amino 

a c i d s by p h y t o p l a n k t o n c a n be found i n c h a p t e r 3. 

5.7.5 The P o s s i b l e R o l e Of S e r i n e And G l y c i n e I n P l a n t 

N u t r i t i o n . 

I n t h e marine e n v i r o n m e n t f l u x i s a two way p r o c e s s 

of u p take and p r o d u c t i o n . E x a m i n a t i o n of t h e g r a p h s f o r 

s e r i n e i n t h e d i s s o l v e d combined and d i s s o l v e d f r e e amino 

a c i d f r a c t i o n s ( F i g . 5 . 6 4 ) c o u p l e d wih t h e low v a l u e f o r 

i t s d i s a p p e a r e n c e (51%) s u g g e s t s t h a t s e r i n e may be 

produced as the f r e e a c i d . T h i s t o g e t h e r w i t h t h e h i g h 

l e v e l s of g l y c i n e i n t h e combined f r a c t i o n ( F i g . 5.65) 
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and t h e h i g h v a l u e f o r i t s d i s a p p e a r a n c e ( 9 0 % ) s u g g e s t s 

t h a t t h e f o l l o w i n g b i o c h e m i c a l pathway known t o o c c u r i n 

p l a n t s ( L e a e t a l . 1985) may p r o d u c e ammonia f o r use a s a 

n i t r o g e n s o u r c e . 

2 X g l y c i n e > s e r i n e + ammonia + c a r b o n d i o x i d e . 

T h i s would be an i n t e r e s t i n g a r e a , u s i n g c u l t u r e s , f o r 

f u r t h e r r e s e a r c h . 

5.7.6.- S p e c i e s S u c c e s s i o n . 

I t h a s been shown t h a t ( s e c t i o n 5.3) t h e d i s s o l v e d 

f r e e amino a c i d s c a n be d i v i d e d i n t o t h r e e g r o u p s , 

depending upon t h e i r p e r s i s t e n c e i n t h e s p e c t r u m . T h o s e 

p r e s e n t o v e r most of the y e a r were a s p a r t a t e , g l u t a m a t e , 

g l y c i n e and t y r o s i n e . An e x a m i n a t i o n of t h e g r a p h s of 

monthly p e r c e n t a g e c o m p o s i t i o n show t h a t even t h e s e m a j o r 

a c i d s may d i s a p p e a r f o r s h o r t p e r i o d s of t i m e , e.g. 

g l u t a m a t e from t h e d i s s o l v e d f r e e f r a c t i o n f o r t h e month 

of December 1985 ( F i g . 5 . 6 6 ) , g l y c i n e from t h e d i s s o l v e d 

f r e e f o r J a n u a r y and March 1986 ( F i g . 5 . 6 7 ) , and t y r o s i n e 

from t h e f r e e f r a c t i o n f o r November 1985, J a n u a r y 1986 

A p r i l 1986 and 1987 and May 1987 ( F i g . 5 . 6 8 ) . Any 

p h y t o p l a n k t o n s p e c i e s t h a t c o u l d u t i l i z e t h e s e s o u r c e s o f 

e n e r g y and/or n i t r o g e n would have a c o m p e t i t i v e 

a d v a n t a g e , and t h e d i s a p p e a r a n c e of t h e s e m a j o r a c i d s 

may be l i n k e d to s p e c i e s s u c c e s s i o n . A g a i n , t h i s i s an 

a r e a f o r f u r t h e r work. 
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DFAA. Nov 1985 - May 1987. 
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5.7.7. S i z e Of The D i s s o l v e d Combined Amino A c i d C o n t a i n i n g 

Macrorr.olecule. 

The r e s u l t s of the s i z i n g e x p e r i . T \ e n t s c a r r i e d out 

d u r i n g the c o u r s e of t h i s s t u d y i n d i c a t e t h a t the 

m a c r o m o l e c u l a r s p e c i e s a r e of a s m a l l s i z e , 72% h a v i n g a 

m o l e c u l a r w e i g h t l e s s than 25,000 ('250 amino a c i d s ) and' 

63% h a v i n g a m o l e c u l a r w e i g h t l e s s t h a n 10,000 ("100 

amino a c i d s i n l e n g t h ) . T a b l e 5.10 g i v e s che r e s u l t s 

o b t a i n e d by p r e v i o u s w o r k e r s who have s i z e d the d i s s o l v e d 

o r g a n i c m a t t e r , r a t h e r than s i m p l y the d i s s o l v e d combined 

f r a c t i o n . T a b l e 5.10 i n d i c a t e s t h a t the m a j o r i t y of t h e 

d i s s o l v e d o r g a n i c m a t t e r , of w h i c h the d i s s o l v e d combined 

amino a c i d s a r e a p a r t , i s of a s m a l l s i z e . 

T a b l e 5.10. The r e s u l t s , o b t a i n e d by p r e v i o u s w o r k e r s , 

f o r the s i z i n g of the d i s s o l v e d o r g a n i c m a t e r i a l (DOM). 

Author S i z e of DOM. 

Wiebe & Smith ( 1 9 7 7 ) . 95% < 3,500 d 

L a n c e l o t . ( 1 9 8 4 ) . 14 to 48% < 500 d 
25 to 40% 500 to 5,000 d 
26 to 57% > 5,000 d 

C a r l s o n e t a l . (1985) 59% < 10,000 mw 
34% > 10,000 mw 
6% > 30,000 mw 
1% > 700,000 mw 

S u z u k i & Sugir.ara ( 1 9 8 5 ) . 45% 1,500 to 30,000 mw. 

The t o t a l amino a c i d c o m p o s i t i o n of p h y t o p l a n k t o n 

shows h i g h l e v e l s of the b a s i c a c i d s a r g i n i n e and l y s i n e 

(Minghou e t a l 1 9 8 6 ) . Both the d i s s o l v e d combined and 
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d i s s o l v e d f r e e a n i n o a c i d f r a c t i o n s a r e low i n chose 

a c i d s . A l s o , t h e m a c r o m o l e c u l a r s p e c i e s , s i z e d a s p a r t of 

t h i s s t u d y , has been found t o be s m a l l . T h e s e 

o b s e r v a t i o n s may be due zo zhe f a c t c h a t t h e l a r g e 

i n a c r o m o l e c u l e s d e r i v e d from th e p h y t o p l a n k t o n undergo a 

" s n i p p i n g " p r o c e s s , e.g. by an a r g i n a s e enzyme, 

( C r a w f o r d e t a l 1974) to p r e f e r e n t i a l l y remove t h a t amino 

a c i d r e s u l t i n g i n s m a l l e r m o l e c u l e s , c o n t a i n i n g f e w e r 

b a s i c amino a c i d s . 

I n g e n e r a l t h e g l y c i n e c o n t e n t of t h e s i z e d f r a c t i o n 

was o b s e r v e d t o be l e s s Chan t h e g l y c i n e c o n t e n t of t h e 

o r i g i n a l u n s i z e d DCAA f r a c t i o n . T h i s may i n d i c a t e t h e 

p r e s e n c e of a l a r g e r m a c r o m o l e c u l a r s p e c i e s , c o n s i s t i n g 

of p r e d o m i n a n t l y g l y c i n e . The r e a s o n s f o r t h i s a r e n o t 

u n d e r s t o o d . However, L i e b e z e i t e t a l . (1985) s t a t e s t h a t 

h i g h g l y c i n e l e v e l s i n d i c a t e a m a t e r i a l o f a r e f r a c t o r y 

n a t u r e . 
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CHAPTER 6. 

LEVELS AND COMPOSITION OF • THE DISSOLVED FREE AND 

DISSOLVED COMBINED AMINO ACID FOUND I N DEPTH PROFILE 

SAMPLES. 

6,1 I n t r o d u c t i o n . 

The o c e a n s may be d i v i d e d i n t o v e r t i c a l z o n e s 

depending upon s u c h f a c t o r s a s l i g h t , t e m p e r a t u r e , 

d e n s i t y and n u t r i e n t c o n c e n t r a t i o n s . 

The t h r e e v e r t i c a l z o n e s , r e l a t i n g t o t h e 

a v a i l a b i l i t y of s u n l i g h t a s an e n e r g y s o u r c e f o r p r i m a r y 

p r o d u c t i v i t y , a r e t h e p h o t i c ( e u p h o t i c ) zone, i n w h i c h 

t h e r e i s s u f f i c i e n t l i g h t f o r p h o t o s y n t h e s i s , t h e 

d i s p h o t i c zone, w h i c h i s too dim f o r p h o t o s y n t h e s i s , -and 

the a p h o t i c zone, where t h e r e i s no l i g h t . ( P a r s o n s e t 

a l . 1984, Monkhouse and S m a l l 1978 and D a r l e y 1 9 8 2 ) . The 

i n t e n s i t y and w a v e l e n g t h of l i g h t i s dependent upon t h e 

sun's p o s i t i o n , t h e s e a s o n and t h e c l o u d c o v e r . I n t h e 

n o r t h e r n t e m p e r a t e r e g i o n s , d a i l y i l l u m i n a t i o n r e a c h e s a 

maximum i n t e n s i t y i n May-June, and a minimum i n t e n s i t y i n 

December-January. (Boney 1 9 7 5 ) . The d e p t h s of t h e 

l i g h t zones change w i t h l a t i t u d e , s e a s o n , amount of 

suspended m a t e r i a l and t h e l o c a l t e r r a i n . At t h e 

h y d r o g r a p h i c s t a t i o n E l , twenty two m i l e s o f f Plymouth 

i n t he E n g l i s h C h a n n e l , t h e e u p h o t i c zone e x t e n d s t o a 

depth of a p p r o x i m a t e l y 24 to 36 m, w i t h an o v e r a l l d e p t h 

from s u r f a c e t o s e a bed of 70m. 

The s e a s o n a l l i g h t i n t e n s i t y i s c l o s e l y a s s o c i a t e d 
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w i t h t e m p e r a t u r e c h a n g e s . D u r i n g t h e p e r i o d s of i n c r e a s e d 

s u n l i g h t , the s u r f a c e w a t e r s become warmer and l e s s d e nse 

than the c o o l e r d e e p e r w a t e r s . E v e n t u a l l y , w i t h 

c o n t i n u e d warm.ing and c a l m c o n d i t i o n s , t h e two l a y e r s c f 

w a t e r w i l l no l o n g e r mix, g i v i n g r i s e t o two b o d i e s of 

w a t e r w i t h d i f f e r e n t t e m p e r a t u r e s and d e n s i t i e s . The a r e a 

of s h a r p t e m p e r a t u r e change between t h e two b o d i e s of 

w a t e r i s known a s a t h e r m o c l i n e . D u r i n g t h e summer 

months a t h e r m o c l i n e d e v e l o p s a t s t a t i o n E l a t a depth of 

a p p r o x i m a t e l y 20 m. Due t o t h i s l a c k " of m i x i n g , t h e two 

w a t e r masses can d i v e r g e i n t h e i r n u t r i e n t c o n t e n t , 

e s p e c i a l l y i f d i f f e r e n t p r o c e s s e s a r e o c c u r r i n g i n t h e 

w a t e r body e.g. i n t h e warmer upper w a t e r s , t h e n i t r a t e 

l e v e l s can be r e d u c e d to below t h e l i m i t s of d e t e c t i o n , 

w h i l e c o o l e r d e e p e r w a t e r s do n o t l o s e n i t r a t e . ( O ' N e i l l 

1985) . 

A s t u d y of t h e d i s s o l v e d f r e e and d i s s o l v e d combined 

amino a c i d l e v e l s and c o m p o s i t i o n w i t h d e p t h , may show 

d i f f e r i n g r e s u l t s f o r t h e p h o t i c zone, where both 

p h o t o s y n t h e s i s and r e s p i r a t i o n o c c u r d u r i n g d a y l i g h t 

h o u r s , and t h e d i s p h o t i c and a p h o t i c z o n e s , where o n l y 

r e s p i r a t i o n o c c u r s . Any d i f f e r e n c e between t h e r e s u l t s 

of the l i g h t z o n e s must be a t t r i b u t a b l e t o t h e a c t i v i t y 

of t h e p h y t o - and p h o t o s y n t h e t i c b a c t e r i o p l a n k t o n . 

F u r t h e r m o r e , an i n v e s t i g a t i o n of t h e d i s s o l v e d combined 

and d i s s o l v e d f r e e amino a c i d l e v e l s may- l e a d t o a 

c l e a r e r u n d e r s t a n d i n g o f t h e p o s s i b l e r o l e o f f r e e and 

combined amino a c i d s as n u t r i e n t s i n w a t e r b o d i e s w i t h 

low n i t r a t e c o n c e n t r a t i o n s . 

The d e p t h p r o f i l e d a t a p r e s e n t e d i n t h i s c h a p t e r 
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c o n s i d e r e d a s a " s n a p s h o t " of t h e c o n c e n t r a t i o n of the 

a n a l y t e i n t h a t a l i q u o t of w a t e r a t t h e moment of 

a n a l y s i s . 

D e s p i t e the problem of r e p r e s e n t a t i v e s a m p l i n g , 

o u t l i n e d above, i t has been p o s s i b l e , u s i n g numerous 

r e s u l t s o b t a i n e d o v e r an a p p r o x i m a t e l y t w e l v e month 

s a m p l i n g p e r i o d , to c o n s t r u c t an o v e r a l l p i c t u r e of the 

l e v e l s and s p e c t r u m of f r e e and combined amino a c i d s i n 

l o c a l c o a s t a l w a t e r s . 

D u r i n g t h i s p e r i o d t h e s a m p l i n g f r e q u e n c y depended 

upon w e a t h e r c o n d i t i o n s and the a v a i l a b i l i t y of b o a t s but 

f o r much of t h e y e a r one b a t c h of s a m p l e s was c o l l e c t e d 

p e r wee)«. E a c h b a t c h c o m p r i s e d between 5 to 10 s a m p l e s 

c o l l e c t e d on t h e same day from d i f f e r e n t l o c a l i t i e s i n 

the s a m p l i n g a r e a . ( s e c t i o n 5 . 1 . 2 ) . 

5.1.1. P e r i o d of S a m p l i n g . 

D i s s o l v e d f r e e amino a c i d s were s a m p l e d from 

November 1985 to May .1987 w i t h a t o t a l of 295 s a m p l e s . Of 

t h e s e s a m p l e s , 158 were a l s o a n a l y s e d f o r d i s s o l v e d 

combined amino a c i d s d u r i n g t h e p e r i o d June 1986 to May 

1987. The number of s a m p l e s a n a l y s e d e a c h month c a n be 

s e e n below i n F i g . 5 . 1 ( a + b ) . 

5.1.2. The S a m p l i n g A r e a . 

A map of t h e s a m p l i n g a r e a i s g i v e n i n F i g . 5.2. 

( t a k e n from E v e n s 1 9 8 6 ) . The a v e r a g e d e p t h of t h e w a t e r 

i s 50m. D u r i n g t h e summer months a t h e r m o c l i n e i s p r e s e n t 

63 



f a l l s i n t o two g r o u p s . F i r s t l y , t h o s e from s t a t i o n E l 

t a k e n a t i n t e r v a l s d u r i n g t h e s a m p l i n g programme; ( F i g . 

6.1 to 6.6) and s e c o n d l y a n a l y s e s p e r f o r r i e d a t v a r i o u s 

s t a t i o n s ( F i g . 5.7) d u r i n g t h e J u l y 1937 c r u i s e on the 

RRS F r e d e r i c k R u s s e l l , ( F i g . 6.8 t o 6 . 1 4 ) . S a m p l e s 'taken 

d u r i n g the c r u i s e were o n l y a n a l y s e d f o r f r e e amino 

a c i d s , due to t h e l a c k of a c c e s s t o a c l e a n w o r k i n g a r e a 

and the t e c h n i c a l d i f f i c u l t y of s e a l i n g t u b e s i n 

u n s t a b l e s h i p c o n d i t i o n s . 

The r e s u l t s f o r t h e de p t h p r o f i l e a n a l y s e s a r e 

p r e s e n t e d i n the form of t a b l e s showing i n d i v i d u a l amino 

a c i d s l e v e l s and t o t a l amino a c i d c o n c e n t r a t i o n s . G r a p h s 

of t o t a l l e v e l s v e r s u s d e p t h a r e i n c l u d e d f o r e a c h s e t of 

a n a l y s e s . 

6.2. R e s u l t s . 

D a t e : 13.3.86 D i s s o l v e d f r e e amino a c i d s (DFAA).(uM). 

S t a t i o n E l . Depth (m) 

a . a . 0 5 10 20 35 50 70 

Asp 0.124 0.023 0.064 0.017 
G l u 0.033 0.024 0.020 
S e r 0.074 0.051 0.616 0.089 0.051 0.208 0.082 
H i s 
G l y 0.049 0.259 0.062 0.144 0.033 
Thr 0.039 
Arg 0.049 
A l a 0.014 0.022 0.258 0.041 0.022 0.089 0.044 
T y r 0.057 0.036 
Abu 
V a l 0,096 0.026 
Met 
T r p / I l e 0.045 
Phe 
Leu 0.046 
Orn 0.229 
L y s 
TOTAL(uM) 0.137 0.073 1.583 0.153 0.135 0.859 0.196 

100 



2-, 

1.5-

Conc 

(un> 

8.54 .^^J... i.^.m..«.,^,~^t^^- — 'X — . . - ,1. 

I 

18 35 
Depth («> 

6¥ 78 

Fig 6.1 Total Dissolved Free Amino Acid Levels 
For Station E l . 13.3.86. 
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Fig 6.2 Total Dissolved Free Amino Acid Levels 
For Station E l . 23.5.86. 



Date: 23.5.86 D i s s o l v e d f r e e amino a c i d s . ( u M ) . 

S t a t i o n E l . Depth (m) 

a. a . 0 5 10 20 35 50 70 

Asp 0.032 0.059 0.036 0.069 0.042 0.119 
G l u 0.027 0.032 0.026 . 0.056 0.042 0.059 
S e r 0.080 0.207 0.105 0.231 0.117 0.440 
H i s 0.164 
G l y 0.109 0.221 0.124 0.275 
Thr 0.061 0.088 0.096 
Arg 0.043 
A l a 0.049 0.087 0.035 0.104 0.059 0.139 
T y r 0.015 0.033 0.044 0.052 
Abu 
V a l 0.032 0.039 0.029 0.066 
Met - — 
T r p / I l e 
Phe 
Leu 
Orn 0.304 
L y s 

TOTAL(uM) BLD 0.188 0.587 0.217 0.884 0.457 1.714 
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D a t e : 16.7 .36 

S t a t i o n E l . 

a . a . 5 

Asp 
G l u 
S e r 
H i s 
G l y 
T h r 
Arg 
A l a 
T y r 
Abu 
V a l 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
L y s 

D i s s o l v e d f r e e amino a c i d s . ( u M ) 

Depth (m) 

20 35 

0.027 

0.035 

10 

0.C30 
0.025 
0.181 

0.033 
0 . 045 
0 . 078 

50 

0 .027 

70 

0 . 016 

0.044 

0.043 

0.042 0.078 

0.034 

TOTAL(uM) BLD 0.279 0.154 0.268 0.027 0.060 

D a t e : 16.7.86 D i s s o l v e d combined amino a c i d s . (uM) 

S t a t i n E l 

a. a. 

Depth (m) 

10 20 35 50 

Asp 0 . 128 0. 138 0 .119 0. 194 0. 116 
G l u 0. 145 0. 137 0 .161 0. 208 0. 086 
S e r 0. 133 0. 068 0. 119 
H i s 0. 160 0 . 240 0 .066 0. 236 
G l y 0. 388 0. 356 0 .543 0. 538 0. 387 
T h r 0. 170 0 .123 0. 143 0. 107 
Arg 0. 049 0 .083 0. 083 0. 059 
A l a 0. 109 0. 172 0 .124 0. 149 0. 102 
T y r 0. 018 0. 026 0 .014 0. 036 0. 021 
Abu 
V a l 
Met 
T r p / I l e 
Phe 
L e u 
Orn 
L y s 

0.020 

0.079 
0.070 0.073 

0.014 

0.089 

0.074 

TOTAL(uM) 1.250 1.361 1.223 1.882 0.997 

102 



(uM). 
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Fig 6.3a Total Dissolved Free Amino Acid Levels 
For Station E l . 16.7.86. 
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Fig 6.3b Total Dissolved Combined Amino Acid Levels 
For Station E l , 16.7.86. 



Dace: 27.8.86 Dissolved f r e e amino acids.(uM) 
S t a t i o n E l . Depth (m). 
a.a. 0 10 15 
Asp 0.037 0.023 0.053 
Glu 0.046 
Ser 0.056 0.078 0.155 
His 
Gly 0.085 
Thr 
;,j,g 
Ala 0.045 0.076 
Tyr 
Abu 
Val 0.024 
Met - . 
T r p / I l e 
Phe 
Leu 
Orn 0.107 
Lys 
TOTAL(uM)0.093 0.277 0.415 
Date: 27.8.86 Dissolved combined amino acids.(uM) 
S t a t i o n E l . Depth (m). 
a.a. 0 10 15 
Asp 0.133 0.093 0.198 
Glu 0.202 0.163 0.567 
Ser 0.329 
His 0.181 
Gly 0.615 0.194 0.859 
Thr 0.172 0.122 0.242 
Arg 0.088 0.205 
Ala 0.057 0.036 0.179 
Tyr 0.028 0.028 0.062 
Abu 
Val 0.142 
Met 
T r p / I l e 0.065 
Phe 0.076 
Leu 0.048 0.099 
Orn 0.128 0.265 
Lys 0.106 
TOTAL(uM) 1.388 0.965 3.329 
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Fig 6.4a Total Dissolved Free Amino Acid Levels 
For Station E l , 27.8.86. (Stormy Conditions). 
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Fig 6.4b Total Dissolved Combined Amino Add Levels 
For Station E l , 27.8.86. 



Date: 7.10.86 Dissolved f r e e amino acids.(uM). 
S t a t i o n E l . Depth (m). 
a.a. - 5 10 20 35 50 70 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 

0 
0 
. 064 
.101 

0 
0 
0 
.071 
.089 
.146 

0 
0 
0 
.032 
. 026 
. 142 

0 .038 0 .037 0 
0 
0 
.088 
.053 
. 499 

0 
0 
. 064 
.101 

0 
0 
0 
.071 
.089 
.146 

0 
0 
0 
.032 
. 026 
. 142 0 .193 0 .184 

0 
0 
0 
.088 
.053 
. 499 

0 .078 0 .140 0 .054 0 .295 0 .078 0 .140 0 .054 0 .295 

0 .032 
0 .013 0 .041 0 .103 0 .084 0 

0 
.166 
.055 0 .032 

0 
0 
.166 
.055 

0 .042 0 .042 
_ 

0 . 176 0 . 176 

0 .197 0 .319 0 . 319 0 . 474 0 .359 1 .374 
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Fig 6.5 Total Dissolved Free Amino Acid Levels 
For Station E l , 7.10.86. 



Date: 21.1.87 Dissolved f r e e amino acids (uM). 
S t a t i o n E l . Depth (m). 
a.a. - 0 5 10 20 35 50 70 
Asp 0.029 0.068 0.02S 0.076 0.103 
Glu 0.016 
Ser 0.158 0.394 0.165 0.089 0.180 0.477 
His 
Gly 0.177 0.191 0.222 0.201 
Thr 
J^^g 
Ala 0.055 0.048 0.068 0.106 
Tyr 0.034 
Abu 
Val 0.037 0.038 0.052 
Met 
T r p / I l e 
Phe 
Leu 
Orn 0.100 0.155 
Lys 
TOTAL(uM) 0.364 0.191 0.910 0.241 0.089 0.362 1.110 
Date: 21.1.87 Dissolved combined amino acids.(uM). 
S t a t i o n E l . Depth (m). 
a.a. 0 5 10 20 70 
Asp 0.021 0.025 0.026 0.050 
Glu 0.025 0.125 0.037 0.100 
Ser 
His 0.075 0.300 0.287 0.250 
Gly 0.040 0.250 0.710 0.552 0.618 
Thr 
Arg 
Ala 0.027 0.087 0.100 0.050 0.125 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL(uM) 0.167 0.358 1.260 0.952 1.143 
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Fig 6,6b Total Dissolved Combined Amino Add Levels 
For Station E l , 21.1.87. 
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Fig 6.7 Sampling Area for the July 1987 Cruise 



Date: 14.7.87 20.00 hrs . Dissolved f r e e amino acids.(uM) 
S t a t i o n Ml. Cruise J u l y 1987. 

Depth (m). 
a.a. 5 10 20 35 50 70 
Asp 0.088 0.031 0.367 0.037 
Glu 0.186 
Ser 0.043 0.369 0.091 2.879 0.173 
His 
Gly 0.128 0.309 0.221 2.135 0.076 
Thr 0.241 
Arg 0.164 0.138 0.116 0.326 0.095 
Ala 0.050 0.144 1.047 0.078 
Tyr 0.032 0.097 
Abu 
Val 0.059 0.316 
Met 
T r p / I l e 0.103 
Phe 0.054 
Leu 0.100 0.095 
Orn 0.453 0.626 0.552 0.599 0.308 
Lys 0.460 
TOTAL(uM) 0.838 1.765 1.011 8.910 0.862 BLD 
Date: 15,7.87 10.00 Hrs. Dissolved f r e e amino a c i d s . 
(uM) . 
S t a t i o n Ml. Cruise J u l y 1987. 

Depth (m). 
a.a. " 5 10 20 35 50 70 
Asp ' 0.099 0.058 0.046 0.166 0.044 
Glu 0.048 
Ser 0.356 0.239 0.160 0.808 0.107 
His 
Gly 0-147 0.317 0.102 
Thr 
Arg 
Ala 0.059 0.143 0.091 0.052 0.278 
Tyr 0.046 0.035 
Abu 
Val 0.106 
Met 
T r p / I l e 
Phe 
Leu 
Orn 0.229 
Lys 
TOTAL{uM) 0.206 0.961 0.388 0.360 1.670 0.151 
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Fig 6.8 Cruise July 1987. Dissolved Free Amino Add 
Levels For Station Ml, 20.00 Hrs. 14.7.87. 
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Fig 6.9 Cruise July 1987, Dissolved Free Amino Add 
Levels For Station Ml. 10.00 Hrs. 15.7.87. 



Date: 15.7.87 19.00 Hrs. DFAA S t a t i o n Ml. Cruise. 
(uM) . 

Depth (m) 
a.a. - 5 10 20 35 50 70 
Asp 0.048 0.102 0.083 0.045 0.032 0.252 
Glu 0.073 
Ser O.'IOS 0.859 0.239 0.231 0.328 1.192 
His 
Gly 0.557 0.164 
Thr 0.063 
Arg 0.099 
Ala 0.297 0.062 0.372 
Tyr 0.037 0.031 
Abu 
Val 0.095 0.162 
Met 
T r p / I l e 
Phe 
Leu '• 
Orn 0.188 0.321 
LyS 
TOTAL(uM) 0.156 2.297 0.322 0.276 0.482 2.577 

Date: 16.7.87 07.00 Hrs. DFAA S t a t i o n M2. Cruise. 
(uM) . 

Depth (m). 
a.a. 5 10 20 35 50 70 
Asp 0.029 0.067 
Glu 
Ser 0.086 0.088 0.026 0.172 
His 
Gly 0.131 
Thr 
Arg 
Ala 0.052 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL(uM) 0.131 0.086 0.140 0.055 BLD 0.239 
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Fig 6.10 Cruise July 1987. Dissolved Free Amino Acid 
Levels For Station Ml, 19.00 Mrs. 15.7.87. 
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Fig 6.11 Cruise July 1987. Dissolved Free Amino Acid 
Levels For Station M2. 07.00 Hrs. 16.7.87. 



Date: 16.7.87 20.00 Hrs. DFAA S t a t i o n DR/87. Cruise 
(uM) . 

Depth (m). 

a. a 10 20 35 50 70 
Asp 0.023 0.066 0.045 
Glu 
Ser 0.091 0.075 0.192 
His . 
Gly 0.108 
Thr 
Arg 
Ala 0.068 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL(uM) BLD 0.113 0.075 0.066 0.068 0.345 

Date: 17.7.87 20.00 Hrs. DFAA S t a t i o n DR/87. Cruise 
(uM) . 

Depth (m). 
a.a. 5 10 20 35 50 70 
Asp 0.035 0,047 0.034 0.093 
Glu 0.062 0.059 0.056 
Ser 0.074 0.121 0.165 0.332 
His 
Gly 
Thr 
Arg = 
Ala 0.074 0.048 0.086 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 0.054 
Orn 
Lys TOTAL(uM) 0.136 0.289 0.314 0.034 BLD 0.567 
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Fig 6.12 Cruise July 1987, Dissolved Free Amino Acid 
Levels For Station DR/87, 20.00 Hrs. 16.7.87. 
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Fig 6.13 Cruise July 1987, Dissolved Free Amino Add 
Levels For Station DR/87. 20.00 Hrs. 17.7.87. 



Date: 18.7.37 21.00 Hrs. DFAA 
(uM) . 

Depth (m 
S t a t i o n E l . Cruise 

a. a 10 20 35 

0.039-
0.357 
0.132 

Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe . 
Leu 
Orn 
Lys 
TOTAL(uM) BLD 0.528 

50 
0.038 0.037 

0.053 
0.110 0.162 

0.064 

0.200 BLD 0 .264 

70 

0.069 

0.069 

Date: 19.7.87 08.00 Hrs 
(uM) . 

a. a 10 

DFAA S t a t i o n E l . Cruise 
Depth (m). 
20 35 50 70 

Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 

0.045 
0.216 

0.053 0.068 0.040 
0.054 0.064 0.052 

0.171 0.099 0.182 

0.118 0.094 0.093 

0.059 

0 . 064 

TOTAL(uM) 0.045 0.334 0.201 0.396 0.151 0.345 
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Fig 6.14 Cruise July 1987, Dissolved Free Amino Acid 
Levels For Station E l . 21.00 Hrs. 18.7.87. 
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Fig 6.15 Cruise July 1987, Dissolved Free Amino Acid 
Levels For Station E l . 1800 Hrs. 19.7.87. 



6.3. D i s c u s s i o n . 

The d e p t h p r o f i l e r e s u l t s show s e v e r a l p a t t e r n s 

w h i c h a r e d e t a i l e d b e l o w . A l l p r o f i l e s , w i t h t h e 

e x c e p t i o n o f one t a k e n d u r i n g b a d - w e a t h e r c o n d i t i o n s , h a d 

d i s s o l v e d f r e e amino a c i d maxima a t 2 two d e p t h s , and 

a l s o showed l o w d i s s o l v e d f r e e a m i n o a c i d l e v e l s a t t h e 

5m d e p t h . A g a i n , t h e e x c e p t i o n was t h e p r o f i l e t a k e n i n 

a d v e r s e w e a t h e r c o n d i t i o n s . P r e v i o u s w o r k e r s , I t t e k k o c 

( 1 9 8 2 ) , Mopper & L i n d r o t h ( 1 9 8 2 ) , P o u l e c e t a l . ( 1 9 8 4 ) 

and L i e b e z e i t & V e l i m i r o v ( 1 9 8 4 ) , r e p o r t a m i n o a c i d 

maxima i n d e p t h p r o f i l e s a m p l e s . The p o s s i b l e r e a s o n s f o r 

t h e i n c r e a s e s and d e c r e a s e s i n t h e d i s s o l v e d f r e e a m i no 

a c i d c o n t e n t o f s e a w a t e r h a v e been d i s c u s s e d i n C h a p t e r 

5. 

The p r o f i l e s w h i c h h a v e two maxima, show 69 p e r c e n t 

w i t h one o f t h e p e a k s f o r d i s s o l v e d f r e e a m i n o a c i d 

c o n t e n t , a t a d e p t h o f 10 m. These r a i s e d d i s s o l v e d f r e e 

a mino a c i d l e v e l s , may be a s s o c i a t e d w i t h t h e c h l o r o p h y l l 

maximum w h i c h o f t e n o c c u r s a t t h i s d e p t h . U n f o r t u n a t e l y 

t h e r e was no c h l o r o p h y l l d a t a w i t h w h i c h t o c h e c k t h i s 

h y p o t h e s i s . 30 p e r c e n t o f t h e p r o f i l e s had a maximum a t 

35 m w h i c h i s a t t h e l o w e s t d e p t h s t o w h i c h t h e p h o t i c 

zone may e x t e n d . 20 p e r c e n t o f p r o f i l e ? had a p e a k a t 50 

m and 54 p e r c e n t had r a i s e d d i s s o l v e d f r e e a m i n o a c i d -

l e v e l s a t 70 m, w h i c h may be due t o t h e c l o s e p r o x i m i t y 

o f t h e s e d i m e n t s . The i n c r e a s e d l e v e l s f o r t h e d i s s o l v e d 

f r e e a c i d f r a c t i o n shows a c o n c o m i t a n t r i s e i n t h e nu.r.ber 

o f a c i d s p r e s e n t i n t h e s p e c t r a , as was t h e case f o r 
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c o a s c a l s u r f a c e s a m p l e s , { C h a p t e r 5 ) . The o v e r a l l 

p i c t u r e , d e r i v e d f r o m e x a m i n a t i o n o f t h e d e p t h p r o f i l e s , 

i s o f a maxima w i t h i n t h e p h o t i c zone (10 t o 35m), 

g e n e r a l l y f o l l o w e d by a' maxima i n t h e a p h o t i c zone, (50 

t o 70 m). 

I t i s i n t e r e s t i n g t o n o t e t h a t , o r n i t h i n e o c c u r s i n 

54 p e r c e n t o f t h e s a m p l e s w i t h r a i s e d l e v e l s o c c u r i n g i n 

t h e 35 t o 70m a r e a , c o m p a r e d w i t h o n l y 23 p e r c e n t o f 

s a m p l e s a t t h e 10 m d e p t h . T h i s i n c r e a s e d o r n i t h i n e 

c o n t e n t o f t h e d i s s o l v e d f r e e f r a c t i o n w i t h d e p t h , may be 

due t o g r e a t e r h e t e r o t r o p h i c a c t i v i t y . An i n c r e a s e i n a l l 

t h e b a s i c amino a c i d s w i t h d e p t h , was n o t f o u n d i n t h i s 

s t u d y . T h i s i s i n c o n t r a s t t o t h e f i n d i n g s o f Mopper & 

L i n d r o t h ( 1 9 8 2 ) . 

I n t h e t h r e e p r o f i l e s a n a l y s e d f o r d i s s o l v e d 

c o m b i n e d amino a c i d s , t h i s f r a c t i o n i s .on a v e r a g e 5 

t i m e s h i g h e r t h a n t h e f r e e a c i d s . The p a t t e r n i s s i m i l a r 

t o t h a t f o u n d i n c o a s t a l s u r f a c e w a t e r s a m p l e s . The 

d i f f e r e n c e i n l e v e l s , b e t w e e n t h e two f r a c t i o n s , may be 

due t o use o f t h e f r e e a c i d s , by t h e b i o t a , as a 

n u t r i e n t s o u r c e . A s i m i l a r p a t t e r n , f o r t h e c o m p o s i t i o n 

o f t h e d i s s o l v e d c o m b i n e d amino a c i d f r a c t i o n i n 

c o a s t a l s a m p l e s , was f o u n d i n d e p t h p r o f i l e s t u d i e s , w i t h 

t h e c o m b i n e d f r a c t i o n h a v i n g many more a c i d s p r e s e n t i n 

t h e s p e c t r a t h a n t h e f r e e f r a c t i o n . A g a i n , t h e c o m b i n e d 

f r a c t i o n i s d o m i n a t e d by t h e p r e s e n c e o f g l y c i n e , 

( c h a p t e r 5 ) . 

I l l 



CHAPTER 7. 

LEVELS AND COMPOSITION OF THE DISSOLVED FREE AMINO ACIDS 

I N THE TAMAR ESTUARY. 

7.1 I n t r o d u c t i o n . 

An e s t u a r y i s d e f i n e d as t h e t i d a l m o u t h o f a r i v e r , 

w h e r e t h e c h a n n e l b r o a d e n s o u t i n t o a V - s h a p e , w i t h i n 

w h i c h t h e t i d e ebbs and f l o w s , (Monkhouse & S m a l l 1 9 7 8 ) . 

An e s t u a r y i s u s u a l l y d i v i d e d i n t o t h r e e s e c t i o n s ; an 

u p p e r f l u v i a l ( r i v e r ) a r e a , c h a r a c t e r i s e d by f r e s h w a t e r 

b u t s u b j e c t t o t i d a l a c t i o n . The m i d d l e e s t u a r y , w h e r e 

l a r g e s c a l e m i x i n g o f f r e s h w a t e r and sea w a t e r o c c u r s , 

and t h e l o w e r e s t u a r y , i n d i r e c t c o n n e c t i o n w i t h t h e s e a . 

The e s t u a r y and t h e sea a r e v e r y d i f f e r e n t s y s t e m s . 

T h i s i s i l l u s t r a t e d b y t h e c h a n g e s i n s a l i n i t y , pH, 

t u r b i d i t y , i o n i c a nd t e m p e r a t u r e g r a d i e n t s d u r i n g t h e 

p a s s a g e o f t h e r i v e r t o t h e s e a . F i g 7.1 r e p r o d u c e d f r o m 

M o r r i s e t a l . ( 1 9 8 2 ) , shows t h e c h a n g e s i n pH, s a l i n i t y 

and t u r b i d i t y f o r t h e Tamar e s t u a r y , w h i c h e m p h a s i s e s t h e 

c o m p l e x n a t u r e o f e s t u a r i n e p r o c e s s e s . 

The t u r b i d i t y o f e s t u a r i n e w a t e r s i s due t o 

s u s p e n d e d p a r t i c u l a t e m a t e r i a l , M o r r i s e t a l . ( 1 9 8 5 ) 

c l a s s i f y t h e s u s p e n d e d m a t e r i a l i n t o t h r e e c a t e g o r i e s . 

F i r s t l y , i n o r g a n i c p a r t i c l e s d e r i v e d f r o m e r o s i o n a n d 

w e a t h e r i n g . S e c o n d l y , p a r t i c l e s g e n e r a t e d b y p r o c e s s e s 

o c c u r r i n g w i t h i n t h e w a t e r c o l u m n . T h i r d l y , b i o g e n i c 

p a r t i c l e s e.g. l i v i n g b i o t a , d e a d and d e c a y i n g r e m a i n s , 

f a e c a l p e l l e t s , t e r r e s t r i a l p l a n t d e b r i s , i n d u s t r i a l a n d 
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w a s t e . The s u s p e n d e d and s e d i m e n c e d 

p a r t i c u l a t e m a t e r i a l w i l l c o m p r i s e a m i x t u r e o f t h e s e 

t h r e e c l a s s e s . The l e v e l s o f s u s p e n d e d . T . a t e r i a l a r e 

v a r i a b l e w i t h l a r g e i n c r e a s e s o c c u r r i n g a f t e r h e a v y r a i n . 

( B u c l e r & T i b b i t s 1972) . Suspended n i a t t e r c a n g r e a t l y 

a f f e c t l i g h t p e n e t r a t i o n and t h e r e f o r e t h e d e p t h o f t h e 

p h o t i c zone i n e s t u a r i n e w a t e r s . I n t h e Tamar e s t u a r y 

t h e t u r b i d i t y maximum o c c u r s i n t h e r e g i o n s w i t h a 

s a l i n i t y r a n g e o f a p p r o x i m a t e l y 1 t o 5 (Evens 1 3 8 6 ) . 

I n t h e Tamar e s t u a r y , w h e r e t h e s u s p e n d e d m a t t e r c a n 

r e a c h l e v e l s o f a p r o x i m a t e l y 1,000 mg p e r l i t r e , t h e 

s u r f a c e c h e m i s t r y b e t w e e n p a r t i c l e s a n d d i s s o l v e d 

c o n s t i t u e n t s i s o f g r e a t e c o l o g i c a l i m p o r t a n c e . I n f a c t , 

t h e c o n c e n t r a t i o n s o f some d i s s o l v e d c o n s t i t u e n t s a r e 

c o n t r o l l e d by t h e s e mechanisms, e.g. p h o s p h o r u s l e v e l s . 

The f r e s h w a t e r - s a l t w a t e r i n t e r f a c e i s t h e l o c a t i o n 

o f many c h e m i c a l and p h y s i c a l c h a n g e s . M o r r i s ( 1 9 7 3 ) 

c o n s i d e r s t h i s i n t e r f a c e t o be t h e a r e a w h e r e the. b i o t a 

e x p e r i e n c e t h e most s e v e r e i o n i c a nd o s m o t i c c h a n g e s and 

s u g g e s t s t h a t t h e s e e f f e c t s w o u l d be r e f l e c t e d i n t h e 

amino a c i d c o m p o s i t i o n o f t h e s e w a t e r s c o m p a r e d t o o t h e r 

a r e a s o f t h e e s t u a r y . I n t h e Tamar e s t u a r y , t h e f r e s h 

w a t e r / s a l t w a t e r i n t e r f a c e i s f o u n d i n t h e s a l i n i t y 

r e g i o n 3 t o 13, o v e r l a p p i n g t h e t u r b i d i t y maximum. 

The l e v e l s a nd s e a s o n a l v a r i a t i o n o f t o t a l 

d i s s o l v e d n i t r o g e n , n i t r a t e , n i t r i t e , ammonia and 

d i s s o l v e d o r g a n i c n i t r o g e n , i n t h e Tamar have been 

r e p o r t e d by B u t l e r & T i b b i t s ( 1 9 7 2 ) ; most o f t h e T i i c r o g e n 

i s p r e s e n t as n i t r a t e and n i t r i t e . Heavy r a i n f a l l c a u s e s 

s h a r p r i s e s i n n i t r a t e a nd n i t r i t e l e v e l s , w h i l e 
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d i s s o l v e d o r g a n i c n i t r o g e n shows l i t t l e v a r i a t i o n . 

B u t l e r & T i b b i t s ( l o c c i t ) s u g g e s t t h a t much o f t h e 

d i s s o l v e d o r g a n i c m a t t e r i n t h e r i v e r n e v e r r e a c h e s t h e 

sea due t o p r e c i p i t a t i o n p r o c e s s e s . 

A d i s s o l v e d c h e m i c a l c o n s t i t u e n t s u b j e c t e d t o 

c o m p l e x e s t u a r i n e c o n d i t i o n s c a n b e h a v e i n a number o f 

ways. The c o n s t i t u e n t i s s a i d t o b e h a v e c o n s e r v a t i v e l y i f 

t h e c o n c e n t r a t i o n o f t h e c h e m i c a l i s d i r e c t l y r e l a t e d t o 

t h e d e g r e e o f m i x i n g b e t w e e n t h e f r e s h and s a l t w a t e r . 

(Head 1 9 8 5 ) . T h e r e f o r e a c o n s t i t u e n t d i s p l a y i n g 

c o n s e r v a t i v e b e h a v i o u r , i s s u g g e s t i v e o f b e i n g 

u n a f f e c t e d by any p r o c e s s o t h e r t h a n d i l u t i o n . T h i s 

p r o d u c e s a t h e o r e t i c a l d i l u t i o n l i n e f o r t h e d i s s o l v e d 

c h e m i c a l c o n s t i t u e n t . A g r a p h i c a l r e p r e s e n t a t i o n o f t h i s 

c o n s e r v a t i v e b e h a v i o u r can be s e e n i n F i g . 7.2. Where a 

c h e m i c a l c o n s t i t u e n t b e h a v e s n o n - c o n s e r v a t i v e l y t h e r e 

w i l l be d e v i a t i o n s a b ove, ( f o r a d d i t i o n ) , o r b e l o w , ( f o r 

r e m o v a l ) , t h e t h e o r e t i c a l d i l u t i o n l i n e ( F i g . 7 . 2 ) . 

M o r r i s ( 1 9 8 5 ) g i v e s more c o m p l e x p i c t u r e s o f a d d i t i o n 

?.nd/or r e m o v a l o f a c o n s t i t u e n t d u r i n g i t s p a s s a g e down 

t h e e s t u a r y . ( F i g . 7 . 3 ) . 

A map s h o w i n g t h e Tamar e s t u a r y and t h e t w o 

t r i b u t a r y r i v e r s t h e R. L y n h e r and t h e Tv.. T a v y can be 

seen i n F i g . 7.4 f r o m M o r r i s e t a l . ( 1 9 8 2 ) , w h i c h 

e m p h a s i z e s t h e c o m p l e x n a t u r e o f t h i s e s t u a r i n e s y s t e m . 

D u r i n g t h e p r e s e n t i n v e s t i g a t i o n o f e s t u a r i n e 

w a t e r s , s a m p l e s were c o l l e c t e d f r o m t h e Tamar e s t u a r y a t 

a p p r o x i m a t e l y 0.5 m d e p t h s a l o n g t h e s a l i n i t y g r a d i e n t 

f r o m 0 t o 32. The s a m p l e s w e r e f i l t e r e d i n t o p l a s t i c 

b o t t l e s and k e p t c o o l i n an i n s u l a t i n g c o n t a i n e r on b o a r d 
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s h i p u n t i l t h e y c o u l d be p l a c e d i n a r e f r i g e r a t o r p r i o r 

t o a n a l y s i s . A l l s a m p l e s w e r e a n a l y s e d w i t h i n s e v e n h o u r s 

o f a r r i v a l a t t h e l a b o r a t o r y , (See c h a p t e r 2 ) . Due t o t h e 

p r o b l e m o f o x i d a t i v e l o s s e s , o c c u r r i n g d u r i n g a c i d 

h y d r o l y s i s i n t h e p r e s e n c e o f h i g h n i t r a t e l e v e l s as 

o u t l i n e d i n c h a p t e r 3, o n l y d i s s o l v e d f r e e a m i n o a c i d 

a n a l y s e s were c a r r i e d o u t f o r e s t u a r y s a m p l e s . 

The r e s u l t s o f t h e d i s s o l v e d f r e e a m i n o a c i d 

a n a l y s e s a r e p r e s e n t e d as t a b l e s o f i n d i v i d u a l a nd t o t a l 

d i s s o l v e d f r e e a m i n o a c i d l e v e l s , and g r a p h s o f t h e 

t o t a l f r e e a m i no a c i d l e v e l s v e r s u s s a l i n i t y . 

7.2 R e s u l t s . 

D a t e : 2 4 . 3 . 8 6 D i s s o l v e d f r e e a m i n o a c i d s . ( u M ) . 

S a l i n i t y . 

a.a. 0 2.5 7 10 15 20 25 32 

Asp 0.037 0.177 0.289 0.126 0.174 0.155 0.047 0.096 
G l u 0.065 0.115 0.063 0.078 0.051 0.024 0.057 
Ser 0.388 0.828 1.266 0.490 0.858 0.672 0.156 0.464 
H i s 0.092 0.199 0.134 0.069 
G l y 0.269 0.533 0.790 0.288 0.597 0.463 0.050 0.316 
T h r 0.080 0.160 0.274 0.067 0.165 0.126 0.032 
A r g 0.062 0.113 0.023 0.091 0.027 0.067 
A l a 0.123 0.230 0.318 0.153 0.223 0.190 0.066 0.120 
T y r 0.049 0.074 0.140 0.055 0.090 0.080 0.021 0.025 
Abu 
V a l 0.108 0.360 0.156 0.137 0.215 0.165 0.036 0.067 
Met 
T r p / I l e 0.097 0.167 0.083 0.095 
Phe 0.061 0.099 
Leu 0.033 0.093 0.121 0.073 0.038 
Orn 0.188 0.317 0.490 0.189 0.327 0.227 0.151 
Lys 0.115 0.167 0.086 

TOTAL(uM) 1.275 3.264 4.704 1.591 3.121 2.393 0.400 1.433 
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D a t e : 21.5.86 D i s s o l v e d f r e e a m i n o a c i d s . 
S a l i n i t y . 

5 3 12 15 13 a. a. 

Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 

3 25 

0.046 0.027 0.048 0.055 0.118 0.055 0.043 0.047 
0.047 0.019 0.027 0.049 0.032 0.037 0.037 
0.155 0.079 0.088 0.235 0.428 0.215 0.063 0.173 

29 

0.114 
0.059 
0.314 

0.139 0.084 0.196 0.277 0.209 0.094 0.183 0.327 
0.030 • 0.049 

0.038 0.061 
0.075 0.033 0.060 0.078 0.166 0.093 0.146 

0.030 0.024 0.020 

0.039 0.058 0.085 

0.183 

TOTAL(uM)0.462 0.158 0.230 0.690 1.341 0.572 0.237 0.538 1.114 

D a t e : 25.6.86 D i s s o l v e d f r e e a m i n o a c i d l e v e l s . 

S a l i n i t y . 

0 3 5 8 a. a. 

Asp 
G l u 
Ser 
H i s 
G l y 
T h r 
A r g 
A l a 
T y r 
Abu 
V a l 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
L y s 

12 25 

0.070 
0.042 
0.291 

0.154 
0 .048 

0.107 
0.044 

0 .458 0 . 302 0 . 161 0. I l l 0. 1 7 1 
0 .136 0 .092 0 .057 0. 042 0 . 086 
2 .035 1 . 119 0 . 575 0. 332 0. 738 
0 . 228 0 .157 0 . 107 0 . 228 0 .157 0 . 107 
1 .038 0 .759 0 . 296 0 . 196 0. 447 
0 . 380 0 . 269 0 .105 0. 043 0 . 1 4 1 
0 .088 0 .065 0. 065 0 .088 0 .065 0. 065 
0 .642 0 . 372 0 .203 0. 149 0 . 255 
0 .179 0 .099 0 .064 0. 015 0. 069 

0.383 0.196 

0. 195 
0.123 
0.172 
0. 504 

0.146 

0.033 

0 . 046 

0.070 
0.071 
0.094 0.046 
0.424 0.276 
0.118 

0. 112 

0.067 

0.074 
0 . 207 

T0TAL{uM) 0.756 6.561 4.142 2.028 0.934 2.539 
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D a t e : 1 3 . 9 . 8 6 . D i s s o l v e d f r e e a m i no a c i d l e v e l s . 

S a l i n i t y , 

a.a. 0 . 3 5 12 

Asp 
G l u 
Ser 
H i s 
G l y 
T h r 
A r g 
A l a 
T y r 
Abu 
V a l 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 

0.036 

0.026 
0.036 

0.046 
0.071 0.026 

0.098 

18 

0.052 

0.114 

25 

0.037 
0.058 
0.087 

0.056 

0.044 0.032 0.051 0.046 

0.044 

0.100 0.128 

TOTAL(uM) 0.086 0.118 0.161 0.256 0.345 0.272 

D a t e : 12.3.87 

S a l i n i t y . 

a.a. 12 18 25 29 

Asp 0.039 0.041 0.046 0.046 
G l u 0.035 0.047 0.054 0.047 
Ser 0.048 0.132 0.095 0.155 
H i s 
G l y 0.097 0.125 0.124 
T h r 
A r g 
A l a 0.044 
T y r 
Abu 
V a l 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 

TOTAL(uM) 0.122 0.317 0.320 0.416 
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7.3 D i s c u s s i o n . 

The d i s s o l v e d f r e e amino a c i d l e v e l s , f o u n d i n t h i s 

s m a l l s c a l e s t u d y f o r t h e Tamar e s t u a r y , a r e 

a p p r o x i m a t e l y t h r e e t i m e s t h o s e f o u n d f o r c o a s t a l w a t e r s 

r e p o r t e d i n c h a p t e r 5. The d i s s o l v e d f r e e a m i n o a c i d 

v e r s u s s a l i n i t y p r o f i l e s d e p i c t e d i n F i g . 7.5 t o 7.7 

show l o w l e v e l s o f d i s s o l v e d f r e e a m i no a c i d s i n t h e 

u p p e r f l u v i a l a r e a o f t h e r i v e r , f o l l o w e d by a m i n o a c i d 

maxima i n t h e s a l i n i t y r e g i o n 3 t o 12. T h e r e i s t h e n a 

f a l l i n t h e l e v e l s o f amino a c i d s i n t h e m i d e s t u a r y , 

f o l l o w e d by a s m a l l i n c r e a s e i n l e v e l s a t t h e l o w e r s e a ­

w a r d end o f t h e e s t u a r y . T h i s i n d i c a t e s t h a t d i s s o l v e d 

f r e e amino a c i d s do n o t behave c o n s e r v a t i v e l y i n t h e 

e s t u a r i n e w a t e r s o f t h e Tamar. T h e r e i s an e n r i c h m e n t i n 

t h e a r e a o f t h e f r e s h w a t e r / s a l t w a t e r i n t e r f a c e and t h e 

t u r b i d i t y maximum. T h i s i s f o l l o w e d by r e m o v a l o f a c i d s 

i n m i d e s t u a r y a n d e n r i c h m e n t i n t h e l o w e r e s t u a r y . The 

t o t a l i r o n c o n t e n t f o r Tamar w a t e r s c a n r e a c h l e v e l s o f 2 

mg/1 f r o m t h e h u m i c s and a s s o c i a t e d i r o n . Under 

l a b o r a t o r y c o n d i t i o n s , i t i s known t h a t i r o n c a n remove 

some d i s s o l v e d f r e e amino a c i d s . However, t h e r e i s l i t t l e 

e v i d e n c e t h a t t h i s happens i n t h e Tamar u n d e r n a t u r a l 

c o n d i t i o n s . I n v e s t i g a t i o n s i n t o t h e r e m o v a l o f d i s s o l v e d 

f r e e amino a c i d s i n n a t u r a l s y s t e m s i s hampered by t h e 

c o m p l e x n a t u r e o f t h e s p e c i a t i o n o f i r o n i n t h e e s t u a r i n e 

w a t e r s . ( P e r s o n a l c o m m u n i c a t i o n E . I . B u t l e r ) . 

F l y n n & B u t l e r ( 1 986) c o n c l u d e t h a t t h e use o f 

d i s s o l v e d f r e e amino a c i d s by t h e p h y t o p l a n k t o n i s l i k e l y 

118 



CO be niosc s i g n i f i c a n c i n t h e absence o f p h o t o s y n t h e s i s 

e.g. a t n i g h t or i n areas o f h i g h t u r b i d i t y . I t would be 

expected t h e r e f o r e chat t h e area o f the t u r b i d i t y maximum 

( s a l i n i t y 1 t o 5) would have low d i s s o l v e d f r e e amino 

a c i d l e v e l s . However the p o s i t i o n i s f u r t h e r c o m p l i c a t e d 

by t h e presence of the f r e s h w a t e r / s a l t water i n t e r f a c e 

i n t h e same area as t h e t u r b i d i t y maxi.mum. F i g . 7.8 shows 

a d i s s o l v e d f r e e amino a c i d v e r s u s s a l i n i t y p r o f i l e caken 

a t a t i m e when t h e r e was no t u r b i d i t y maximum p r e s e n t i n 

the water body. ( P e r s o n a l communication E. I . B u t l e r ) . 

The h i g h d i s s o l v e d f r e e amino a c i d l e v e l s i n t h e area o f 

low s a l i n i t y were absent. T h i s may i n d i c a t e t h a t t h e 

f r e s h w a t e r / s a l t water i n t e r f a c e causes r e l e a s e o f 

d i s s o l v e d f r e e amino a c i d s f r o m t h e p a r t i c u l a t e m a t e r i a l s 

i n t h e t u r b i d i t y maximum as s u g g e s t e d by M o r r i s (1S78). 

E x a m i n a t i o n of the d i s s o l v e d f r e e amino a c i d 

spectrum shows more a c i d s p r e s e n t i n samples- w i t h h i g h 

f r e e a c i d l e v e l s . An example o f t h i s can be seen i n the 

p e r c e n t a g e c o m p o s i t i o n d a t a f o r t h e 25.6.86, ( F i g . 7.10). 

I t can be seen from F i g . 7.10 t h a t samples a and c are 

s i m i l a r i n b o t h l e v e l s and c o m p o s i t i o n whereas sample b 

d i f f e r s markedly i n b o t h l e v e l and the number o f a c i d s 

p r e s e n t . These r e s u l t s would seem t o s u p p o r t t h e 

s u g g e s t i o n by M o r r i s (1978) t h a t t h e f r e s h w a t e r / s a l t 

w a t e r i n t e r f a c e found i n t h e area o f t h e t u r b i d i t y 

maximum would show a d i f f e r e n t f r e e a c i d c o m p o s i t i o n from 

o t h e r areas o f the e s t u a r y . 
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Fig 7.10 Percentage Composition Of The Dissolved Free 
Amino Acids In An Estuary Sample, 25.6.86. a) Salinity o. 
b) Salinity 5. c) Salinity 12. 



CHAPTER 8. 

PRELIMINARY STUDIES OF DISSOLVED FREE AMINO ACID UPTAKE 
AND RELEASE BY PHYTOPLANKTON• 

8.1 I n t r o d u c t i o n . 

The seasonal r e s u l t s f o r t h e c o a s t a l d i s s o l v e d f r e e 

a.mino a c i d c o n c e n t r a t i o n s p r e s e n t e d i n Chapter 5, show a 

number o f pronounced i n c r e a s e s i n t h e d i s s o l v e d f r e e 

amino a c i d l e v e l s f o l l o w e d by a r e t u r n t o lower 

c o n c e n t r a t i o n s . Samples w i t h h i g h d i s s o l v e d f r e e amino 

a c i d v a l u e s showed a g r e a t e r number o f a c i d s p r e s e n t t h a n 

samples w i t h low amino a c i d l e v e l s . The p o s s i b l e causes 

of t h e r i s e i n f r e e amino a c i d l e v e l s w i t h t h e 

c o n c o m i t a n t i n c r e a s e i n the a c i d spectrum a r e : 

e x t r a c e l l u l a r r e l e a s e by t h e b o i t a , s l o p p y f e e d i n g o f 

z o o p l a n k t o n , c e l l l y s i s and decay ( K e l l e r e t a l . 1932 

F l y n n & B u t l e r 1986). The r e t u r n t o lower d i s s o l v e d f r e e 

amino a c i d l e v e l s accompanied by a r e d u c t i o n i n the a c i d 

spectrum may be due t o u p t a k e by t h e b i o t a o r a b s o r p t i o n 

o n t o p a r t i c l e s . 

A s e r i e s o f e x p e r i m e n t s was c a r r i e d o u t as a 

p r e l i m i n a r y i n v e s t i g a t i o n t o d e t e r m i n e whether 

p h y t o p l a n k t o n uptake and r e l e a s e c o u l d be r e s p o n s i b l e 

f o r t h e i n c r e a s e s and decreases i n d i s s o l v e d f r e e amino 

a c i d s f ound i n the e n v i r o n m e n t a l samples. Much work on 

d i s s o l v e d f r e e amino a c i d r e l e a s e and uptake has been 

c a r r i e d o u t u s i n g l a b o r a t o r y s t u d i e s o f p h y t o p l a n k t o n 

c u l t u r e s . As t he r i s e and f a l l i n d i s s o l v e d f r e e amino 
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a c i d l e v e l s f o u n d i n t h e e n v i r o n m e n t were f r o m n a t u r a l 

c o n d i t i o n s , i t was f e l t t h a t any work on p h y t o p l a n k t o n 

s h o u l d be w i t h as n a t u r a l a p o p u l a t i o n as p o s s i b l e . I t 

was t h e r e f o r e d e c i d e d , t o use a skimming t e c h n i q u e t o 

c o n c e n t r a t e t h e p h y t o p l a n k t o n o c c u r r i n g n a t u r a l l y i n t h e 

seawater, i n o r d e r t o d e t e r m i n e i f these p o p u l a t i o n s 

e x h i b i t e d e x t r a c e l l u l a r r e l e a s e . The p i c t u r e o f u p t a k e 

and r e l e a s e o f o r g a n i c m a t e r i a l by p h y t o p l a n k t o n has been 

shown t o be more complex. I n work w i t h c u l t u r e s , i t has 

been shown t h a t , a mechanism e x i s t s whereby p h y t o p l a n k t o n 

s t o r e amino a c i d s f o r use when n i t r o g e n c o n t a i n i n g 

n u t r i e n t s are a t low l e v e l s . ( P e r s o n a l c o m m u n i c a t i o n 

E . I . B u t l e r , K.J.Flynn) . 

8.2 Skimming E x p e r i m e n t s . 

P h y t o p l a n k t o n were removed f r o m t h e c o a s t a l w a t e r s 

u s i n g a f i n e tow n e t , o b t a i n e d f r o m t h e botan y d e p a r t m e n t 

of t h e Marine B i o l o g i c a l A s s o c i a t i o n o f t h e U.K. (MBA), 

the p l a n k t o n were t h e n p l a c e d i n a p p r o x i m a t e l y 5 cm3 o f 

sea w a t e r i n a g l a s s v i a l . T h i s skimming p r o c e s s 

e f f e c t i v e l y c o n c e n t r a t e s t h e p h y t o p l a n k t o n . The 

p h y t o p l a n k t o n sample was t h e n added t o a p p r o x i m a t e l y 

20cm3 o f sea w a t e r which had p r e v i o u s l y been a n a l y s e d f o r 

f o r d i s s o l v e d f r e e amino a c i d c o n t e n t . The 20 cm3 o f 

seawater was f r o m t h e MBA r e s e a r c h t a n k s . The 

p h y t o p l a n k t o n were l e f t i n t h e MBA w a t e r i n a c o v e r e d 

p l a s t i c b o t t l e f o r one h o u r . A f t e r t h a t t i m e 8 cm3 o f 

wat e r p l u s p l a n k t o n were removed f r o m t h e p l a s t i c b o t t l e 

u s i n g an a l l g l a s s s y r i n g e . A 0.22 urn M i l l e x - G V f i l t e r 
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was a t t a c h e d t o t h e s y r i n g e and 1 cin3 o f w a t e r f i l t e r e d , 

480 u l o f w h i c h was a n a l y s e d f o r d i s s o l v e d f r e e amino 

a c i d c o n t e n t . ( The amount o f water f i l t e r e d compared t o 

t h a t removed was s m a l l , a l s o , low p r e s s u r e s where 

employed d u r i n g t h e f i l t e r i n g p r o c e s s t o m i n i m i z e t h e 

p o s s i b i l i t y o f c e l l damage). The amino a c i d c o n t e n t o f 

the two samples i . e . seawacer o n l y and seawater p l u s 

p h y t o p l a n k t o n were compared t o d e t e r m i n e t h e e f f e c t o f 

p h y t o p l a n k t o n on t h e d i s s o l v e d f r e e amino a c i d l e v e l s and 

c o m p o s i t i o n o f t h e seawater sample. 

The e x p e r i m e n t o u t l i n e d above was u n d e r t a k e n u s i n g 

samples o f C o s c i n o d i s c u s , H a l o s p h e r a and d i a t o m s w h i c h 

were green and bu o y a n t , t h e s e were d e s i g n a t e d " h e a l t h y " 

c e l l s . The e x p e r i m n e t was a l s o c a r r i e d o u t u s i n g c e l l s o f 

Halosphera and C o s c i n o d i c u s w h i c h were brown i n c o l o u r 

and were no l o n g e r b u o y a n t , t h e s e were d e s i g n a t e d "dead" 

c e l l s . The t r u e p h y s i o l o g i c a l s t a t e o f t h e c e l l s was 

however unknown. 

I t s h o u l d be n o t e d t h a t any e x p e r i m e n t a t i o n on 

p h y t o p l a n k t o n c e l l s may l e a d t o c e l l shock. I t i s 

d i f f i c u l t t h e r e f o r e t o i n t e r p r e t whether t h e r e s u l t s o f 

an e x p e r i m e n t a r e s i m i l a r t o p r o c e s s e s o c c u r i n g i n t h e 

env i r o n m e n t o r a r e m e r e l y a r e f l e c t t h e e x p e r i m e n t s 

impact on t h e p h y t o p l a n k t o n c e l l s . 

8.3 R e s u l t s . 

The r e s u l t s o f t h e skimming e x p e r i m e n t s a r e g i v e n i n 

t a b l e s 8.1 t o 8.8, and d e t a i l t h e changes i n d i s s o l v e d 

f r e e amino a c i d l e v e l s between t h e s e a w a t e r , and t h e 
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seawater p l u s p h y t o p l a n k t o n , f o r the i d e n t i f i a b l e amino 

a c i d s . The p o s i t i o n o f a s p a r a g i n e as a s h o u l d e r on t h e 

s e r i n e peak was known f r o m t h e a n a l y s e s o f s t a n d a r d 

samples. However, e x t e n s i v e a n a l y s e s o f c o a s t a l seawater 

samples showed a s p a r a g i n e t o be absent f r o m t h e spectrum, 

and i t was t h e r e f o r e removed from t h e s t a n d a r d 

c a l i b r a t i o n m i x t u r e . The presence o f a s p a r a g i n e (Asn) i n 

the skimmed p h y t o p l a n k t o n samples i s , t h e r e f o r e , 

r e p o r t e d w i t h o u t q u a n t i f i c a t i o n . A l s o i n c l u d e d i n t a b l e s 

8.1 t o 8.8. a r e ' the r e t e n t i o n t i m e s o f u n i d e n t i f i e d 

d i s s o l v e d f r e e amino a c i d s p r e s e n t i n t h e seawater 

c o n t a i n i n g the p h y t o p l a n k t o n . The peak a t a p p r o x i m a t e l y 

24.6 m i n u t e s , c o r r e s p o n d i n g t o an unknown compound, was 

seen o c c a s i o n a l l y i n t h e r e s u l t s of the a n a l y s e s o f 

e n v i r o n m e n t a l samples. The o t h e r unknown compounds were 

o n l y observed i n t h e seawater c o n t a i n i n g c o n c e n t r a t i o n s 

of p h y t o p l a n k t o n c e l l s . F i g u r e s 8.1 t o 8.8 show the 

chromatograms o f t h e a n a l y s e s f r o m w h i c h t a b l e s 8.1 t o 

8.8 were d e r i v e d . 
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Table 8.1 The E f f e c t On The D i s s o l v e d Free Amino A c i d 
L e v e l s Of " H e a l t h y " C o s c i n o d i s c u s Added To Seawater. 
Date: 10.3.87 

Amino Amino a c i d s 
a c i d s i n seawater 
i d e n t i - (uM) 
f i e d . 

Amino a c i d s 
i n seawater 
p l u s 
p l a n k t o n . 
(uM) . 

I n c r e a s e 
i n 
amino 
a c i d s . 
(uM) . 

R e t e n t i o n 
t i m e o f 
u n i d e n t i ­
f i e d 
compounds 
( m i n u t e s ) 

Asp 
Glu 
Asn 
Ser 
H i s 
Gly 
Thr 
Arg 
A l a 
Tyr 
V a l 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 

0 . 062 
0.050 

0.312 

0.188 

0.075 

0.100 

0.175 
0.162 

0.113 
0.112 

0.125 

312 
312 
575 
300 
575 
850 
188 
562 
188 
500 
138 
800 
250 
475 

000 
312 
378 
300 
575 
775 

0. 188 
0.462 

188 
500 
138 
800 
125 
475 

13.33 
24.62 
27 . 11 
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Fig 8.1 DFAA Content Of: a) MBA Seawater. b) The Same 
MBA Seawater + Healthy Coscinodlscus. 



Table 3.2. The E f f e c t On D i s s o l v e d Free Amino A c i d L e v e l s 
Of " H e a l t h y " C o s c i n o d i s c u s And Halosphera Added To 
Seawater. Date: 20.3.87. 

Amino 
a c i d 
i d e n t i 
f i e d . 

Amino a c i d s 
i n seawater 
(uM) . 

Asp 0.032 
Glu 0.038 
Ser 0.161 
Gly 0.079 
Arg 
Ala 0.053 
Tyr 
T r p / I l e 
Leu 
Lys. 

Amino a c i d s 
i n seawater 
p l u s 
p l a n k t o n , 
(uM) . 

0.646 
0.075 

I n c r e a s e 
i n 
amino 
a c i d s . 
(UM) . 

0. 356 
0.074 
0. 862 
0.047 
0.842 
0.336 

R e t e n t i o n 
t i m e s 
o f u n i d e n t 
f i e d 
compounds. 
( m i n s ) . 

0. 614 0.40 
0. 037 0 . 55 

0.99 
1.82 

0. 356 6 .06 
0. 021 14.66 
0. 862 18 . 98 
0 . 047 20.39 
0 . 842 22.34 
0 . 336 24.63 

25.05 
25.85 
27.08 
39.55 
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Fig 8.2 DFAA Content Of: a) MBA Seawater. b) The Same 
MBA Seawater + Healthy Coscinodiscus and Halosphera. 



Table 8.3. The E f f e c t On D i s s o l v e d Free Amino A c i d 
L e v e l s Of " H e a l t h y " Halosphera Added To Seawater. 
Date: 25.3.87 

Amino Amino a c i d s Amino a c i d s I n c r e a s e R e t e n t i o n 
a c i d s i n seawater i n seawater i n t i m e of 
i d e n t i - (uM). p l u s amino u n i d e n t i ­
f i e d . p l a n k t o n . a c i d s f i e d 

- (uM) . (uM) . compounds. 
( m i n u t e s ) . 

Asp 0.025 0.162 0.137 6. 55 
Glu 0.325 0.325 12.93 
Ser 0.500 0.500 14 .63 
Gly 1.100 1.100 22 . 11 
Thr 0 .287 0 . 287 24 .46 
Arg 0.300 0.300 25.38 
Ala 0.625 0.625 26.98 
Tyr 0.125 0.125 
Val 0.225 0.225 
Met 0.088 0 . 038 
T r p / I l e 0.225 0.225 
Phe 0.125 0.1.25 
Leu 0.225 0.225 
Lys 0.275 0.275 

126 



UUJ 

Fig 8.3 DFAA Content Of: a) MBA Seawater. b) The Same 
MBA Seawater + Healthy Halosphera. 



Table 8.4. The E f f e c t On D i s s o l v e d Free Amino A c i d 
L e v e l s Of " H e a l t h y " Diatoms Added To Seawater. 
Date: 25.3.87 

Amino Amino a c i d s 
a c i d s i n seawater 
i d e n t i - (uM). 
f i e d . 

Amino a c i d s 
i n seawater 
p l u s 
p l a n k t o n . 
(uM) . 

I n c r e a s e 
i n 
amino 
a c i d s . 
(uM) . 

R e t e n t i o n 
t i m e s 
o f u n i d e n t i 
f i e d 
compounds. 
( m i n u t e s ) . 

Asp 0.062 
Glu 0.037 
Asn 
Ser 0.300 
Gly 
Thr 
Arg 
A l a 0.112 
Tyr 0.025 
Val 0.037 
Met 
T r p / I l e 
Phe 
Leu 
Orn 0.112 
Lys 

0.200 
0.325 

0.138 
0.288 

775 
487 
337 
375 
688 

0.150 
0.225 

088 
250 
138 
250 
125 
262 

475 
487 
337 
375 
576 
125 
188 
088 
250 
138 

0.250 
0.013 
0.262 

6.48 
12 . 82 
14.22 
21.94 
24 . 42 
26.95 
39.66 
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Fig 8.4 DFAA Content Of: a) MBA Seawater. b) The Same 
MBA Seawater + Healthy Diatoms. 



Table 3.5. The E f f e c t On D i s s o l v e d Free Amino A c i d 
L e v e l s Of " H e a l t h y " Halosphera Added To Seawater. 
Date: 26.3.87 

Amino 
a c i d s 
i d e n t i 
f i e d . 

Amino a c i d s 
i n seawater 
(uM) . 

Amino a c i d s I n c r e a s e 
i n seawater i n 
p l u s 
p l a n k t o n 
(uM) . 

amino 
a c i d s 
(uM) . 

R e t e n t i o n 
t i m e s 
of u n i d e n t 
i f i e d 
compounds. 
( m i n u t e s ) . 

Asp 0. 200 0 . 362 0.162 12.85 
Glu 0 . 075 0.475 0.400 21.09 
Ser 1. 250 2.675 1. 425 24.39 
Gly 0. 600 2.700 2. 100 25.88 
Thr 0.138 0.825 0.687 26.97 
Arg 1.012 1.012 39.67 
Al a 0.275 2.800 2.525 
Tyr 0.050 0.675 0.625 
Val 0.088 1.775 1.687 
Met 0.587 0. 587 
T r p / I l e 1 .250 1.250 
Phe 0.600 0.600 
Leu 0.038 2.113 2.075 
Orn 0.250 0. 388 0.138 
Lys 1.187 1.187 
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Fig 8.5 DFAA Content Of: a) MBA Seawater. b) The Same 
MBA Seawater + Healthy Halosphera. 



Table 3.6. The E f f e c t On D i s s o l v e d Free Amino A c i d 
L e v e l s Of " H e a l t h y " Halosphera Added To The Seawater. 
Date: 8.4.87 

Amino Amino a c i d s Amino.acids I n c r e a s e R e t e n t i o n 
a c i d s i n seawater i n seawater i n t i m e s 
i d e n t i ­ (uM) . p l u s -amino of u n i d e n t ­
f i e d . p l a n k t o n . a c i d s i f i e d 

(uM) . (uM) . compounds. 
( m i n u t e s ) . 

Asp 0.112 0 .112 0 . 39 
Glu 0 .050 0.212 0.162 13.21 
Asn 22 .18 
Ser 0 .062 3.375 3 . 313 24.54 
His 0.975 0.975 25.91 
Gly 1.462 1.462 27.05 
Thr 1.265 1.265 38.74 
Arg 1.387 1.387 39.66 
Ala 3.762 3.762 
Tyr 0.787 0 .787 
Val 2.500 2. 500 
Met 0.775 0 . 775 
T r p / I l e 2.887 2.887 
Phe 0.775 0 .775 
Leu 2.500 2 . 500 
Orn 0.125 0.125 
Lys 2.875 2.875 
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Fig 8.6 DFAA Content Of: a) MBA Seawater. b) The Same 
MBA Seawater + Healthy Halosphera. 



Table 8.7. The E f f e c t On D i s s o l v e d Free Amino A c i d s Of 
"Dead" C o s c i n o d i s c u s Added To Seawater. Date: 10.3.87. 

Amino 
a c i d s 
i d e n t i 
f i e d . 

Glu 
Tyr 

Amino acids' 
i n seawater 
(uM) . 

Amino a c i d s 
i n seawater 
p l u s 
p l a n k t o n . 
(uM) . 

0.142 
0.051 

I n c r e a s e 
i n 
amino 
a c i d s . 
(uM) . 

0.142 
0.051 

R e t e n t i o n 
t i m e s 
of u n i d e n t 
i f i e d 
compounds. 
( m i n u t e s ) . 

27.15 

Table 8.8. The E f f e c t On D i s s o l v e d Free Amino A c i d s Of 
"Dead" Halosphera Added To Seawater. Date: 26.3.87. 

Amino 
a c i d s 
i d e n t i 
f i e d . 

Asp 
Glu 
Ser 
A l a 
V a l 
T r p / I l e 
Leu 

Amino a c i d s 
i n seawater 
(uM) . 

0.041 
0.107 
0.109 

Amino a c i d s 
i n seawater 
p l u s 
p l a n k t o n . 
(uM) . 

0.089 
0.034 
0.144 
0.072 
0.067 
0.133 
0.080 

I n c r e a s e 
i n 
amino 
a c i d s . 
(uM) . 

0.048 

0.035 
0.072 
0.067 
0.133 
0.080 

R e t e n t i o n 
t i m e s 
of u n i d e n t 
i f i e d 
compounds. 
( m i n u t e s ) . 

6 . 39 
13.92 
24 . 34 
26.81 

8.4. D i s c u s s i o n . 

The skimming e x p e r i m e n t s produced s e v e r a l 

i n t e r e s t i n g r e s u l t s . F i r s t l y under t h e e x p e r i m e n t a l 

c o n d i t i o n s used t h e r e i s a r a d i c a l d i f f e r e n c e i n amino 

a c i d c o n t e n t o f w a t e r c o n t a i n i n g " h e a l t h y " p h y t o p l a n k t o h 

c e l l s compared t o w a t e r c o n t a i n i n g "dead" p h y t o p l a n k t o n . 

The l a r g e i n c r e a s e s i n f r e e S amino a c i d l e v e l s were 

a s s o c i a t e d w i t h w a t e r c o n t a i n i n g " h e a l t h y " b u o y a n t c e l l s . 

The number o f amino a c i d s f o r t h e samples c o n t a i n i n g 

" h e a l t h y " p h y t o p l a n k t o n , were g r e a t e r t h a n t h o s e 

observed f o r d i s s o l v e d f r e e amino a c i d s measured i n 

c o a s t a l seawater samples a t any t i m e o f t h e y e a r . Thus, 
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Flg 8.7 DFAA Content Of: a) MBA Seawater. b) The Same 
MBA Seawater + Dead Coscinodlscus. 



Fig 8.8 DFAA Content Of: a) MBA 
MBA Seawater + Dead Halosphera. 

Seawater. b) The Same 



l y s i n e , a r g i n i n e and p h e n y l a l a n i n e were p r e s e n t i n t h e 

samples c o n t a i n i n g p h y t o p l a n k t o n , whereas t h e s e t h r e e 

a c i d s were f o u n d o n l y i n f r e q u e n t l y i n the e n v i r o n m e n t a l 

san-.ples. M e t h i o n i n e and a s p a r a g i n e a r e p r e s e n t i n t h e 

wat e r c o n t a i n i n g " h e a l t h y " p h y t o p l a n k t o n , b u t are n o t 

seen a t a l l i n c o a s t a l seawater samples. T h r e o n i n e , 

v a l i n e , m e t h i o n i n e , t r y p t o p h a n , i s o l e u c i n e , l e u c i n e , 

l y s i n e and p h e n y l a l a n i n e a r e t h e e i g h t amino a c i d s 

c l a s s e d as e s s e n t i a l ; t h i s c l a s s i f i c a t i o n b e i n g based on 

mammalian b i o c h e m i s t r y . A s i m i l a r " l i s t i s known f o r 

c i l i a t e , i n s e c t and b i r d s p e c i e s ( A b e r c r o m b i e e t a l . 

1980). The t e r m e s s e n t i a l means t h a t h e t e r o t r o p h s cannot 

produce t h e s e a c i d s by m o d i f i c a t i o n o f o t h e r compounds i n 

the d i e t and t h e r e f o r e must o b t a i n them f r o m t h e 

e n v i r o n m e n t . These e s s e n t i a l a c i d s a r e p r e s e n t i n 

s i g n i f i c a n t amounts i n t h e w a t e r c o n t a i n i n g 

c o n c e n t r a t i o n s o f p h y t o p l a n k t o n b u t are a b s e n t much o f 

the t i m e f r o m c o a s t a l samples. T h i s may i n d i c a t e a 

p r e f e r e n t i a l usage by marine h e t e r o t r o p h s . 

Four o f t h e f i v e samples o f seawater p l u s " h e a l t h y " 

p h y t o p l a n k t o n c o n t a i n l a r g e amounts o f s e r i n e , g l y c i n e 

and a l a n i n e . These a r e low m o l e c u l a r w e i g h t , 

n o n - e s s e n t i a l a c i d s , w i t h medium carbon t o n i t r o g e n 

r a t i o s ; ( g l y c i n e , 5 a l a n i n e , 6 and s e r i n e , 7 ) . T h e s e a s o n a l 

s t u d y o f f r e e amino a c i d s i n s e a w a t e r , c o n d u c t e d as p a r t 

o f t h i s s t u d y , shows t h e s e t h r e e a c i d s t o be major 

c o n s t i t u e n t s o f t h e d i s s o l v e d f r e e amino a c i d f r a c t i o n 

t h r o u g h o u t t h e y e a r . T h e i r presence may be e x p l a i n e d by 

a p r e f e r e n t i a l e x c r e t i o n o f t h e s e a c i d s by 

p h y t o p l a n k t o n . 
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The p o s s i b l i c y of uptake o f d i s s o l v e d f r e e amino 

a c i d s by n a t u r a l p o p u l a t i o n s o f p h y t o p l a n k t o n were 

i n v e s t i g a t e d d u r i n g t h e J u l y 1987 c r u i s e o f the RRS 

F r e d e r i c k R u s s e l l ; the d e t a i l e d r e s u l t s o f these 

e x p e r i m e n t s w i l l be r e p o r t e d e l s e w h e r e . P h y t o p l a n k t o n 

were i s o l a t e d by p a s s i n g seawater t h r o u g h n e t t i n g o f a 

s i z e t h a t a l l o w e d o n l y t h e passage o f p h y t o p l a n k t o n and 

s m a l l e r organisms. The p h y t o p l a n k t o n were then k e p t i n 

t h e d a r k f o r t w e l v e h o u r s , a f t e r w h ich t h e b a t c h e s o f 

p l a n k t o n were exposed t o d i f f e r e n t n u t r i e n t s , i n c l u d i n g 

t h e t h r e e amino a c i d s a r g i n i n e , h i s t i d i n e and g l y c i n e . 

These a c i d s were s p i k e d i n t o t h e seawater t o produce a 

t o t a l added amino a c i d c o n c e n t r a t i o n o f 2 ug a t . N/1. 

Added amino a c i d s l e v e l s were measured b e f o r e and a f t e r 

i n c u b a t i o n . I n one o f the f o u r e x p e r i m e n t s c o n d u c t e d 

w i t h added amino a c i d s , t h e l e v e l s were reduced 

s i g n i f i c a n t l y , t h e a r g i n i n e and h i s t i d i n e f a l l i n g below 

the l i m i t s of d e t e c t i o n o f t h e method. (Chapter 2) . 

The e x p e r i m e n t s d e s c r i b e d above, show the p o s s i b i l t y 

t h a t t h e r i s e and f a l l o f t h e d i s s o l v e d f r e e amino a c i d s 

seen i n the seasonal r e s u l t s may be due t o e x c r e t i o n and 

uptake o f f r e e amino a c i d s by n a t u r a l p h y t o p l a n k t o n 

p o p u l a t i o n s . The r o l e o f h e t e r o t r o p h s , p a r t i c u l a r l y 

b a c t e r i a , i n the uptake o f o r g a n i c compounds was n o t 

i n v e s t i g a t e d i n these p r e l i m i n a r y s t u d i e s . 

E x a m i n a t i o n of t h e r e t e n t i o n t i m e s of u n i d e n t i f i e d 

compounds seen i n t a b l e s 8.1 t o 8.8 show t h a t s e v e r a l o f 

these u n i d e n t i f i e d compounds occ u r i n the m a j o r i t y o f t h e 

chromatograms e.g. the peak a t 12.85 t o 12.93 m i n u t e s , 

one a t 24.39 t o 24.62 and one a t 14.66 t o 14.88 m i n u t e s . 
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An a t t e m p t was made t o i d e n t i f y sone of t h e s e , unknown 
compounds, by s e l e c t i n g a c i d s and d e t e r m i n i n g t h e i r 
r e t e n t i o n t i m e s , f o l l o w e d by comparison w i t h t h o s e o f t h e 
u n i d e n t i f i e d compounds i n t h e a n a l y s e s of t h e w a t e r p l u s 
p h y t o p l a n k t o n samples. 

S e v e r a l s t r a t e g i e s were used t o s e l e c t amino a c i d s 

t o be t e s t e d as p o s s i b l e c a n d i d a t e s f o r t h e unknown 

compounds. F i r s t l y , compounds r e l a t e d t o t h o s e a c i d s 

which were dominant i n t h e d i s s o l v e d f r e e f r a c t i o n , e.g. 

B e t a - a l a n i n e i s a d e c a r b o x y l a t i o n p r o d u c t o f a s p a r t i c 

a c i d , w h i l e e t h a n o l a m i n e i s a d e c a r b o x y l a t i o n p r o d u c t o f 

s e r i n e . G l u t a m i n e i s t h e monoamide o f g l u t a m i c a c i d . 

Glucosamine i s a s i m p l e amino sugar 

and had been i n v e s t i g a t e d as a p o s s i b l e n u t r i e n t 

s o u r c e f o r t h e g r o w t h o f p h y t o p l a n k t o n . ( A n t i a e t a l . 

1 9 7 5 ) . Secondly, compounds w h i c h a r e p r e c u s s o r s e.g. 

a n t h r a n i l i c a c i d w h i c h i s a p r e c u s s o r of p h e n y l a l a n i n e , 

t y r o s i n e and t r y p t o p h a n . A l s o 5 - a m i n o l a e v u l o n i c a c i d 

w h i c h i s a p r e c u s s o r o f c h l o r o p h y l l and whose prese n c e 

c o u l d p o s s i b l y i n d i c a t e a. p l a n t s o u r c e . T h i r d l y 

d i - a m i n o p i m e l i c a c i d has been r e p o r t e d as o c c u r i n g i n 

e n v i r o n m e n t a l samples. F i n a l l y , t h e work on i d e n t i f y i n g 

unknown compounds p r o v i d e d an o p p o r t u n i t y t o d e t e r m i n e 

t h e r e t e n t i o n t i m e o f t a u r i n e w h i c h a c c o r d i n g t o 

J e f f e r i e s (1969) i s a p r o d u c t o f t h e m e t a b o l i s m o f 

s u l p h u r c o n t a i n i n g amino a c i d s i n a n i m a l s . T h i s does n o t 

o c c u r i n p l a n t s o r d e t r i t u s and t h e r e f o r e t a u r i n e can be 

used as an i n d e x o f t h e r e l a t i v e amounts o f p l a n t o r 

a n i m a l components. However, Jorge n s o n ( 1 9 8 7 ) , s t a t e s t h a t 

t a u r i n e i s a p r o d u c t o f a l g a l e x u d a t i o n as w e l l as 
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z o o p l a n k t o n e x c r e t i o n . The a u t h o r a l s o a s c r i b e s t h e 

presence of b e t a - a l a n i n e and alpha-amino b u t y r i c a c i d t o 

b o t h b a c t e r i a l and z o o p l a n k t o n m e t a b o l i s m . 

Of t h e 8 compounds t e s t e d , 4 had s i r . i l a r r e t e n t i o n 

t i m e s t o those o f the u n i d e n t i f i e d compounds i n t h e w a t e r 

p l u s p h y t o p l a n k t o n chromatograms. These 4 a r e ; g l u t a m i n e 

a t a p p r o x i m a t e l y 12.9 m i n u t e s , E t h a n o l a m i n e a t about 27.2 

m i n u t e s , t a u r i n e a t about 24.6 mins and g l u c o s a m i n e w h i c h 

c o - e l u t e s w i t h h i s t i d i n e a t a p p r o x i m a t e l y 12,0 m i n u t e s . 

The presence o f a peak w i t h a s i m i l a r ' r e t e n t i o n t i m e t o 

t h a t o f t a u r i n e was une x p e c t e d , t h e i d e n t i f i c a t i o n o f 

compounds by c o - i n j e c t i o n can o n l y be t e n t a t i v e . The o n l y 

r e l i a b l e method o f p o s i t i v e i d e n t i f i c a t i o n i s by h i g h 

p e rformance l i q u i d c hromatography l i n k e d t o a mass 

s p e c t r o m e t e r . I n d i s c u s s i o n w i t h K r a t o s , a m a n u f a c t u r e r 

o f mass s p e c t r o m e t e r systems, t h e r e has c u r r e n t l y been no 

a t t e m p t t o i d e n t i f y amino a c i d s f r o m t h e mass s p e c t r a o f 

t h e i r o r t h o p h t h a l a l d e h y d e d e r i v a t i v e s . 

A n a l y s i s o f t h e m a c r o m o l e c u l a r f r a c t i o n , showed 

h i s t i d i n e t o be a major component o f t h a t f r a c t i o n . The 

problem o f t r y i n g t o d e t e r m i n e i f t h e peak was i n f a c t 

h i s t i d i n e o r gl u c o s a m i n e was i n v e s t i g a t e d as f o l l o w s . 

Glucosamine was s u b j e c t e d t o t h e h y d r o l y s i s p r o c e d u r e , 

and i t was found t o be s t a b l e under t h e c o n d i t i o n s 

employed i n t h e a c i d h y d r o l y s i s . A sample o f g l u c o s a m i n e , 

w h i c h i s an amino sugar, was t h e n s u b j e c t e d t o 2M 

a l k a l i , w h i c h caused t h e d e g r a d a t i o n o f t h e compound. 

N e v e r t h e l e s s , i t a l s o i n t r o d u c e d t h e i n c r e a s e d l i k e l i h o o d 

o f c o n t a m i n a t i o n . The p r o b l e m o f t h e c o e l u t i o n o f 

h i s t i d i n e and glu c o s a m i n e was d i s c o v e r e d v e r y near t h e 
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a.-d of the p r a c t i c a l work on t h i s p r o j e c t . T h e r e f o r e , due 

t o l a c k of t i m e , no d e f i n i t i v e • r\ethod has been d e v i s e d t o 

d e t e r m i n e whether the d i s s o l v e d combined amino a c i d s 

c o n t a i n s glucosamine, h i s t i d i n e or b o t h . 
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CHAPTER 9. 

CONCLUDING REMARKS. 

9.1 A Summary Of The F i n d i n g s Of The Pr e s e n t Study. 

The purpose of t h i s c h a p t e r i s t o summarize the 

f i n d i n g s o f the p r e s e n t s t u d y . These can be d i v i d e d i n t o 

two broad areas; the h y d r o l y s i s methodology f o r the 

d e t e r m i n a t i o n of t h e d i s s o l v e d combined amino a c i d 

c o m p o s i t i o n and l e v e l s i n seawater, and the environ.mental 

r e s u l t s c o l l e c t e d over t h e season. 

I t s h o u l d be emphasized t h a t p r o t e i n h y d r o l y s i s 

t e c h n i q u e s are u s u a l l y c a r r i e d o u t a t p r o t e i n l e v e l s o f 

approxi.-nately 10* ^g ml" ̂  . However t h e l e v e l s of d i s s o l v e d 

combined amino a c i d s i n seawater are s e v e r a l o r d e r s of 

magnitude lower than t h i s a t a p p r o x i m a t e l y IQ-'g ml"^ . 

The work on h y d r o l y s i s m e t h o d o l o g i e s u n d e r t a k e n i n t h i s 

p r o j e c t has shown t h a t the method most com.T.only used t o 

det e r m i n e t h e v a l u e s f o r t h e d i s s o l v e d combined amino 

a c i d f r a c t i o n i . e . r e f l u x i n g seawater w i t h 6M 

h y d r o c h l o r i c a c i d a t a t m o s p h e r i c p r e s s u r e produces 

i n a c c u r a t e r e s u l t s due t o a c o m b i n a t i o n o f d e g r a d a t i v e 

l o s s e s and c o n t a m i n a t i o n . The method adopted i n t h i s 

work, which employs a low p r e s s u r e a c i d h y d r o l y s i s , g i v e s 

an average r e c o v e r y , of f r e e am.ino a c i d s from a p r o t e i n , 

of 61 p e r c e n t . The i n c l u s i o n o f b o t h a p r o c e d u r a l b l a n k 

and an i n t e r n a l s t a n d a r d i n the h y d r o l y s i s p r o c e d u r e are 

e s s e n t i a l i f r e a l i s t i c r e s u l t s a re t o be o b t a i n e d . The 

p r o c e d u r a l b l a n k m o n i t o r s c o n t a m i n a t i o n l e v e l s , w h i l e the 
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i n t e r n a l s t a n d a r d m o n i t o r s the h y d r o l y s i s and a n a l y t i c a l 

t e c h n i q u e s . 

The seasonal s t u d y of the d i s s o l v e d combined and 

d i s s o l v e d f r e e amino a c i d s , i n c o a s t a l w a t e r s , showed the 

average l e v e l s t o be 1.7 and 0.403 uM r e s p e c t i v e l y . 

T h e r e f o r e the d i s s o l v e d combined amino a c i d l e v e l s are 

a p p r o x i m a t l e y 4 t i m e s those of t h e f r e e f r a c t i o n . T h i s 

d i f f e r e n c e i n l e v e l s can be i n t e r p r e t e d i n a n o t h e r way: 

t h e r e i s a "disappearance or l o s s " of approxi.Tfiately 1.3 

umoles of n i t r o g e n c o n t a i n i n g m o l e c u l e s from the combined 

t o the f r e e f r a c t i o n . T h i s l o s s may be e x p l a i n e d by the 

u ptake of p a r t s o f the d i s s o l v e d o r g a n i c n i t r o g e n by the 

marine b i o t a . The uptake of d i s s o l v e d f r e e amino a c i d s by 

b o t h p h y t o p l a n k t o n and h e t e r o t r o p h s i s w e l l documented 

(Chapter 1 ) . 

The d i s s o l v e d f r e e amino a c i d s show a s e a s o n a l t r e n d 

i n l e v e l s b e i n g h i g h i n the summer and low i n t h e w i n t e r . 

T h i s p a t t e r n i s s i m i l a r t o t h a t f o r d i s s o l v e d o r g a n i c 

n i t r o g e n , ( o f which the d i s s o l v e d combined and d i s s o l v e d 

f r e e amino a c i d s are a p a r t ) , b u t c o n t r a s t s w i t h t h a t o f 

o t h e r n u t r i e n t s such as n i t r a t e , ammonia and u r e a . ( F l y n n 

& B u t l e r ) . There i s no such pronounced s e a s o n a l p a t t e r n 

f o r t he d i s s o l v e d combined f r a c t i o n . Both the d i s s o l v e d 

f r e e and d i s s o l v e d combined f r a c t i o n s show f l u c t u a t i o n s 

i n l e v e l s , which are p a r t i c u l a r l y pronounced f o r the 

d i s s o l v e d f r e e a.mino a c i d f r a c t i o n (Chapter 5) . The 

i n c r e a s e i n d i s s o l v e d f r e e a.mino a c i d s l e v e l s i s 

accompanied by an i n c r e a s e i n the number of a c i d s p r e s e n t 

i n the spectru.Ti. Three d i s t i n c t p a t t e r n s can be observed 

f o r the d i s s o l v e d f r e e amino a c i d s . F i r s t l y t h e r e are 
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those a c i d s which are p r e s e n t d u r i n g - e s t o f the s a m p l i n g 

p e r i o d . These a c i d s a l s o e x h i b i t a seasonal t r e n d h a v i n g 

l o w e r l e v e l s i n t h e w i n t e r months. Amino a c i d s showing 

t h i s p a t t e r n are a s p a r t a t e , gluta.T.ate, s e r i n e , a l a n i n e 

and g l y c i n e . A l l o f these a c i d s , w i t h the e x c e p t i o n o f 

g l u t a m a t e , are s m a l l m o l e c u l e s ( D o o l i t t l e 1985). 

Secondly t h e r e are a c i d s which are p r e s e n t o n l y a t t i m e s 

o f h i g h t o t a l d i s s o l v e d f r e e amino a c i d l e v e l s , these are 

h i s t i d i n e , t h r e o n i n e , p h e n y l a l a n i n e , a r g i n i r . e , l e u c i n e , 

l y s i n e and o r n i t h i n e , which are g e n e r a l l y l a r g e r a c i d s . 

F i n a l l y t h e r e are those a c i d s never seen i n the seawater 

samples e.g. m e t h i o n i n e and a s p a r g i n e , b u t w h i c h are 

p r e s e n t i n experiments w i t h p h y t o p l a n k t o n (Chapter 8 ) . 

The d i s s o l v e d combined amino a c i d spectrum i s f a r 

more c o n s i s t e n t than t h a t o f t h e f r e e f r a c t i o n . However, 

a c i d s t h a t do show a s e a s o n a l t r e n d i n t h e d i s s o l v e d 

combined amino a c i d spectrum a r e a s p a r t a t e , h i s t i d i n e and 

t h r e o n i n e which are lower i n t h e w i n t e r months, October 

t o January. 

The dominant a c i d s i n the f r e e f r a c t i o n a r e 

a s p a r t a t e , g l u t a m a t e , s e r i n e , g l y c i n e and a l a n i n e . 

Whereas the dominant a c i d s i n the combined f r a c t i o n a r e 

g l y c i n e , h i s t i d n e , a s p a r t a t e , g l u t a m a t e , a l a n i n e and 

v a l i n e . 

Comparison of the c o m p o s i t i o n and l e v e l s o f a c i d s 

between the combined and t h e f r e e f r a c t i o n a l l o w s f o r an 

i d e n t i f i c a t i o n of those a c i d s which are p r e s e n t i n the 

combined b u t not i n t h e f r e e and a q u a n t i f i c a t i o n o f t h i s 

"disappearance or l o s s " . A c i d s w i t h a " d i s a p p e a r a n c e " 

v a l u e o f 90 p e r c e n t or g r e a t e r a r e h i s t i d i n e , g l y c i n e , 
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t h r e o n i n e , a r g i n i n e , t y r o s i n e / i s o l e u c i n e , and 

p h e n y l a l a n i n e . S e r i n e has t h e l o w e s t " d i s a p p e a r a n c e " 

v a l u e o f o n l y 51 p e r c e n t . These d i f f e r e n c e s i n 

" d i s a p p e a r a n c e " v a l u e c o u p l e d w i t h t h e " l o s s " o f even 

major a c i d s f r o m t h e d i s s o l v e d f r e e amino a c i d f r a c t i o n 

may be l i n k e d w i t h u t i l i z a t i o n o f t h e a c i d s by t h e b i o t a . 

Comparison o f t h e amino a c i d c o m p o s i t i o n o f t h e f r e e 

and combined f r a c t i o n s w i t h t h a t o f p h y t o p l a n k t o n 

c u l t u r e s shows t h a t b o t h t h e f r e e and combined f r a c t i o n s 

do n o t resemble those of t h e p h y t o p l a h k ' t o n , w h i c h must be 

t h e i r f u n d a m e n t a l s o u r c e . There i s t h e r e f o r e no s i m p l e 

p i c t u r e o c c u r r i n g i n t h e m a r i n e e n v i r o n m e n t o f t h e 

breakdown o f p h y t o p l a n k t o n , f o l l o w e d by r e l e a s e o f 

d i s s o l v e d f r e e amino a c i d s . The u p t a k e and r e l e a s e o f 

a c i d s by t h e b i o t a produces a more complex p i c t u r e . 

The e x p e r i m e n t s t o d i s c o v e r t h e s i z e o f t h e 

m a c r o m o l e c u l a r s p e c i e s , c a r r i e d o u t as p a r t o f t h i s 

s t u d y , show t h e macromolecules t o be of a s m a l l s i z e ; 

f i f t y p e r c e n t o f t h e m a t e r i a l b e i n g l e s s t h a n 250 amino 

a c i d s i n l e n g t h . The m a t e r i a l w i t h a m o l e c u l a r w e i g h t 

g r e a t e r t h a n 25,000 appears t o have a h i g h g l y c i n e 

c o n t e n t . 

The i n v e s t i g a t i o n o f t h e c o m p o s i t i o n and l e v e l s o f 

d i s s o l v e d f r e e amino a c i d s i n t h e Tamar e s t u a r y showed 

t h a t t h e s e compounds e x h i b i t n o n - c o n s e r v a t i v e b e h a v i o u r . 

There was an i n c r e a s e o f t h e d i s s o l v e d f r e e amino a c i d s 

i n t h e area o f t h e f r e s h w a t e r / s a l t w a t e r i n t e r f a c e w h i c h 

o v e r l a p s t h e t u r b i d i t y maximum. The i n c r e a s e i n l e v e l s 

was accompanied by an i n c r e a s e i n t h e number o f a c i d s 

p r e s e n t i n t h e c o m p o s i t i o n a l s p e c t r u m . These f i n d i n g s 
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s u p p o r t the s u g g e s t i o n of M o r r i s (1973) t h a t t h e area o f 

the f r e s h w a t e r / s a l t water i n t e r f a c e would d i f f e r i n b o t h 

com.position and l e v e l s from o t h e r areas of t h e e s t u a r y ; 

the d i f f e r e n c e b e i n g a r e s u l t o f t he o s m o t i c shock 

e x p e r i e n c e d by the b i o t a i n t h a t a r e a . 

I n c o n c l u s i o n , t h e r e s u l t s o f t h i s s t u d y i n d i c a t e 

t h a t i n t he n a t u r a l marine e n v i r o n m e n t t h e r e i s a complex 

process o f p r o d u c t i o n and breakdown o f d i s s o l v e d combined 

and d i s s o l v e d f r e e amino a c i d s . O v e r a l l t h e r e i s a 

d i f f e r e n c e of 1.3 umoles o f n i t r o g e n c o n t a i n i n g .molecules 

between t h e two f r a c t i o n s . The s i g n i f i c a n c e of amino 

a c i d uptake compared t o t h a t f o r ammonia o r n i t r a t e i s 

ha r d t o q u a n t i f y , b u t i n the absence o f o t h e r n i t r o g e n 

sources i t appears l i k e l y t h a t some amino a c i d s s u p p l y 

n i t r o g e n f o r g r o w t h . T h e r e f o r e t h e r e s u l t s o f t h e 

seasonal s t u d y of n i t r o g e n c o n t a i n i n g macromolecules i n 

c o a s t a l w a t e r s s u p p o r t s t h e view t h a t n u t r i e n t l i m i t a t i o n 

a l o n g c l a s s i c a l l i n e s , as e x p l a i n e d i n c h a p t e r 1, i s n o t 

v a l i d . 

9,2 F u r t h e r Work. 

Areas o f f u r t h e r work a r e : 

1. The h y d r o l y s i s t e c h n i q u e , t o reduce t h e d e g r a d a t i v e 

l o s s e s of f r e e a c i d s i n w a t e r s w i t h h i g h n i t r a t e l e v e l s . 

Robertson e t a l . ( 1 9 8 7 ) . s u g g e s t t h e use o f a s c o r b i c a c i d 

t o reduce these l o s s e s ; i n i t i a l work would be t o v e r i f y 

t h i s approach. Once the methodology has been deve l o p e d an 

i n v e s t i g a t i o n of the macromolecular n i t r o g e n c o n t a i n i n g 
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s p e c i e s i n the e s t u a r i n e e n v i r o n m e n t c o u l d be u n d e r t a k e n . 

I t would be e x p e c t e d t h a t i n t h e e s t u a r y t h e amino a c i d s 

would p l a y an even more i m p o r t a n t r o l e t h a n i n c o a s t a l 

w a t e r s . F l y n n & B u t l e r (1986) s t a t e ' t h a t d i s s o l v e d f r e e 

amino a c i d s are more l i k e l y t o be used as a n u t r i e n t 

source where p h o t o s y n t h e s i s i s l i m i t e d , f o r example, i n 

the dark or i n t u r b i d w a t e r s . As s t a t e d i n c h a p t e r 7 the 

Tamar e s t u a r y can have v e r y h i g h t u r b i d i t y l e v e l s and 

t h e r e f o r e t h e amino a c i d s may be an i m p o r t a n t 

n u t r i e n t / e n e r g y s o u r c e . 

2. The e n v i r o n m e n t a l d a t a c o l l e c t e d d u r i n g the course o f 

t h i s s t u d y was c o r r e l a t e d w i t h f i g u r e s f o r p r i m a r y 

p r o d u c t i v i t y and p h y t o p l a n k t o n numbers from p a s t papers. 

The c o r r e l a t i o n s can t h e r e f o r e o n l y be t e n t a t i v e . F u r t h e r 

work m a t c h i n g l e v e l s of d i s s o l v e d f r e e and d i s s o l v e d 

combined a c i d s w i t h e n v i r o n m e n t a l d a t a measured a t the 

same time w i l l be necessary t o d e t e r m i n e how these 

compounds are r e l a t e d t o e n v i r o n m e n t a l f a c t o r s . F u r t h e r 

s t u d y i n t h i s area may a l s o c o n f i r m t h a t d i f f e r e n t p a r t s 

o f the season are c o n t r o l l e d by d i f f e r e n t f a c t o r s or as 

the 'Gaia H y p o t h e s i s ' suggests ( L o v e l o c k 1979), the 

environment i s i n f a c t c o n t r o l l e d by t h e b i o t a . 

3, I n t h i s s t u d y a l i s t o f a c i d s and t h e i r 

" d i sappearance" v a l u e s has been produced. F u r t h e r work 

w i t h n a t u r a l p o p u l a t i o n s o f p h y t o p l a n k t o n on uptake o f 

d i s s o l v e d f r e e amino a c i d s may c o n f i r m i f those a c i d s 

w i t h " d i s a p p e a r a n c e " v a l u e s g r e a t e r t h a n 90 p e r c e n t do 

i n f a c t s erve as a n u t r i e n t s o u r c e . 
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4. The r o l e of h e c e r o c r o p h s i . e . b a c t e r i a and z o o p l a n k c o n 

i n Che uptake and p r o d u c t i o n of d i s s o l v e d o r g a n i c 

n i t r o g e n . 

5. An i n v e s t i g a t i o n i n t o t h e p o s s i b i l i t y t h a t the 

breakdown of g l y c i n e i n t h e combined f r a c t i o n p r o v i d e s 

ai-nmonia as a n u t r i e n t s o u r c e . 

6. The s e a s o n a l change found i n the d i s s o l v e d combined 

amino a c i d f r a c t i o n m e r i t s f u r t h e r work. Does t h i s o c c u r 

i n o t h e r s e a s o n s and o t h e r l o c a t i o n s ? I f t h e r e i s a 

d i f f e r e n c e , a s t u d y of two d i f f e r i n g s y s t e m s c a n l e a d to 

an u n d e r s t a n d i n g of t h e p r o c e s s e s and f a c t o r s c o n t r o l l i n g 

t h o s e s y s t e m s . 
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APPENDIX I . 

The Batch Average For Coastal Waters C o l l e c t e d Over A 
Season And How These Relate To DON and TDN. 
(DON & TDN Figures Were Mot D i r e c t l y Measured And Are 
Taken From B u t l e r et a l . 1979)) 

Date: 27.11.85 Days. 27. 

No. 

1 

2 

Average Values. 

No. of Samples. 

CV's. 

Date: 11.12.85 

No. 

1 

Date: 17.12.85 

No. 
1 
2 

Average Values. 

No. of Samples. 

CVs. 

DFAA (uM) 

0.180 
0.279 

^229 

2 

30 

Days. 41 

DFAA (uM). 

BLD 

Days.47 

DFAA (uM). 

0.121 
BLD 

0.060 

2 

141 

Date: 23.12.85 

No. 

1 

Days. 53 

DFAA (uM)> 

0.420 

Date: 8.1.86 

No. 

1 

Days. 69 

DFAA (uM) 

0.058 

A.l 



Date: 21.1.86 

No. 

Days. 82 

- DFAA (uM) 

0.223 

Date: 23.1.86 

No. 

1 

Date: 28.1.86 

No. 

1 

Date: 3.2.86 

No. 

1 

Date: 

No. 

18.2.86 

1 

2 

Average Value. 

No. of Samples 

CV's. 

Days. 84 

DFAA (uM). 

0.199 

Days. 89 

DFAA (uM). 

BLD 

Days. 95 

DFAA (uM). 

0.101 

Days. 110 

DFAA (uM). 

0.579 
0.555 

0.567 

2 

3 

Date 

No. 

1 

20.2.86 Days. 112 

DFAA (uM). 

0.089 

A.2 



Date: 4.3.86 

No. 

1 

2 

Average Value. 

No. of Samples 

CVs. 

Days. 124 

DFAA (uM). 

0.161 

0.200 

0.180 

2 

15 

Date: 25.4.86 

No. Location 

1 
2 
3 
4 
5 
6 
7 

Average Value. 

No. of Samples 

CV's. 

Days. 177 

DFAA (uM) 

0.090 
0.097 
0.022 
0.130 
0.162 
0.036 
0.314 

0.121 

7 

80 

A.3 



Date: 1.5.86 

No. Location 

1 
2 
3 
4 
5 
6 
7 

Average Value. 

No. of Samples 

CV*s. 

Days. 183 

DFAA (uM). 

0.115 
0.084 
0.146 
0.311 
0.162 
0.318 
0.146 

0.183 

7 

51 

Date: 8.5.86 

No. Location 

1 
2 
3 
4 
5 
6 
7 

Average Value. 

No. of Samples 

CV's. 

Days. 190 

DFAA (uM) 

0.235 
0,233 
0.289 
0.188 
0.420 
0.576 
0.229 

0.310 

7 

45 

A.4 



Date: 30.5.86 

No. Location 

1 
2 
3 
4 
5 
6 
7 

Average Value. 

No. of Samples 

CVs. 

Days. 212 

DFAA (uM). 

0.085 
0.217 
5.200 
0.416 
0.171 
0.379 
0.126 

0.942 

7 

199 

Date 
No. 

5.6.86. 
Location 

E.end Btf. 
Shagstone 
Mewstone 
Yealm 
B36 A74 
B33 A71.5 
830 A69 
A41.5 A65 
A47 A68 

Days. 218 
DFAA DCAA TAA Ratio %TN %DON 
< uM > 8.75 7.7 

< uM > 
0.226 2.395 2.621 11 30 34 
0.364 0.585 0.949 2 11 12 
0.230 
0.153 
BLD 
0.082 
0.272 
0.091 
0.498 

Average Values 0.212 1.49 

No. of samples. 9 2 

CVs 72 86 

21 

2 

23 

2 

A.5 



Date: 12.6.86 

No. Location 

Days. 225 

Melampus B 
New Grnd.B 
W. End BV. 
Penlee Pt. 
Half way 
to Rame 
A2.2 C39 
Knapp B. 
A2.35 C41 
A2.55 C43 

Average Values 

No. o£ Samples 

CVs 

D?AA 

0.254 
0.185 
1.358 
0.167 

0.125 
0.153 
0.145 
0.210 
0.185 

0.309 

9 

127 

DCAA 
-uM— 

1.444 

1.637 
0.916 

0.633 

1.086 

5 

40 

TAA Ratio %TN(uM) %DON(uM) 

1.698 

0.800 0.967 

1.790 
1.061 

0.818 

11 
6 

3 

(8.5) (7.7) 
< uM > 

19 22 

U 

20 
12 

9 

14 

5 

13 

23 
14 

11 

17 

5 

Date: 2.7.86 

No. Location 

Days. 245 

DFAA DCAA 
< uM— 

V. end BV 
Knapp B. 
Penlee Pt 
Half way 
to Rame 
A1.8 C39 
Vhitesands 1.018 
Vhitesands 
nr. Wreck 
A2.5 C40 
Cawsand Bay 0.967 

TAA 

1.474 1.822 3.296 
1.049 
0.678 1.159 1.837 

Ratio 

1 

2 

0.592 
0.593 1.105 1.698 

3.527 1.964 5.491 
2.270 2.646 4.916 

0.6 
1 

Average Values 1.352 1.739 

No. of Samples 9 5 

CVs 32 37 

%TN %DOM 
(10.0) (8.8) 
< uM > 

33 38 

18 

17 

55 
49 

34 

5 

21 

19 

63 
56 

39 

5 

A.6 



Date: 8.7.86 

No. Location 

1 
2 
3 
4 
5 
6 
7 
8 
12 

Days. 251 

DFAA DCAA 
< uM— 

Mallard B. 
New Grnd.B. 
y.End BW. 
Knapp B. 
Penlee B. 
Melampus B. 
A2 C36 
A2.5 C37.5 
Cawsand Bay 
(middle) 

1.511 
0.402 
0.462 
0.560 
0.817 
0.S02 
1.037 
0.488 

1.179 

2.198 

1.687 

1.995 

2.239 2.611 

Average Values. 0,890 1.934 

No. of Samples. 9 5 

CVs 69 30 

TAA Ratio 

2.690 1 

2.660 5 

2.504 2 

2.483 4 

4.850 1 

%TN %DON 
(10.0) (8.8) 
< uM > 
27 31 

27 

25 

25 

48 

30 

5 

30 

34 

28 

55 

34 

5 

Date: 15.7.86 

No 

1 
2 
4 
5 
8 
11 

Location 

Days. 258 

DFAA DCAA 
< uM 

Mallard B. 0.197 
Melampus B 0.192 1.647 
W. End BW. 0.166 
Knapp B. 0.217 
A2.5 C34.5 BLD 1.760 
E. End BV. 0.193 1.530 

Average Values. 0.161 

No. of Samples. 6 

CVs 50 

1.646 

3 

7 

TAA 

1.839 

1.760 
1.723 

Ratio 

> 46 
8 

%TN %DON 
(10.0) (8.8) 
< uM > 

18 

18 
17 

i i 
3 

21 

20 
20 

20 

3 

A.7 



Date: 23.7.86 Days. 266 

No. Location DFAA 

1 M a l l a r d B. 0. 094 
2 C. End BV. 0. 125 
3 Shagstone. 0. 270 
4 Mewstone. 0. 177 
5 Hi l l S e a Pt .0. 095 
6 B34 A72.6 0. 242 
7 B30 A70.7 0. 089 
8 A44 A66.2 0. 105 
9 A40.6 A63 0. 255 
10 A38.5 A61 0. 099 

Average Values. 0. 155 

No. of Samples. 10 

DCAA 
—uM-

TAA 

2.796 
2.260 

2.890 
2.385 

Ratio %TN %DON 
(10.0) (8.8) 
< uM > 

30 29 33 
18 24 

2.627 2.804 

3.654 3.896 

1.569 1.674 

14 

15 

15 

CVs 48 

2.581 

5 

29 

28 

39 

17 

27 

5 

27 

32 

44 

19 

31 

5 

Date : 30.7.86 Days . 273 

No. Location DFAA DCAA TAA Ratio %TN %DON 
< ~ u M > (10.0) (8.8) 

< uM 
1 Mallard B 0.105 1.630 1.735 16 17 20 
2 E.End BW. 0.146 3.108 3.254 22 33 37 
3 Shagstone 1.327 — — — 
4 Tinker B. 0.101 — — — 
5 Al C31 BLD — — — 
6 A1.4 C34 0.056 1.725 1.781 30 18 20 
7 A1.7 C37. 0.185 — — 
8 o f f Raffle. 0.493 2.588 3.081 5 31 35 

Average Values 0.302 2.263 

No. of Samples 8 4 

CVs 145 31 

25 

4 

28 

4 

A.8 



Date: 6.8.86 Days. 280 

No. Location DFAA DCAA TAA Ratio %TN %DON 
< — uM > (12. 

< — 
3) (10. 
--uM 

1 Mallard B. 0.420 0.863 1.283 2 10 13 
2 Duke RockB. 0.163 1.420 1.583 9 13 15 
3 E.End BW. 0.024 1.594 1.618 66 13 16 
4 Shagstone 0.152 1.525 1.677 10 14 17 
5 B46.8 B54.6 0.186 — — 
8 C30 B54.2 0.406 1.487 1.887 4 15 19 
11 Knapp B. 2.326 0.287 2.613 0.1 21 26 

Average Values. 0.525 

No. of Samples. 7 

CVs 153 

1.196 

6 

43 

14 

6 

18 

6 

Date: 4.9.86 

No. Location 

Mallard B. 
Malampus B 
BW. Fort 
E.End BW. 
Shagstone 
Mewstone 
Mouth of 
R.Yealm 
A1.5 B44.3 

11 Knapp B. 

Average Values 

No. of Samples 

CVs 

Days. 309 

DFAA DCAA 
< UM-

TAA 

0.311 
1.352 
0.329 
2.788 
2.004 
0.889 

0.650 
1.125 
0.717 

1.129 

9 

72 

5.695 6.006 

0.827 
1.685 

0.601 
1.639 

2.089 

5 

100 

3.615 
3.689 

1.726 
2.356 

Ratio 

18 

0.3 
0.8 

0.5 
2 

%TN %DON 
(10.3) (6.9) 
< uM > 
58 

35 
36 

17 
22 

34 

5 

87 

52 
53 

25 
33 

50 

5 

A.9 



Date: 24.9.86 Days. 329 

No. Location DFAA DCAA TAA Ratio %TN %DON 
uM > (10.3) (6.9) 

< uM > 
1 A18.3 C47 2. 376 1.381 3 .757 0.6 36 54 
2 A16.5 C45.5 1. 738 1.593 3 .331 1.1 32 48 
4 A13.5 C43 0. 364 3.485 3 .849 8 34 51 
5 A12 C41.8 0. 766 4.002 4 .846 5 47 70 
7 A9 C39.3 0. 888 1.444 2 .332 2 22 34 
8 A7.5 C38.2 0. 706 1.060 1 .766 2 17 26 

Average Values. 1. 139 2.161 ~ ~47 

No. of Samples. 6 6 6 6 

CVs 66 58 

Date: 1.10.86 Days. 336 

No. Location DFAA 

1 Mallard B. 0. 042 
2 Melumpas B .0. 287 
3 New Grnd. 0. 346 
4 V.End BW. 0. 321 
5 Knapp B. 0. 939 
6 C31.4B57.3 0. 503 
7 C33.8B55.8 1. 746 
8 C34.1 B34 0. 187 

Average Values .0. 546 

No. of Samples. 8 

DCAA 
—uM-

CVs 101 

1.491 

5 

75 

TAA Ratio 

1.239 1.281 
3.448 3.735 

0.835 1.156 

1.241 1.428 

30 
12 

3 
1 

%TN %DON 
(11.0) (6.9) 
< uM > 

12 
34 

11 
15 

13 

17 

5 

19 
54 

17 
24 

21 

27 

5 

A.10 



Date: 16.10.86 Days. 351 

No. Location DFAA DCAA 
< uM-

Ash B. 0.141 0.705 
Bridge B. 0.062 
Queens B. BLD 1.359 
Penlee Pt.0.028 1.309 
Rame Hd. BLD 
Pelavn 
A1.6C39.5 0.037 0.851 
A1.5C42.7 BLD 
A2.6C39.6 BLD 

Average Values.0.034 1.056 

No. of Samples. 8 4 

CVs 147 31 

TAA 

0.846 

1.359 
1.337 

0.888 

Ratio %TN %DON 
(11.0) (6.9) 
< uM > 

5 8 12 

>36 
47 

23 

12 
12 

10 

4 

20 
19 

13 

16 

4 

Date 23.10.86 Days. 358 

No Location DFAA DCAA TAA Ratio %TN %DON 

Sound 
E.End BW 
Tinker B 
Al B46.7 

No. of Samples 

CVs 

BLD 
BLD 
0.083 
0.063 
BLD 
0.023 
0.126 
0.304 

8 

138 

•uM- (11.0) (6.9) 
< uM > 

1.690 1.690 >44 15 24 
6.080 6.080 >160 55 88 
2.358 2.441 28 22 35 
3.115 3.178 49 29 46 

3.311 

• — 

30 48 

4 4 4 

58 

A.11 



Date: 8.11.86 Days. 371 

No. Location DFAA 

Sound. 0.862 
Penlee Pt.0.242 
Off Rame. 0.025 
Rame. 0.151 
Whitesand 0.115 
Looe 0.067 
A4.7 D38 0.231 

DCAA 
-uM— 

TAA 

Average Values.0.242 0.863 

No. of Samples. 7 5 

CVs 117 37 

0.486 1.348 
0.784 1.026 

1.333 1.484 

0.709 0.776 
1.004 1.235 

Ratio 

11 
4 

%TN %DON 
(10,5) (5.4) 

14 
10 

14 

7 
12 

IT 
5 

uM — 
26 
19 

27 

14 

23 

22 

. 5 

Date: 13.11.86 Days. 379 

No. Location DFAA DCAA 
< uM-

1 

2 

3 

4 

5 

6 

9 
10 

TAA 

A2 B47 0.120 1.249 1.369 
4 min t o 
BW. BLD 1.436 1.436 
8 min t o 
BW. 0.052 
12 min t o 
BW. BLD 1.861 1.861 
16 min t o 
BW. BLD 
20 min t o 
BW. 0.202 
Knapp B. 0.189 1.308 1.497 
W.End BW. 0.070 1.623 1.693 

Ratio 

10 

>38 

>49 

Average Values.0.079 1.495 

No. of Samples. 8 5 

CVs 105 17 

7 
23 

%TN %DON 
(10.5) (5.4) 
< uM > 

13 25 

14 

18 

14 
16 

15 

5 

26 

34 

28 
31 

29 

5 

A.12 



Date : 20.ir.86 Days, 386 

No. Location DFAA DCAA TAA Ratio %TN %DON 
<"^----uM > (10.5) (5.4) 

< uM > 
1 A3 C34 BLD 1.175 1.175 >31 11 22 
2 A6.5 C35 BLD 1.315 1.315 >35 13 24 
3 A8.5 C38 0.343 0.991 1.334 3 13 25 
4 A9 C40 0.25 0.812 1.062 3 10 20 
5 A l l D31 0.356 - — 
Average Values.0.190 1.073 

No. of Samples. 5 4 

CVs 94 20 

12 

4 

23 

4 

Date: 27.11.86 Days. 393 

No. Location DFAA DCAA TAA 
< uM > 

Ratio %TN %DON 
(10.5) (5.4) 
< uM > 

1 A3 C37 BLD ' 1 .09 1.09 >29 10 20 
2 A5 C40.5 BLD 2 .161 2.161 >56 20 40 
3 A4.7 C43 0.044 2 .015 2.059 46 20 38 
4 A9 C46.5 0.074 1 .633 1.707 22 16 32 
5 A l l D32 0.058 0 .641 0.699 11 7 13 
6 A12 D35.5 BLD -• — — — 
Average Values.0.029 1.508 

No. of Samples. 6 5 

CVs 114 42 

15 29 

5 5 

A.13 



Date: 10.12.86 Days. 406 

No. Location DFAA DCAA TAA Ratio %TN %DON 
< --uM > (10.0) (4 

< u M — 
1 A2.7C41.5 1.766 0.246 2.012 0.1 20 44 
2 A4.6D33.2 BLD 1.938 1.938 >51 19 43 
3 A4.7D36.8 BLD 1.233 1.233 >32 12 27 
4 A5.1D40.3 BLD 1.475 1.475 >25 9 21 
5 A6.5D31.3 0.031 — — — 
6 A5.5D30 BLD — — — 
10 Knapp B. 0.362 0.922 1.284 2 8 19 

Average Values.0.308 1.163 

No. of Samples 7 5 

CVs 213 54 

14 

5 

31 

5 

Date: 18.12.86 Days. 414 

No 

1 
2 
3 
4 
5 
6 
10 

Location DFAA 

A4 C43.5 0.256 
A5 C46.5 0.028 
A5.3C47.2 BLD 
A6.1D32.7 BLD 
A5.5 D36 0.114 
A4.8D35.2 0.241 
Penlee B. BLD 

Average Values.0.091 

No. of Samples. 7 

CVs 126 

DCAA 
-uM-

0.976 

1.894 

2.076 

3 

58 

TAA 

1.004 

1.894 

3.367 3.367 

Ratio 

36 

>53 

>94 

%TN %DON 
(10.0) (4.5) 
( uM > 

10 

19 

22 

42 

35 75 

2 1 ~ 46 

3 3 

A.14 



Date: 8.1.87 Days. -435 

No Location DFAA DCAA TAA 
< uM 

Ratio %TN %DON 
(11.6) (4.7) 
< uM > 

1 Mount-
Batten 0.035 3 .055 3. 09 87 26 66 

2 Duke Rock 0.344 2 .402 2. 736 7 23 58 
3 Shagstone BLD - — — — — 
4 Mewstone BLD 1 .223 1. 233 >32 11 26 
5 Al B42 BLD 0 .808 0. 808 >21 7 17 
6 A0.9B39 BLD 2 .474 2. 474 >65 21 52 
7 A0.9B34.5 BLD - — 
8 A0.85B30. 0.048 - — — 
Average Values.0.053 1.992 

No. of Samples. 8 5 

CVs 223 47 

18 

5 

43 

5 

Date: 15.1.87 

No. Location 

1 
2 
3 
6 
8 
10 

E.End BW. 
Shagstone 
Mewstone 
Knapp B. 
W.End BW. 
Malampus 

Days. 442 

DFAA 

1.202 
1.089 
1.276 
0.733 
0.607 
2.460 

Average Values. 1.228 

No. of Samples. 6 

CVs 54 

DCAA TAA Ratio %TN %DON 
-uM—- > (11.6) (4.7) 

< uM > 

0.492 1.694 0.4 15 36 
1.005 2.094 1 18 45 
0.547 1.823 0.4 16 39 
1.264 1.997 2 17 42 
1.189 1.796 2 15 38 
0.901 3.370 0.4 29 71 

0.901 18 45 

6 6 6 

35 

A.15 



Date: 30.1.87 Days. 457 

No. Location DFAA DCAA TAA 
< > 

Ratio %TN %DON 
(11.6) (4.7) 
< uH > 

1 Shagstone BLD 0.943 0.943 >25 8 20 
2 Mewstone BLD — 
3 A1.1B43.3 BLD 1.199 1.199 >32 10 26 
4 A l . l B41 0.076 0.486 0.562 6 4 12 
5 Al B38.6 BLD 1.117 1.117 >31 10 24 
6 Al B36 BLD 1.110 1.110 >29 10 24 
7 Al B32.6 BLD — — 
Average Value. 0.011 0.971 

No. of Samples. 7 5 

CVs 264 30 

8 21 

5 5 

Date: 5.2.87 Days. 463 

No Location DFAA DCAA TAA 
< uM-

Ratio %TN %DON 
(12.4) (5.5) 
< uM > 

1 Malampus 1.456 0 .883 2.339 1 19 42 
2 New Grnd. 1.423 - -- — — 
3 W.End BW. 0.270 1 .849 2.119 7 17 39 
4 Knapp B. 0.317 1 .039 1.356 3 11 25 
5 Cawsand 0.026 3 .861 3.887 148 31 71 
6 Penlee. 0.500 - — — 
7 2 miles 

S.Rame 0.162 - — 
8 2 miles 

S.BW. BLD - — — 
Average Values.0.519 1.908 

No. of Samples. 8 4 

CVs 114 72 

20 44 

4 4 

A.16 



Date: 12.2.87 Days. 470 

No Location DFAA DCAA 
< uM— 

Mallard B. 0.052 2.788 
New Grnd. 0.158 2.001 
W.End BV. BLD 
Knapp B. BLD 2.004 
Penlee Pt. BLD 2.552 
2 miles 
S.Rame 0.071 2.005 
4 miles 
S.Rame BLD 

Average Values. 0.04 

No. of Samples. 7 

CVs 149 

2.27 

5 

17 

TAA 

2.84 
2.159 

2.004 
2.552 

2.076 

Ratio 

54 
13 

>53 
>67 

28 

%TN %DON 
(12.4) (5.5) 
< uM > 

23 52 
17 39 

16 
21 

19 

5 

36 
46 

17 38 

42 

5 

Date: 19.2.87 Days. 477 

No. Location DFAA 

10 
9 
8 

DCAA 
-uM-

TAA 

0.745 2.48 3.225 

E. End BW. BLD 1.130 1.13 
Tinker B. 0.072 0.678 0.75 
5 miles 
S.Rame 
S t a t i o n 
L4. 
Penlee 
Knapp 
V.Cnd BV 

BLD 
BLD 
BLD 
0.062 

0.906 
1.677 

Ratio %TN %DON 
(12.4) (5.5) 
< uM > 

>30 9 21 
6 

0.906 
1.677 

9 

3 

>24 
>44 

26 

7 
14 

14 

59 

16 
30 

Average Value. 0.125 1.374 

No. of Samples. 7 5 

CVs 218 52 

12 

5 

28 

5 

A.17 



Date: 26.2.87 Days. 484 

No. Location DFAA DCAA TAA Ratio %TN %D0 
< — u M — - > (12.4) 

< uM 
(5. 

1 Mallard B. 0.963 1.586 2.549 3 21 46 
2 Melampus 0.825 — — — 
3 New Grnds 1.234 1.075 2.309 2 19 42 
4 W.End BW. 0.919 1.577 2.496 3 20 45 
5 Knapp B. 0.754 6.741 7.495 10 60 136 
6 2 miles 

S.E.Rame 0.934 8.298 9.232 10 74 168 
7 Penlee Pt. 2.094 — — 
Average Value. 1.103 3.855 

No. of Samples. 7 5 

CVs 42 88 

39 

5 

87 

5 

Date: 5.3.87 Days 

No. Location DFAA 

491 

DCAA TAA 
—uM > 

Ratio %TN %DON 
(12.4) (5.9) 
< uM > 

1 Mallard B. 1.487 3.020 4. 507 2 36 76 
2 MelampusB. 2.624 3.493 6. 117 1 49 103 
3 New Grnd. 3.458 3.581 7. 093 1 56 119 
4 W.End BW. 1.792 4.167 5. 959 2 48 101 
5 Knapp B. 1.771 2.615 4. 386 1 35 74 
6 Penlee Pt. 2.548 — — 
7 L3. 4.534 — — — 

Average Value. 2.602 3.375 

No. of Samples. 7 5 

CV*s 42 17 

45 95 

5 5 

A.18 



Date: 12.3.87 Days. 498 

No. Location DFAA DCAA TAA Ratio %TN %DON 
< uM > (12.4) (5.9) 

< uM > 
9 Melampus B. 0.687 2.023 2.71 3 22 46 
8 Knapp B. 0.761 2.184 2.945 3 23 50 
7 W. End BW. 1.153 2.609 3.762 2 30 63 
6 Barn Pool 0.418 1.835 2.253 4 18 38 
5 * 0.320 
4 * 0.317 
3 Saltash * 0.121 

Average Value 0.755 2.162 21 49 

No. of Samples. 4 4 4 4 

CVs 40 15 

* These samples not used f o r average DFAA as they are es t u a r i n e samples 

Date: 19.3.87 Days. 505 No. Location DFAA DCAA TAA Ratio %TN %DON 
< — u M — - > (12.4) (5.9) 

< uM 
1 Mallard B. 2.184 1.497 3.681 1 30 62 
2 MelampusB. 1.784 0.751 2.535 0.5 20 43 
3 New Grnds. 9.370 -- — 
4 W End BW. 0.629 1.551 2.18 2 18 37 
5 Knapp B. 1.910 1.778 3.688 1 30 63 
6 Penlee Ft. 1.670 — — 
Average Values 2.924 1.394 25~ 51 

No. of Samples 6 4 4 4 

CVs 109 32 

A.19 



Date: 1.4.87 Days. 518 

No. Location DFAA DCAA TAA 
< > 

Average Values. 

No. of Samples. 

CV's. 

Ratio %TN %DON 
(10.5) (6.1) 
< uM > 

1 A9 .3 C46 BLD 1.655 1.655 >43 16 27 
2 A8 C44.5 BLD 1.338 1.338 48 13 22 
3 A7 C43.2 0.757 1.660 2.417 2 23 40 
4 A6 C41.5 BLD 1.752 1.752 >62 17 29 
5 A5 C40 0.048 

0.161 1.601 

5 4 

17 

4 

30 

4 

207 11 

Date 15.4.87 Days. 532 

No. Location DFAA DCAA TAA 
-uM > 

Ratio %TN %DON 
(10.5)(6.1) 
< — u M > 

1 New Grnd. BLD 
2 A1.2 C34 BLD 3.645 3.645 > 96 34 60 
3 A2.4 B36 0.109 1.809 1.915 17 18 31 
4 A3.8 C39 0.062 0.896 0.958 14 9 16 
5 A5.5 C42 0.148 0.692 0.777 5 8 15 
6 A7.5 C45 0.133 

Average Values. 0.075 1.760 

No. of Samples. 6 4 

CVs. 86 76 

A.20 



Date : 23.4.87 Days. 

No. Location DFAA 

I Draystone- BLD 
2 Off Rame. 0.028 
3 Raine 0.095 
4 C41 B61 0.097 
5 . C42 B65 0.083 
6 C39 B56 0.056 
7 C36 350 0.201 

DCAA TAA 
— u M > 

Ratio %TN %D0N 
(10.5) (6.1) 
< uM > 

1.042 1.042 >29 10 17 
1.989 2.017 71 19 33 
1.670 1.765 18 17 30 
0.867 0.964 9 9 16 

Average Values. 0.080 1.392 

No. of Samp.les. 7 4 

CV's. 80 38 

14 24 

4 4 

Date: 30.4.87 Days. 547 

No. Location DFAA DCAA 
< U j j — 

TAA Ratio %TN %DON 
— > (10.5) (6.1) 

< uM > 
1 A3 C36 0.027 1.660 1.687 61 16 27 
2 A4 C37 0.033 0.852 0.885 26 8 14 
3 A5 C38 0.054 2.063 2.117 38 20 35 
4 A5 C38 0.048 0.948 0.996 21 10 17 
5 A6 C38 BLD 

Average Values.0.032 

No. of Samples. 5 

CVs. 77 

1.380 

4 

42 

13 

4 

23 

4 

A.21 



Date: 7.5.87 Days. 554 

No. Location DFAA DCAA TAA 
< uM ) 

1 Penlee Pt BLD 1 .332 1 .332 > 35 
2 Off Rame 3LD 1 .792 1 .792 > 47 
3 Rame. 0.092 1 .359 1 .451 14 
4 Whitesand 0.027 1 .335 1 .362 49 
5 Hewstone BLD 
6 Yealm 0.219 

Average Value. 0.056 1.454 

No. of Samples. 6 4 

CV's 154 15 

Ratio %TN %DON 
(10.0) (7.4) 
< — u M > 
13 18 
18 24 
14 19 
13 18 

14 20 

4 4 

Date: 14.5.87 Days. 561 

No Location DFAA DCAA TAA 
-uM > 

W End BW 
Penlee Pt 
Off Rame 
Rame 
Whitesand 

BLD 
BLD 3.278 3.278 
BLD 1.600 1.600 
BLD 2.213 2.213 
0.042 

Ratio %TN %DON 
(10.0) (7.4) 
< — u M > 

> 86 33 44 
> 42 16 21 
> 58 22 30 

Average Values. 0.001 2.363 

No. of Samples. 5 3 

CV's. 223 36 

23 31 

3 3 

A.22 



Date: 21.5.87. Days. 568 

No. Location DFAA DCAA TAA Ratio %TN %DON 
< > (10.0) (7.4) 

< — u M > 
1.432 2.100 2 21 28 1 B46 B55 0. 668 

2 C30 B55 0. 041 
3 C30 854 0. 149 
4 C31 B53 0. 256 
5 C32 B52 0. 209 

0.773 0.922 
1.228 1.484 
0.816 1.025 

Average Value. 0.264 1.062 

No. of Samples. 5 4 

CVs. 90 30 

5 9 12 
5 15 20 
4 10 14 

n " 19" 

4 4 

A.23 



APPENDIX I I . 

The Data For I n d i v i d u a l Amino Acid Samples R e l a t i n g To The 
Batch Data Presented I n Appendix I . 

Date: 27.11.85 Day: 27. 
DFAA's 

Sample No. 
a.a. 1 2 
Asp 0.035 
Glu 0.025 0.113 
Ser 0.066 
His 
Gly 0.059 0.094 
Thr 
Arg 
Ala 0.036 0.037 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL 0.180 0.279 

Date: 11.12.85 Day: 41 
DFAA•s. 

Sample No. 
a.a. 1 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu • 
Orn 
Lys 
TOTAL BLD 

B.l 



Date: 17.12.35 Day: 47 
DFAA's. 

Sample No. 
a.a. 1 2 
Asp 
Glu 
Ser 0.073 
His — — 
Gly 
Thr 
Arg 
Ala 0.048 
Tyr 
Abu — 
Val 
Met 
T r p / I l e -
Phe 
Leu 
Orn 
Lys 
TOTAL 0.121 BLD 

Date: 23.12.85 Day: 53. 
DFAA's. 

Sample No. 
a.a. 1 
Asp 0.060 
Glu 
Ser 0.200 
His 
Gly 0.090 
Thr 
Arg 
Ala 0.053 
Tyr 0.017 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL 0,420 

B.2 



Date: 8.1.86 Day: 69 
DFAA•s. 

Sample No. 
a.a. 1 
Asp 0.013 
Glu 0.030 
Ser 0.015 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL 0.058 

Date: 21.1.86 Day:82 
DFAA'3. 

Sample No. 
a. a. 1 
Asp 0.028 
Glu 0.137 
Ser 0.058 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL 0.239 

B.3 



Date: 23.1.86 Day:84 
DFAA's, 

Sample No. 
a.a. 1 
Asp 0.137 
Glu 
Ser 0.046 
His 
Gly 
Thr 
Arg 
Ala 0.016 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe • 
Leu 
Orn 
Lys 
TOTAL 0.199 

Date: 28.1,86 Day:89 
DFAA's, 

Sample No. 
a.a, 1 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL BLD 

B.4 



Date: 3.2.86 Day:95 
DFAA's. 

Sample No. 
a.a. 1 
Asp 0.016 
Glu 0.048 
Ser 0.020 
His 
Gly 
Thr 
Arg 
Ala 0.017 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL 0.101 

Date: 18.2.86 Day:110 
DFAA's, 

Sample No. 
a.a. 1 2 
Asp - 0.052 0.062 
Glu 0.058 0.035 
Ser 0.222 0.200 
His 
Gly 0.123 0.113 
Thr = 
Arg 
Ala 0.082 0.070 
Tyr 0.020 0.018 
Abu 
Val 0.022 0.057 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL 0.579 0.555 

B.5 



Date: 20.2.86 Day:112 
DFAA's. 

Sample No. 
a.a. 1 
Asp 
Glu 0.026 
Ser 0.063 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL 0.089 

Date: 4.3.86 Day:124 
DFAA's. 

Sample No. 
a.a. 1 2 
Asp 0.027 
Glu 0.022 0.017 
Ser 0.040 0.073 
His -
Gly 
Thr 
Arg 
Ala 0.060 0.110 
Tyr 0.012 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL 0.161 0.200 

B.6 



Date: 25.4.86 Day:177. DFAA's. 
Sample No. 

a.a. 1 2 3 4 5 6 7 
Asp 0.024 0.028 0.027 
Glu 0.045 0.056 0.022 0.065 0.049 0.023 0.048 
Ser 0.034 0.103 
His 
Gly 0.076 
Thr 
Arg 
Ala 0.045 0.041 0.041 0.051 0.013 0.060 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL 0.090 0.097 0.022 0.130 0.162 0.036 0.314 

Date: 1.5.86 Day:183. DFAA's. 
Sample No. 

a.a. 1 2 3 4 5 6 7 
Asp 0.015 0.065 0.039 0.032 0.022 
Glu 0.032 0.027 0.080 0.054 0.055 0.089 0.052 
Ser 0.047 0.057 0.031 0.126 0.078 0.103 0.036 
His 
Gly 0.036 
Thr 
Arg 
Ala 0.019 0.066 0.079 0.036 
Xyr 0.015 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL 0.115 0.084 0.145 0.311 0.162 0.318 0.146 

B.7 



Date: 8.5.86 Day:190. DFAA's 

a.a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL 

1 
0.020 
0,041 
0.042 

0.035 

Sample No 
2 
027 
047 
079 

3 
0.041 
0.062 
0.078 

4 
0.029 
0.068 
0.055 

5 6 7 
0.032 0.038 0.040 
0.098 0.163 0.048 
0.074 0,120 0,064 

0.097 0,116 0.041 0.150 0,131 0.077 

0,014 
0.039 
0.028 

0.036 0,031 
0.035 

0,073 
0.018 

0.033 

0,235 0.233 0.289 0.188 0.420 0.576 0.229 

Date: 30.5.86 Day:212. DFAA's. 

a.a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l . 
Phe 
Leu 
Orn 
Lys 
TOTAL 

1 

0.045 
0.040 

Sample No. 
2 3 4 5 6 7 

0.020 0,165 0.062 0.035 0.034 0.040 
0.050 0.137 0.050 0.053 0.056 0.054 
0.117 1.437 0.139 0.046 0,139 0.032 

0.040 089 
154 
254 
513 
117 

0.061 

049 
020 0.037 

0.058 
0,031 

0.189 0.096 

0.085 0.217 

080 
123 
653 
289 
200 0,416 0.171 0.379 0.126 

B.8 



Date: 5.6.86 Day:218. DFAA's. 
Sample no. 

a.a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 

1 
0.017 
0.083 
0.067 

2 
0.062 
0.093 
0.062 

3 
0.035 
0.065 
0.094 

4 

0.055 
0.098 

5 6 
0.021 

7 
0.040 
0.027 
0.126 

8 9 
0.059 

0.055 0.067 
0.036 0.145 

a.a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 

1 
0.017 
0.083 
0.067 

2 
0.062 
0.093 
0.062 

3 
0.035 
0.065 
0.094 

4 

0.055 
0.098 

7 
0.040 
0.027 
0.126 

8 9 
0.059 

0.055 0.067 
0.036 0.145 

a.a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 

1 
0.017 
0.083 
0.067 

2 
0.062 
0.093 
0.062 

3 
0.035 
0.065 
0.094 

4 

0.055 
0.098 

7 
0.040 
0.027 
0.126 

8 9 
0.059 

0.055 0.067 
0.036 0.145 

a.a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 

0.063 0.036 

a.a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 

0.063 0.036 

a.a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 

a.a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 

0.059 0.067 
0.017 

0.079 

a.a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 

0.059 0.067 
0.017 

0.079 0.074 

a.a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 

0.067 
0.017 

a.a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
f a 1. 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 

f a 1. 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 

f a 1. 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 

f a 1. 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 

f a 1. 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 

f a 1. 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys TOTAL 0.226 0.364 0.23 0.153 BLD 0.082 0.272 0.091 0.498 

Date: 5.6.86 DCAA's. 
Sample No. 

a.a. 1 2 
Asp 0.120 0.050 
Glu 0.092 0.050 
Ser 0.017 0.060 
His . 0.192 0.124 
Gly 1.455 0.225 
Thr 0.015 
Arg 0.075 
Ala 0.049 
Tyr 0.036 0.006 
Abu 
Val 0.312 0.005 
Met 
T r p / I l e 
Phe 
Leu 0.037 0.05 
Orn 
Lys 
TOTAL 2.395 0.585 

B.9 



Date: 12.6.86 Day:225. DFAA's 

Sample No. 
5 

0.031 
0.050 
0.044 

6 
0.029 
0.039 
0.085 

7 
0.032 
0.071 
0.042 

8 9 
0.022 0.032 
0.069 0.064 
0.069 0.056 

0.050 0.033 

a.a. 1 2 3 4 
Asp 0.023 0.036 0.070 0.031 
Glu 0.146 0.099 0.143 0.047 
Ser 0.472 0.089 
His . 0.111 
Oly 0.371 
Thr 
Arg 0.038 
Ala 0.085 0.050 
Tyj. 0.040 
Abu 
Val 0.047 
Het 
T r p / I l e 
Phe 
Leu 0.066 
Orn 
Lys 

TOTAL 0.254 0.185 1.358 0.167 0.125 0.153 0.145 0.210 0.185 

Date:12.6.86 DCAA's. 
a.a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL 

Sample No. 
1 4 6 7 9 

0. 179 0.102 0.184 0. 089 0. 058 
0. 156 0.036 0.239 0. 086 0. 062 
0. 146 0.206 0. 057 0. 042 
0. 257 0.120 0.166 0. 137 0. 063 
0. 298 0.405 0.488 0. 317 0. 236 
0. 039 0.029 0.022 0. 057 0. 045 
0. 016 0.052 0. 036 0. 016 0.052 0. 036 
0. 083 0.016 0.106 0. 041 0. 083 0.016 0.106 0. 041 
0. 052 0.018 0.032 0. O i l 0. 014 

0. 148 0.074 0.142 0. 121 0. 077 

0.053 
0.017 

1.444 0.800 1.637 0.916 0.633 

B.IO 



Date: 

a.a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I 
Phe 
Leu 
Orn 
Lys 
TOTAL 

2.7.86 Day:245. DFAA's. 
Sample No. 

1 2 3 4 5 6 
0.113 0.086 0.068 0.056 0.052 0.123 
0.060 0.043 0.071 0.042 0.066 0.063 
0.443 0.312 0.236 0.223 0.216 0.445 

le-

7 8 9 
0.264 0.176 0.077 
0.097 0.059 0.111 
1.174 0.721 0.305 

0.325 0.195 0.134 0.147 0.119 0.145 
0.040 0.067 0.053 

0.182 0.102 0.106 0.074 0.090 0.109 
0.055 0.029 0.016 0.018 0.050 0.038 

728 
238 
104 
393 
089 

0.473 
0.106 

0.217 

0.262 
0.046 

0.151 
0.035 

0.043 0.063 0.047 0.032 0.042 0.135 0.075 0.071 

0.017 0.064 

0.062 
0.151 0.152 

0.083 0.031 
0.203 0.257 

1.474 1.049 0.678 0.592 0.593 1.018 3.527 2.270 0.967 

Date: 2.7.86 

a.a. 1 
Asp 0. 204 
Glu 0. 354 
Ser 0. 040 
His 0. 275 
Gly 0. 280 
Thr 0. 162 
Arg 0. 108 
Ala 0. 107 
Tyr 
Abu 
Val 0. 080 
Met 
T r p / I l e 0. 051 
Phe 0. 051 
Leu 0. 020 
Orn 0. 090 
Lys 
TOTAL 1. 822 

DCAA's. 
Sample No. 
3 5 7 

0.098 0.132 0.161 
0.132 0.136 0.560 

0.153 
0.280 
0.085 

0.034 

0.156 
0.335 
0.106 
0.024 
0-068 

0.276 
0.370 
0.093 

0.054 
0.050 

0.059 
0.067 
0.076 
0.113 0.089 

1.159 1.105 

079 
079 
058 
054 
069 
964 

8 
0.226 
0.460 
0.209 
0.419 
0.490 
0.163 
0.050 
0.156 

0.062 0.059 0.061 0.194 

0.018 
0.060 
0.060 
0.141 

2.646 

B . l l 



Date: 8,7.86 Day:251 DFAA's, 
Sample No 

a,a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 

Phe 
Leu 
Orn 
Lys 
TOTAL 

1 
0.159 
0.083 
0.436 

2 
0.051 
0.058 
0.141 

3 
0.044 
0.051 
0,150 

4 
0.061 
0.060 
0,248 

5 
0.079 
0.065 
0.317 

6 
0.074 
0,066 
0,187 

7 
0.086 
0.056 
0.393 

8 
0.045 
0.057 
0.193 

9 
0.158 
0.086 
0.678 

0.245 
0.056 

0.060 0.111 0.186 0.098 0.243 0,126 0.483 
0.116 

0.245 
0.056 

0.060 0.111 
0.047 

0.186 0.098 0.243 0,126 0.483 
0.116 

0.245 
0.056 0.047 

0.483 
0.116 

0.183 
0.023 

0,092 0.106 0.093 0,109 
0.030 

0.028 0.115 
0.058 

0.067 0.291 
0.041 

0.183 
0.023 

0,109 
0.030 

0.115 
0.058 

0.291 
0.041 

0.082 0.051 0.031 0.049 0.086 0.080 0.082 0.051 0.031 0.049 0.086 0.080 

0.038 0.038 

0.036 
0.170 

0.071 
0.235 

0.036 
0.170 

0.071 
0.235 

0.036 
0.170 

0.071 
0.235 

1.511 0.402 0.462 0.560 0.817 0.502 1.037 0,488 2.239 

Date: 8.7.86 DCAA's 

a .a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL 

Sample No. 
1 3 5 8 12 

0 .073 0. 217 0, 182 0 .225 0 .256 
0 .227 0. 199 0. 268 0 .248 0 .436 

0, 244 0. 102 0 .129 0 .193 0, 244 0. 102 0 .129 0 .193 
0 .252 0, 330 0. 182 0 ,105 0 .214 
0 ,235 0. 492 0. 380 0 .442 0 .522 
0 ,062 0. 098 0, 113 0 .102 0 .204 

0. 096 0. 112 0 .152 0. 096 0. 112 0 .152 
0 .041 0. 141 0, 069 0 .149 0 .124 
0 .002 0. 048 0. 016 0 .056 0 ,033 

0 .249 0. 208 0, 263 0 .445 0 .352 

0.012 0,032 

0.026 0.093 0.094 
0.056 
0.037 
0.032 

1.179 2.198 1.687 1.995 2.611 

B.12 



Date: 15.7.86 

a.a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL 

1 
0.039 
0.080 

0.078 

Day:258 DFAA's. 
Sample No. 

2 - 4 5 
0.023 0.008 0.034 
0.045 0.049 
0.081 0.123 0.093 

0.043 0.035 

0.041 

11 
0.026 
0.043 
0.066 

0.058 

0.197 0.192 0.166 0.217 BLD 0.193 

Date: 15.7.86 DCAA's. 
Sample No. 

a.a. 2 8 11 
Asp 0.132 0.227 0.211 
Glu 0.088 0.168 0.138 
Ser 0.117 0.239 0.168 
His 0.262 0.233 0.229 
Gly 0.502 0.454 0.444 
Thr 0.165 0.138 0.176 
Arg 0.093 
Ala 0.111 0.268 0.086 
Tyr 0.022 0.033 0.032 
Abu 
Val 0.013 
Met 
T r p / I l e 0.101 
Phe 
Leu 0.054 0.033 
Orn 
Lys 
TOTAL 1.647 1.760 1.530 

B.13 



Date 

a.a. 1 
Asp 0.034 
Glu 0.042 
Ser 

23.7.86 Day:266 DFAA's. 
Sample No. 

2 3 4 
0.016 0.028 0.037 
0.054 0.065 

0.135 0.098 

5 
0.025 
0.043 
0.027 

6 
0.046 
0.047 
0.114 

7 
0.027 
0.045 
0.017 

8 
0.022 
0.026 

9 
0.027 
0.037 
0.143 

10 

0.018 

0.081 His 
Qly 
Thr 
Arg 
Ala 0.018 0.055 0.042 0.042 0.035 0.057 0.048 
Tyr 
Abu 
Val 
jtet 
T r p / I l e 
Phe 
Leu '• 
Orn 
Lys 
TOTAL 0.094 0.125 0.270 0.177 0.095 0.242 0.089 0.105 0.255 0.099 

Date: 23.7.86 DCAA's 
Sample No. 

a.a. 1 2 4 6 8 
Asp 0. 291 0. 193 0. 209 0. 369 0. 145 
Glu 0. 266 0. 183 0. 261 0. 414 0. 166 
Ser 0. 368 0. 281 0. 258 0. 565 0. 228 
His 0. 189 0. 130 0. 164 0. 191 0. 199 
Gly 0. 716 0. 868 1. 019 0. 522 0. 522 
Thr 0. 241 0. 018 0. 167 0. 334 0. 125 
Arg 0. 257 0. 029 
Ala 0. 322 0. 188 0. 223 0. 323 0. 129 
Tyr 0. 045 0. 045 0. 043 0. 146 0. 026 
Abu Abu 
Val 0. 358 0. 214 0. 283 0. 206 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL 

0.066 

0.074 

0.063 
0.062 
0.078 

2.796 2.260 2.627 
0.124 
3.655 1.569 

B.14 



Date: 

a.a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I 
Phe 
Leu 
Orn 
Lys 
TOTAL 

Date: 

a.a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l ( 
Phe 
Leu 
Orn 
Lys 
TOTAL 

30.7.86 Day:273 DFAA's*. 
Sample No 

1 2 3 4 
0.030 0.062 0.107 0.035 
0.075 0.065 0.066 

0.346 

6 7 8 
0.020 0.028 0.044 
0.036 0.046 0.064 

0.078 0.159 

0.037 0.203 
0.030 

0.114 

0.047 0.178 
0.016 

0.033 0.083 
0.029 

0.049 

le-

0.333 

0.105 0.146 1.327 0.101 BLD 0.056 0.185 0.493 

30.7.86 DCAA's 
Sample No 

1 2 6 8 
0. 168 0. 256 0. 152 0 .203 
0. 162 0. 323 0. 146 0 .242 
0. 093 0. 426 0. 163 0 .415 
0. 302 0. 116 0. 113 0 .083 
0. 416 0. 818 0. 612 0 .681 
0. 083 0. 144 0. 103 0 .184 

0 .064 0 .064 
0. 164 0. 225 0. 142 0 .234 
0. 033 0. 059 0. 027 0 .022 

0.209 0,152 0.221 0.295 

0.083 0.083 

0.084 
0.176 
0.246 
3.108 

0.046 0.020 
0.145 

0.084 
0.176 
0.246 
3.108 

0.020 
0.145 

1.630 

0.084 
0.176 
0.246 
3.108 1.752 2.588 

B.15 



6.8.86 Day:280 DFAA's. 
Sample No. 

1 2 3 4 
0:032 0.023 0.024 0.024 
0.059 0.057 0.065 
0.133 0.033 0.042 

Date: 

a. a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL 

Date: 6.8.86 DCAA's 

0.064 
0.028 

6 
0.035 
0.072 
0.109 

7 
0.126 
0.139 
0.688 

0.128 0.039 0.021 0.447 

0.096 
0.324 
0.062 

0.068 0.021 0.024 0.054 
0.066 

0.096 
0.324 
0.062 

0.054 
0.066 

0.096 
0.324 
0.062 

A f\ A Q 0.062 • 0,049 0.062 

0.067 
0.315 
0.067 
0.315 
0.067 
0.315 

a. a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL 

1 
0.084 
0.039 

2 
105 
027 

0.116 
0.268 
0.134 
0.033 
0.034 
0.028 

131 
882 

0.024 0. 152 0. 186 0.406 

No. 
3 4 8 11 

0.153 0. 138 0. 121 0.036 
0.156 0. 123 0. 108 
0.099 0. 083 0. 028 
0.136 0. 146 0. 213 0.112 
0.639 0. 689 0. 532 0.139 
0.056 0. 068 

0.084 0.128 
0.034 

0.076 0.072 

0.099 0.191 0.193 0.202 0.149 

0.028 

0.863 1.420 1.594 1.525 
0.264 
1.487 0.287 

B.16 



Date: 

a.a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l 
Phe 
Leu 
Orn 
Lys 
TOTAL 

4.9.86 Day:309 DFAA's. 
Sample No. 

1 2 3 4 
0.035 0.115 0.049 0.178 
0.064 0.075 0.029 0.128 
0.094 0.409 0.107 0.713 

0.084 
0.074 0.235 0.088 0.449 

0.158 
0.111 

0.044 0.137 0.056 0.295 
0.044 0.064 

5 6 7 8 9 
0.116 0.084 0-.065 0.083 0.087 
0,094 0,049 0.052 0.093 0.062 
0.581 0.317 0.254 0.398 0.298 

0.407 0.204 0.132 0.198 0.111 
0.174 
0.067 
0.204 0.128 0.097 0.154 0.107 
0.039 0.056 0.015 

0.086 0.192 0.149 0.051 0.068 0.052 

0.063 
0.044 
0.304 0.251 

0.311 1.352 0.329 2.788 

0.044 
0.129 0.116 

2.004 0.889 0.650 1.125 0.717 

Date; 4.9.86 DCAA's. 
Sample No 

a .a. 1 4 5 8 11 
Asp 0. 578 0 .083 0. 148 0 .033 0. 199 
Glu 0. 522 0 .102 0. 156 0 .052 0. 166 
Ser 0. 783 0. 138 0 .028 0. 132 
His 0. 444 0 .106 0. 150 0 .105 0. 116 
Gly 1. 135 0 .228 0. 382 0 .257 0. 547 
Thr 0. 406 0 .068 0. 058 0 .050 0. 084 
Arg 0. 188 0. 048 0. 073 
Ala 0. 640 0 .074 0. 128 0 .033 0. 130 
Tyr 0. 043 0. 015 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL 

0.200 0.092 0.043 0.058 

0.142 0.012 
0.066 0.038 
0.139 
0.252 
0.157 0.116 
5.695 0.827 

0.064 
0.080 
0.126 
0.115 
1.685 0.611 

0.119 

1.639 

B.17 



Date: 

a.a. 
Asp 
Glu • 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL 

24.9.86 Day:329 DFAA's. 
Sample No. 

1 2 4 5 
0.225 0.201 0.063 0.107 
0.073 0.077 0.052 0.067 
0.815 0.410 0.113 0.247 

7 8 
0.092 
0.044 
0.316 0.312 

0.375 0.343 
0.075 0.113 
0.125 0.111 
0.325 0.217 0.114 0.146 
0.029 0.071 

0.160 0.153 

0.154 0.159 
0.033 

0.185 0.136 0.022 0.088 0.089 0.082 

0.149 0.169 

2.376 1.738 0.364 0.766 0.888 0.706 

Date: 24.9.86 

a.a 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL 

DCAA•s 
Sample No 

1 
0.088 
0.146 

152 
741 
121 
012 
008 
019 

2 
0.268 
0.208 
0.025 
0.283 
0.508 

0.125 
0.074 

4 
0.482 
0.335 
0.365 
0.249 
0.855 
0.103 
0.264 
0.182 
0.084 

5 
109 
489 
608 
268 
718 
112 
083 
253 
068 

7 
0.266 
0.190 
0.066 

8 
0.338 
0.224 

0.692 
0.051 

0.383 
0.045 

0.057 0.030 
0.040 

0.026 0.090 0.263 0.122 

0.016 0,012 0.099 

0.052 0.204 

1.381 1.593 3.485 

0.108 
0.044 
0.142 

4.002 1.444 1.060 

B.18 



Date: 1.10.86 Day:336 DFAA's. 
Sample No. 

a.a. 1 2 3 4 5 6 7 8 
Asp 0.078 0.051 0.102 0.046 0.097 0.048 
Glu 0.042 0.037 0.015 0.034 0.033 0.044 
Ser 0.121 0.130 0.153 0.373 0.218 0.663 0.125 
His 
Gly 0.107 0.070 0.235 0.136 0.293 
Thr 0.058 
Arg -
Ala 0.051 0.064 0.145 0.070 0.275 0.014 
Tyc 0.023 0.058 
Abu 
Val - 0.043 0.061 0.137 
Met 
T r p / I l e 
Phe 
Leu 
Orn 0.121 
Lys 
TOTAL 0.042 0.287 0.346 0.321 0.939 0.503 1.746 0.187 

Date: 1.10.86 DCAA's 
Sample No. 

a.a. 1 2 4 5 8 
Asp 0.165 0.196 0.108 0.037 0.118 
Glu 0.081 0.209 0,007 0.091 0.095 
Ser 0.012 0.234 
His 0.513 0.484 0.202 0.206 
Gly 0.322 1.374 0.467 0.252 0.509 
Thr 0.066 0.213 0.111 
Arg 0.205 0.087 
Ala 0.112 0.209 — 0.121 
Tyr 0.042 
Abu 
Val 0.022 0.278 0.051 0.021 0.245 
Met 
T r p / I l e 
Phe 
Leu 0.046 
Orn 
Lys 
TOTAL 1.293 3.448 0.835 0.694 1.241 

B.19 



Date: 16.10.86 Day.351 DFAA's. 
Sample No. 

a.a. 1 2 3 4 5 6 
Asp • 0.032 
Glu 0.032 0.062 0.028 0.037 
Ser 0.077 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
fjet 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL 0.141 0.062 BLD 0.028 BLD 0.037 BLD BLD 

Date: 16.10.86 DCAA's 
Sample No. 

a.a. 1 3 4 6 
Asp 0.115 0.183 0.155 0.094 
Glu 0.125 0.152 0.162 0.072 
Ser 0.046 
His 0.232 0.176 
Gly -0.183 0.442 0.766 0.460 
Thr 0.124 
Arg 
Ala 0.046 0.100 0.116 0.100 
Tyr 0.054 0,042 
Abu 
Val 0.004 0.128 0.068 0.079 
Met 
T r p / I l e — 
Phe 
Leu 
Orn 
Lys 
TOTAL 0.705 1.359 1.309 0.851 

B.20 



Date: 23.10.86 Day:358 DFAA's. 
Sample No. 

a.a, 1 2 3 4 5 6 ' 7 8 
Asp 0.023 0.062 
Glu 
3er 0.083 0.063 0.101 0.186 
His 
Qly 

Thr 
Arg 
Ala 0.025 0.056 
Tyr 
Abu 
Val 
r^et 
T r p / I l e 
Phe 
Leu ^ 
Orn 
Lys 
TOTAL BLD BLD 0.083 0.063 ELD 0.023 0.126 0.304 

Date: 23.10.86 DCAA's 
Sample No. 

a.a. 1 2 3 4 
Asp 0.214 0.588 0.251 0.280 
Glu 0.149 0.606 0.155 0.260 
Ser 0.043 0.548 0.146 0.189 
His 0.576 0.364 
Gly 0.708 1,214 1.044 1.463 
Thr 0.391 
Arg 0.465 0,139 
Ala 0,204 0,502 0.103 0.256 
Tyr 0,181 0.056 
Abu 
Val 0.372 0,394 0,295 0.248 
Met 
T r p / I l e 
Phe 
Leu 0.209 6,086 
Orn 0,138 
Lys -
TOTAL 1.690 6.080 2.358 3.115 

B.21 



Date: 8.11.86 Day:371 DFAA*s. 
Sample No. 

a.a. 1 2 3 4 5 6 7 
Asp 0.109 O.048 
Glu 0.062 0.025 ' 0.026 
Ser 0.223 0.096 0.050 0.118 
His — 
Gly 0.166 0.057 0.069 
Thr 
Arg 
Ala 0.121 0.087 0.082 0.067 
Tyr 0.041 
Abu 
Val 0.140 0.065 0.039 
Met 
T / I l e 
Phe 
Leu : 
Orn 
Lys 
TOTAL 0.862 0.242 0.025 0.151 0.115 0.067 0.231 

Date: 8.11.86 DCAA's 
Sample No. 

a.a. 1 2 4 6 7 
Asp 0.026 0.130 0.101 0.104 0.027 
Glu 0.052 0.102 0.112 0.071 0.073 
Ser 
His 0.174 0.191 0.183 
Gly 0.290 0.358 0.781 0.348 0.509 
Thr 
Arg 
Ala 0.007 0.063 0.100 
Tyr 
Abu 
Val 0.050 0.013 0.148 0.123 0.112 
Met 
T r p / I l e 0.068 
Phe 
Orn 
Lys 
TOTAL 0.486 0.784 1.333 0.709 1.004 

B.22 



Date: 13.11.86 Day:379 DFAA's. 
Sample No. 

a.a. 1 . 2 3 4 5 6 9 10 
Asp 0.030 0.030 
Glu 0.045 
Ser 0.090 0.052 0.202 0.048 0.070 
His 
Gly 
Thf 
Aj-g 
Ala 0.066 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL 0.120 BLD 0.052 BLD BLD 0.202 0.189 0.070 

Date: 13.11.86 DCAA's 
Sample No. 

a.a. 1 2 4 9 10 
Asp 0.090 0.201 0.218 0.172 0.227 
Glu 0.090 0.155 0.121 0.069 0.141 
Ser 0.098 0.108 0.074 0.007 
His 0.402 
Gly 0.777 0.683 1.029 0.635 0.423 
Thr 0.126 0,122 
Arg 0.059 
Ala 0.099 0.154 0.149 0.096 0.192 
Tyr 0.052 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL 1.249 1.436 1.861 1.30a 1.623 

0. 103 0.104 0 .152 0.076 0.109 

0. 038 0. 038 

0.041 0 (\QA 0.041 0 

B.23 



Date: 20.11.86 Day:386 DFAA's. 
Sample No. 

a.a. 1 2 3 4 5 
Asp 0.045 0.044 
Glu 0.131 0.044 
Ser 0.042 0.097 0.147 
His 
Gly 0.097 0.080 
Thr 
Arg 
Ala 0.045 0.085 
Xyr 0.073 0.019 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL BLD BLD 0.343 0.250 0.356 

Date: 20.11.86 DCAA*s 
Sample No. 

a.a. 1 2 3 4 
Asp 0.148 0.102 0.107 0.080 
Glu 0.120 0.007 0.008 
Ser 0.032 
His . 0.271 0.373 0.220 
Gly 0.390 0.721 0.643 0.432 
Thr 
Arg 
Ala 0.105 0.032 0.090 
Tyr . 0.080 
Abu 
Val 0.109 0.101 0.072 
Met 
T r p / I l e 
Phe 
Leu 0.050 
Orn 
Lys 
TOTAL 1.175 1.315 0.991 0.812 

B.24 



Date: 27,11.86 Day:393 DFAA's. 
Sample No. 

1 2 3 4 a.a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
TV : / I l e — 
Phe 
Leu 
Orn 
Lys 
TOTAL BLD 

0,044 0.074 0,058 

BLD 0.044 0.074 0,058 BLD 

Date: 27.11.86 

a.a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL 

1 
0,082 
0,072 
0,123 

0.310 

0.294 

0.106 

0.103 

DCAA's 
Sample No 

2 
247 
311 
167 
311 
409 
141 
109 
184 
056 

3 
0.234 
0,212 

185 
190 
380 
157 
102 
224 

4 
0.165 
0.146 
0.212 

5 
0.089 
0.086 
0.073 

0.048 

0,390 
0.120 
0,116 
0,192 
0.056 

0.242 

0.054 
0.084 

0.056 0.082 0.055 0.013 

1.090 

0.056 
0.114 0.076 0.063 

0.118 
0.125 

2.161 2.015 1.633 0.641 

B.25 



Date: 10.12.86 Day:406 DFAA's. 
Sample No. 

a.a. 1 2 3 4 5 6 10 
Asp 0.144 0.031 
Glu 0.066 
Ser 0.453 0.104 
His 
Gly 0.353 . 0.107 
Thr 0.109 
Arg 
Ala 0.178 0.060 
Tyr 0.049 
Abu 
Val 0.059 
Met 
Trp/Xle 0.079 - 0.091 
Phe 
Leu 
Orn 0.276 
Lys 
TOTAL 1.766 BLD BLD BLD 0.031 BLD 0.362 

Date: 10.12.86 DCAA's 
Sample No. 

a.a. 1 2 3 4 10 
Asp 0,019 0.122 0.101 0.058 0.108 
Glu 0.019 0.149 0.116 0.138 0.166 
Ser 0.090 0.102 0.098 
His 0.293 
Gly 0.171 0.864 0.647 0.888 0,551 
Thr 
Arg 0.051 
Ala 0.023 0.093 
7yr 0.001 
Abu 
Val 0.092 0.063 0.046 
Met 
T r p / I l e 0.014 0.270 0.138 
Phe 0.079 0.024 
Leu 0.178 0.042 
Orn 
Lys 
TOTAL 0.246 1.938 1.233 1.475 0.922 

B.26 



Date:- 18.12.86 Day:414 DFAA's. 
Sample No. 

1 2 3 4 

0.152 

0.057 

0.047 

a.a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
j^et 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL 0.256 

6 
0.032 

10 

0.028 0.114 0.127 

0.082 

0.028 BLD BLD 0.114 0.241 BLD 

Date: 

a. a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I 
Phe 
Leu 
Orn 
Lys 
TOTAL 

18.12.86 DCAA's 
Sample No 

2 
0.092 
0.074 

117 
636 

l e 

4 
0.067 
0.076 
0.074 
0.235 
1.193 

0.052 
0.071 

10 
0.162 
0.248 
0.096 
0.324 
2.008 

0.183 

0.048 0.046 0.237 

0.026 

0.059 

0.054 
0.967 1.894 3.367 
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Date: 8.1.87 Day:435 
Sample No 

a.a. 1 2 3 
Asp 0.035 0.033 
Glu 
Ser 0.173 0.048 
His 
Gly 0.096 
Thr 
Arg 
Ala 0.042 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu T 
Orn 
Lys 
TOTAL 0.035 0.344 BLD BLD BLD BLD BLD 0.048 

Date: 8.1.87 DCAA's 
Sample No. 

a. a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l 
Phe 
Leu 
Orn 
Lys 
TOTAL 

0. 
1 
034 

2 4 5 
0. 
6 
016 

a. a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l 
Phe 
Leu 
Orn 
Lys 
TOTAL 

0. 
1 
034 

0. 
0. 

062 
137 

0. 
6 
016 

a. a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l 
Phe 
Leu 
Orn 
Lys 
TOTAL 

0. 
0. 
2. 
0. 
0. 
0. 

190 
115 
062 
042 
113 
076 

0. 
0. 

062 
137 0. 260 

a. a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l 
Phe 
Leu 
Orn 
Lys 
TOTAL 

0. 
0. 
2. 
0. 
0. 
0. 

190 
115 
062 
042 
113 
076 

0. 
0. 

062 
137 0. 260 

a. a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l 
Phe 
Leu 
Orn 
Lys 
TOTAL 

0. 
0. 
2. 
0. 
0. 
0. 

190 
115 
062 
042 
113 
076 

1. 544 0 .958 0 .503 1. 694 

a. a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l 
Phe 
Leu 
Orn 
Lys 
TOTAL 

0. 
0. 
2. 
0. 
0. 
0. 

190 
115 
062 
042 
113 
076 

0. 
0. 

122 
116 

0 .046 0 .084 0. 
0. 

126 
060 

a. a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l 
Phe 
Leu 
Orn 
Lys 
TOTAL 

0. 
0. 
2. 
0. 
0. 
0. 

190 
115 
062 
042 
113 
076 

0. 
0. 

122 
116 

0. 
0. 

126 
060 

a. a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l 
Phe 
Leu 
Orn 
Lys 
TOTAL 

a. a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l 
Phe 
Leu 
Orn 
Lys 
TOTAL 

0. 299 0. 149 0 .042 0 .054 0. 123 

a. a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l 
Phe 
Leu 
Orn 
Lys 
TOTAL 

0. 071 

a. a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l 
Phe 
Leu 
Orn 
Lys 
TOTAL 

0. 071 

a. a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l 
Phe 
Leu 
Orn 
Lys 
TOTAL 

a. a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l 
Phe 
Leu 
Orn 
Lys 
TOTAL 

0. 

3. 

124 

055 

0. 
0. 
2. 

086 
186 
402 

a. a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l 
Phe 
Leu 
Orn 
Lys 
TOTAL 

0. 

3. 

124 

055 

0. 
0. 
2. 

086 
186 
402 

0 
1 
.187 
.233 

0 
0 
.106 
808 

0. 
2. 

124 
474 
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1 2 3 6 8 10 
0.071 0, 064 0 .055 0 .045 0 .133 
0.022 0. 044 0 ,041 0 .008 
0.476 0. 464 0. 548 0 .387 P .283 0 .947 

0.260 0. 288 0. 269 

0.113 0. 093 0. 106 0 .075 0 .083 0 .208 
0.017 — 0. 045 0 .041 0 .032 0 .082 

0.047 0, 056 0. 052 0 .047 0 .085 

Date: 15.1.87 Day:442 DFAA's-
Sample No. 

a.a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 0.080 
Orn 0.196 0.144 0.192 0.128 0.123 0.790 
Lys 0.127 
TOTAL 1.202 1.089 1.276 0.733 0,607 2,460 

Date 15.1.87 DCAA's 
Sample No. 

a.a. 1 2 3 6 8 10 
Asp 0.038 0.066 0.074 
Glu 0.090 0.062 0.075 0,099 0.065 0.193 
Ser 0.049 0.096 0.185 
His — 
Gly 0.100 0,652 0.287 0.594 0.620 0.420 
Thr 0.114 
Arg 0.034 0.096 
Ala 0.013 0.061 0.029 0,052 0,012 
Tyr 0.206 0.190 0.156 0.301 0.220 0.098 
Abu 
Val 0.002 
Met 
T r p / I l e 0,033 
Phe 
Leu 0.026 
Orn 
Lys 
TOTAL 0.492 1.005 0.547 1,264 1,189 0.910 

B.29 



Date: 30.1.87 Day:457 DFAA's 
Sample No. 

a.a. 1 2 3 4 5 6 7 
Asp 
Giu 
Ser 0.076 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL BLD BLD BLD 0.076 BLD BLD BLD 

Date: 30.1.87 DCAA's 
Sample No. 

a.a. 1 3 4 5 6 
Asp 0.078 0.109 0.109 0.075 0.057 
Glu 0.049 0.076 0.036 0.043 0.080 
Ser 0.017 
His 
Gly 0.650 0.843 0.276 0.898 0.886 
Thr 
Arg 
Ala 0-112 0.149 0,008 0.101 
Tyr 
Abu 
Val 0.002 0.022 0.057 0.070 
Met 
T r p / I l e 
Phe 
Leu 0.052 
Orn 
Lys 
TOTAL 0.943 1.199 0.486 1.117 1.110 

B.30 



Date: 5 

a.a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL 

2.87 Day:463 DFAA's. 
Sample No. 

1 2 3 4 5 6 7 
0.104 0.114 0.064 0.026 0.059 0.022 
0.063 0.064 0.042 
0.752 0.638 0.206 0.186 0.328 0.140 

0.320 0.344 0.064 0.067 0.046 

0.175 0.098 
0.042 0.061 0.025 

0.104 

1.456 1.423 0.270 0.317 0.026 0.500 0.162 BLD 

Date: 5.2.87 DCAA's 
Sample No. 

1 3 4 
0.055 0.163 0.052 
0.268 0.437 0.058 

0.063 

a.a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL 

0.504 0.790 0.772 

0.056 0.118 0.088 
0.007 

0.278 

0.883 1.849 1.039 

5 
0.164 
0.264 

236 
420 
443 
168 
198 
189 
034 

0.062 0.153 

0.126 
0.123 
0.166 

0.186 
3.861 

B.31 



Date: 

a.a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l 
Phe 
Leu 
Orn 
Lys 
TOTAL 

12.2.87 Day:470 
Sample No 

1 2 3 
0.024 

0.052 0.033 
0.043 

6 
0.032 

0.039 

0,058 

0.052 0.158 BLD BLD BLD 0.071 BLD 

Date: 12.2 

a.a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l e 0 
Phe 
Leu 
Orn 
Lys 
TOTAL 

1 
0.198 
0.112 
0.208 

87 DCAA'S 
Sample No. 
2 4 

0.116 0,097 
0.057 0.086 
0.072 0,100 

5 6 
0,147 0.042 
0.060 0.038 
0.220 

1.352 1.480 1.285 1.677 
0.053 

1.618 
0.106 

0,155 
0.113 

0.141 0.092 0.124 
0.035 

0.046 
0.019 

0.275 0.083 0.176 0.236 0.136 

133 0,052 
0.126 
0.116 

2.788 2.001 
0.168 
2.004 2.552 2.005 

B.32 



Date: 

a.a 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l 
Phe 
Leu 
Orn 
Lys 
TOTAL 

19.2.87 Day:477 DFAA's. 
Sample No. 

10 9 8 7 
0.056 — 
0.033 — • 

0.072 0.291 — 

0.223 
0.036 
0.065 

0.041 

4 
0.032 

0.030 

BLD 0.072 0.745 BLD BLD ELD 0.062 

Date: 19.2.87 

a.a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL 

10 
0.100 
0.066 
0.070 

DCAA•s 
Sample No. 

9 8 7 6 
0.108 0.212 0.135 0.148 
0.081 0.352 0.081 0.118 

0.280 0.131 0.151 

0. 
0. 

710 
056 

0. 355 0. 576 0 .272 0. 
0. 

382 
114 

0. 
0. 

710 
056 

0. 
0. 

382 
114 

0, 057 0. 083 0. 257 0 .089 0. 
0. 

136 
021 

0. 
0. 

136 
021 

0. 071 0. 051 0. 221 0 .066 0, 328 

0. 
0. 
0. 
0. 
0. 
2. 

117 
063 
043 
243 
116 
480 

0. 084 0. 
0. 
0. 
0. 
0. 
2. 

117 
063 
043 
243 
116 
480 

0. 084 0. 
0. 
0. 
0. 
0. 
2. 

117 
063 
043 
243 
116 
480 

0. 070 

0. 
0. 
0. 
0. 
0. 
2. 

117 
063 
043 
243 
116 
480 

0. 070 

0. 
0. 
0. 
0. 
0. 
2. 

117 
063 
043 
243 
116 
480 

0 
0 
.132 
.906 

0. 
1. 

125 
677 1. 130 0. 678 

0. 
0. 
0. 
0. 
0. 
2. 

117 
063 
043 
243 
116 
480 

0 
0 
.132 
.906 

0. 
1. 

125 
677 
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Date: 26.2.87 Day:484 DFAA's. 
Sample No. 

a.a. 1 2 3 4 5 6 7 
Asp 0.131 0.057 0.089 0-.068 0.082 0.055 0.125 
Glu 0.058 0.037 0.045 0.033 0.049 
Ser 0.268 0.239 0.429 0.341 0.383 0.290 0.740 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 

Date: 26,2.87 DCAA's 
Sample No. 

a.a. 1 3 4 
Asp 0.088 0.062 0.122 
Glu 0.252 0.232 0.308 
Ser 0.144 0.098 

0 207 0 ,214 0. 327 0. 
0. 

266 
063 

0 .290 0 
0 
.497 
.067 

207 0 ,214 0. 327 0. 
0. 

266 
063 0 .078 

0 .290 0 
0 
.497 
.067 

0. 
0. 

266 
063 0 .078 

0 
0 
.497 
.067 

0. 
0. 

081 
036 

0 
0 
.054 
.028 

0. 
0. 

079 
034 

0. 
0. 

105 
042 

0 
0 
.102 
.034 

0 
0 
.088 
.043 

0 
0 
.193 
.053 

0. 041 0 .035 0. 043 0. 034 0 .042 0 .040 0 .071 

0 .068 

0. 
0 

048 
093 

0. 
0. 

044 
144 

n .035 
.196 

0. 
0 

048 
093 0 .161 

0. 
0. 

044 
144 0 .128 

0 
n 
.035 
.196 v . 

048 
093 0 .161 

0. 
0. 

044 
144 0 .128 Q 

.035 

.196 

0. 963 0 .825 1. 234 0. 919 0 .754 0 .934 2 .094 

5 6 
0 .576 1. 142 
1 .083 1. 368 
1 .047 1. 383 

0. 276 
1 .830 0. 996 
0 ,162 0. 436 
0 .192 0. 458 
0 .422 0. 443 

0. 301 

His — 
Gly 0.653 0.406 0.516 
Thr 0.123 0.103 0.123 
Arg 
Ala 0.134 0.106 0.116 
Tyr 
Abu 
Val 0.139 0.122 0.083 0.256 0.485 
Het 
T r p / I l e 0.175 
Phe 0.208 0.274 
Leu 0.053 0,044 0.068 0.276 0.428 
Orn 0.143 0.286 
Lys 0.228 0.338 
TOTAL 1.586 1.075 1.577 6.741 8.298 

B.34 



Date: 5.3.87 Day:491 DFAA's 
Sample No. 

a.a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL 

1 
0.122 
0.083 
0.585 

2 
0.196 
0.108 
0.935 

0.275 
0.073 

0.122 
0.038 

0,437 
0.146 

0.186 
0.094 

3 
0.204 
0.087 
1.115 
0.180 
0.517 
0.128 
0.084 
0.257 
0.092 

4 5 6 
0.113 0.108 0.164 
0.054 0.064 0.090 
0.608 0.652 0.953 

0.366 0.424 0.482 
0.053 0.119 0.138 

7 
0.256 
0.068 
1.538 
0.249 
0.965 
0.242 

0.152 0.152 
0.067 0.056 

0.219 0.352 
0,064 0.100 

0.094 0.102 0.076 0.057 0.115 0.121 

0.032 0.080 
0.071 
0.028 0.092 

0.157 0.329 0.392 
0.128 

1.487 2.624 3.458 

0.074 0.102 
0.229 0.139 0.323 0.443 

0.098 
1.792 1.771 2.548 4.534 

Date: 5.3 

a.a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL 

87 DCAA's 
Sample No 

1 
0.155 
0.469 
0.047 

1.424 
0.197 

0.336 

0.105 

0.062 

3.020 

2 
218 
655 
073 
362 
032 
096 

0,225 0.280 

3 
0.243 
0.745 

0.266 
1.531 
0.185 
0.004 
0.168 

4 
0.269 
0.573 
0.293 
0.479 
1.339 
0,175 
0.053 
0.213 

5 
0.306 
0.453 
0,097 

0.842 
0.112 

0.206 

0. 203 0, 223 0. 198 0. 288 

0. 166 0. 137 0. 064 
0, 006 0. 112 0. 092 
0. 126 0. 036 0. 043 
0. 093 0. 132 0, 116 0. 155 
0. 183 0. 048 0, 166 
3. 493 3. 581 4. 167 2. 615 
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Date: 12.3.87 Day:498 DFAA's. 
Sample No. 

a.a. . 9 8 7 6 . 5 4 3 
Asp 0.124 0.087 0,102 0.046 0.046 0.041 0.038 
Glu 0.072 0.071 0.047 0.055 0.047 0.035 
Ser 0.336 0.328 0.471 0.156 0.093 0,132 0.048 
His 
Qly 0.235 0.261 0,124 0.126 0.097 
Thr 
Arg 
Ala 0,065 0.122 0.044 
Tyr 0.027 0.019 0.030 
Abu 
Val 0.035 0.027 
Met 
T r p / I l e 
Phe 
Leu 
Orn 0.093 0.096 
Lys 
TOTAL 0.687 0.761 1.153 0.418 0.320 0.317 0.121 

Date: 12.3.87 DCAA's 
Sample No. 

8 7 6 a.a. 9 
Asp 0 .082 
Glu 0 .309 
Ser 0 .141 
His 
Gly 0 .616 
Thr 
Arg 0 .088 
Ala 0 ,458 
Tyr 0 .020 
Abu 

0.616 0.842 0.645 0.288 

0.143 

Val 0.113 0.141 0.363 0.428 
Met 
T r p / I l e 
Phe 0,052 
Leu 0.144 0.113 0.296 0.494 
Orn 0.161 
Lys 0.192 
TOTAL 2.023 2.184 2.609 1.835 

B.36 



Date: 19.3.87 Day:505 
Sampl 

a.a. 1 2 
Asp 0.112 0.091 
Glu 0.079 0.059 
Ser 0.668 0.543 
His 0.291 
Gly 0.392 0.322 
Thr 0.114 0.096 
Arg 0.097 
Ala 0.152 0.138 
Tyr 0.052 0.039 
Abu 
Val 0.103 0.048 
Met 
T r p / I l e 
Phe 0.055 
Leu 0.079 — 
Orn 0,289 0.157 
Lys 
TOTAL 2.184 1.784 

DFAA's. 
e No. 

3 4 5 6 
0.199 0.057 0.126 0.117 
0.235 0.060 0.032 
0-637 0.201 0.735 0.632 
0.210 
5.033 0.161 0.378 0,323 
0,170 0,128 0,104 
0.920 
0.589 0.051 0.159 0,168 
0,203 0.019 0,062 0.036 
0,050 
0.179 0.058 0.056 
0.082 
0.197 
0.143 
0.322 0,045 0.028 

0.168 0.174 
0.203 0.140 
9.370 0.629 1.910 1.670 

Date: 19.3.87 DCAA's 
Sample No. 

1 2 4 5 
0.222 0.052 0.149 0.245 
0.496 0.236 0,238 0.497 

- 0,018 
0,137 

0.374 0.134 0.563 0.492 
0,010 0.040 0.168 

0.082 0.106 0,182 

a.a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l e 0.099 0.047 
Phe — 
Leu 0.081 0.108 0.073 
Orn 0.074 0.016 
Lys 
TOTAL 1.497 0.751 1,551 1.778 

0.133 0.060 0.236 0.139 

0.070 

B.37 



Date: 1.4,87 Day 518. DFAA's. 
Sample No. 

a.a. 1 2 3 4 
Asp 0,075 
Clu - — , 
Ser 0.216 0.048 
His 
Gly 0.052 
Thr -
Arg 
Ala — 0.122 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 0.292 
Lys 
TOTAL BLD BLD 0.757 BLD 0.048 

Date: 1.4.87 DCAA 
Sample No. 

a.a. 1 2 3 4 
Asp 0.102 0.126 0.038 0.135 
Glu 0.088 0.182 0.146 0.120 
Ser 0,035 0.127 0.003 
His 
Gly 0.677 0.575 0.917 0.899 
Thr 0,040 0.024 0,096 
Arg 
Ala 0,079 0.145 0.063 
Tyr 0.077 0.107 0.076 0.082 
Abu 
Val 0.012 0.052 0.167 
Met 
T r p / I l e 0.145 0.176 
Phe 0.082 
Leu 
Orn 
Lys 0.318 0.220 0.274 
TOTAL 1.655 1.388 1.660 1,752 

B.38 



Date: 15.4.87 Days.532 DFAA's. 
Sample No. 

a.a. 1 2 3 4 5 6 
Asp 0.054 0.028 0,036 0.018 
Glu 0.055 0.034 0.041 0.047 
Ser 0.071 0.068 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe -
Leu 
Orn 
Lys 
TOTAL BLD BLD 0.109 0,062 0.148 0.133 

Date: 15.4.87 DCAA 
Sample No, 

a.a. 2 3 4 5 
Asp 0.216 0.074 0.069 0.053 
Glu 0.167 0.075 0.065 0.046 
Ser 0,536 0.072 0.024 
His : 0.324 
Gly 1.374 1.087 0.512 0.323 
Thr 0.189 0.052 0.075 
Arg 
Ala 0.252 0.109 0.054 0,083 
Tyr 0,022 0.093 0.021 0.058 
Abu 
Val 0.139 0,142 0.076 0.129 
Met 
T r p / I l e 
Phe 0.188 
Leu 0,065 0.105 
Orn 0.173 
Lys 
TOTAL 3.645 1.809 0.896 0.692 

B.39 



Date: 23.4.87 Days.540 DFAA's, 
Sample No. 

a.a, 1 2 3 4 5 6 7 
Asp 0.028 0.036 0.049 0.031 0,022 0.054 
Glu 0.059 0.048 0.052 0.034 0.059 
Ser 
His 
Qly 

Thr 
Arg 
Ala 0.088 
Tyr 
Abu 
Val — 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL BLD 0.028 0.095 0.097 0.083 0.056 0.201 

Date: 23.4.87 DCAA 
Sample No 

1 2 
0.063 0.038 

0.065 

a.a. 
Asp 
Glu 
Ser 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL 

236 
708 1.173 

3 
0.116 
0.095 
0.052 
0.227 
0.728 

1.042 1.989 
0,234 
1.670 

4 
0.062 
0.034 
0.082 

0.396 
0.102 

0.035 0.058 
0.034 

0.063 
0.009 

0. 080 0.058 
0.034 

0.063 
0.009 

0.204 0.146 0. 111 

0.362 0.362 

0.055 0.055 

0.867 
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Date: 30.4,87 Days.547 DFAA's. 
Sample No. 

a.a. 1 2 3 4 5 
Asp 0.027 0.048 
Glu 0,033 
Ser 0.054 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL 0.027 0.033 0.054 0.048 BLD 

Date: 30.4.87 DCAA 
Sample No. 

a.a. 1 2 3 4 
Asp 0.109 0.118 0.118 0.076 
Glu 0.198 0.099 0,163 0.207 
Ser 0.104 0.082 0.007 0.044 
His 0.282 0.274 
Gly 0.813 0.356 1.169 0.474 
Thr 0.082 0.045 
Arg 
Ala 0.074 0.052 0.084 0.094 
Tyr 0.030 0.045 0,034 . 
Abu 
Val 0.050 0.018 0.214 0.008 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL 1.660 0.852 2.063 0.948 
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Date: 7.5.87 Days.554 DFAA's. 
Sample No. 

a.a. 1 2 3 4 5 6 
Asp 0.028 — — 0,029 
Glu 0,027 0,032 
Ser 0.064 0.097 
His 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu 
Val — 0,061 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL BLD BLD 0.092 0.027 BLD 0.219 

Date: 7.5.87 DCAA 
Sample No. 

a.a. 1 2 3 4 
Asp 0.174 0.096 0.101 0.173 
Glu 0.158 0.102 0.170 0.112 
Ser 0.204 0.128 0.084 0.135 
His 0.147 0.184 0.221 
Gly 0.406 0.996 0.588 0.456 
Thr 0.045 
Arg 0.072 
Ala 0.156 0.101 0.152 
Tyr 
Abu 
Val 0.234 0.222 0.080 0.121 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL 1.332 1.792 1.359 1.335 
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Date: 14.5.87 Days.561 DFAA's. . 
Sample No. 

a.a. 1 2 3 4 5 
Asp 
Glu 
SSr — - 0.042 
j^j^S 
Gly 
Thr 
Arg 
Ala 
Tyr 
Abu — 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL BLD BLD BLD BLD 0.042 

Date: 14.5.87 DCAA 
Sample No. 

a.a. 2 3 4 
Asp 0.208 0.124 0.148 
Glu 0.126 0.062 0.073 
Ser 0.634 0.140 0.308 
His 0.163 
Gly' 1.459 0.968 0.938 
Thr 
Arg 
Ala 0.258 0.088 0.163 
Tyr 0.045 
Abu 
Val 0.274 0.218 0.119 
Met 
T r p / I l e 
Phe 
Leu 
Orn 0.319 0.256 
Lys 
TOTAL 3.278 1.600 2.213 
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Date: 21.5.87. Days.568 DFAA's. 
Sample No. 

a.a, 1 2 3 4 5 
Asp 0,075 0.039 0.069 0.031 
Glu 0.041 
Ser 0.312 0.110 0.187 0.109 
His 
Gly 0,164 
Thr 
Arg 
Ala 0.117 0.069 
Tyr 
Abu 
Val 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL 0.668 0.041 0.149 0.256 0.209 

Date: 21.5.87 DCAA 
Sample No. 

a.a. 1 3 4 5 
Asp 0.039 0.085 0.021 
Glu 0.093 0.045 0.023 0.067 
Ser 0.006 
His 0.181 0.284 0.192 
Gly 0.700 0.402 0.466 0.448 
Thr 
Arg 
Ala 0,088 0.115 0.166 0.045 
Tyr 0.049 0.054 0,036 0.043 
Abu 
Val , 0.321 0,118 0.162 
Met 
T r p / I l e 
Phe 
Leu 
Orn 
Lys 
TOTAL 1.432 0.773 1.228 0.816 
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APPENDIX I I I , 

The C a l c u l a t i o n s Used t o Produ c e t h e G r a p h s and T a b l e s 

i n C h a p t e r 5 from t h e Raw D a t a i n A p p e n d i c e s I and I I . 

i / . T a b l e 1 below i s a d a t a s e t t a k e n from Appendix I . 

Column 3 headed DFAA ( d i s s o l v e d f r e e amino a c i d s ) i s 

the sum of the i n d i v i d u a l amino a c i d s p r e s e n t i n t h a t 

sample. The s i x DFAA v a l u e s f o r t h i s d a t a s e t have been 

a v e r a g e d . The a v e r a g e v a l u e s of e a c h d a t a s e t o v e r the 

s a m p l i n g p e r i o d have been p l o t t e d p r o d u c i n g a graph of 

av e r a g e t o t a l d i s s o l v e d f r e e amino a c i d s l e v e l s p er b a t c h 

of s a m p l e s . ( F i g 5.3a, C h a p t e r 5 ) . The same p r o c e s s was 

r e p e a t e d f o r t h e d i s s o l v e d combined amino a c i d s , ( c o l u m n 4 

DCAA), and t h e a v e r a g e v a l u e s f o r e a c h b a t c h of sa m p l e s 

can be s e e n i n F i g . 5.3b, C h a p t e r 5, T h e s e b a t c h a v e r a g e s 

were t h e n grouped i n months and a v e r a g e d t o g i v e the 

monthly a v e r a g e l e v e l s of t h e 2 f r a c t i o n s ( F i g s . 5.4 

a+b, C h a p t e r 5 ) . 

i i / . The c a l c u l a t i o n of t h e r a t i o of d i s s o l v e d combined 

to d i s s o l v e d f r e e amino a c i d s was p e r f o r m e d a s f o l l o w s ; 

Column 6 of a p p e n d i x I i s t h e DCAA l e v e l d i v i d e d by t h e 

DFAA of t h a t s a m p l e . T h e s e v a l u e s a r e t h e n a v e r a g e d f o r 

the month g i v i n g r i s e to F i g , 20, C h a p t e r 5. 

i i i / . Use of d a t a i n a p p e n d i x I to d e t e r m i n e what 

p e r c e n t a g e of T o t a l d i s s o l v e d n i t r o g e n (TN) and d i s s o l v e d 

o r g a n i c n i t r o g e n (DON) was p r e s e n t a s amino a c i d s . Colum.n 
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5 of appendix I i s the sum of columns 3 and 4 and i s che 

t o t a l d i s s o l v e d amino a c i d l e v e l of t h e sample (TAA). TAA 

i s d i v i d e d by t o t a l d i s s o l v e d n i t r o g e n o r d i s s o l v e d 

o r g a n i c n i t r o g e n l e v e l s and m u l t i p l i e d by 100. Columns 7 

and 8 r e s p e c t i v e l y . The d a t a f o r TN and DON v a l u e s a r e 

t a k e n from B u t l e r e t a l 1979. A g a i n , the v a l u e s were 

grouped i n t o month and a v e r a g e d to produce F i g s . 5.21b 

and 5.22b. 

T a b l e 1. Taken from Appendix 1. 

Date: 15.7.86 Days. 258 
Column number. 

1 2 3 4 5 6 7 8 

No. L o c a t i o n DFAA DCAA TAA R a t i o %TN %DON 
< uM > (10.0) ( 8 . 8 ) 

< uM > 
1 M a l l a r d B. 0.197 -
2 Melampus B 0.192 1.647 1.839 9 18 21 
4 W. End BW. 0.166 
5 Knapp B. 0.217 
8 A2.5 C34.5 BLD 1.760 1.760 > 46 18 20 
11 E. End BW. 0.193 1.530 1.723 8 17 20 

Average V a l u e s . . 0.161 1.646 18 20 

No. of Samples. 6 3 3 3 

CVS 50 7 

F i g u r e s f o r t h e c o n c e n t r a t i o n of i n d i v i d u a l amino a c i d s 

i n each sample of the d a t a s e t c a n be found i n Appendix 

I I an example of s u c h a s h e e t of d a t a w h i c h r e l a t e s t o 

T a b l e 1 above, can be s e e n i n T a b l e 2 below. 
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TABLE 2. A d a t a s h e e t 
q uoted a r e i n umoles/1 

from Appendix I I . A l l f i g u r e s 

Date: 

a . a. 
Asp 
G l u 
S e r 
H i s 
G l y 
T h r 
Arg 
A l a 
T y r 
Abu 
V a l 
Met 
T r p / I l 
Phe 
Leu 
Orn 
L y s 
TOTAL 

15.7.86 Day:258 DFAA's. 
Sample No. 

1 2 4 5 
0.039 0.023 0.008 0.034 
0.080 0.045 0.049 

0.081 0.123 0.093 

11 Av TOTAL 
0.026 0.022 0.130 
0.043 0.036 0.217 
0.066 0.060 0.363 

0.078 0.013 0.078 

0.043 0.035 0.058 0.022 0.136 

0.041 0.006 0.041 

0.197 0.192 0.166 0.217 BLD 0.193 0 . 965 

Date: 15.7.86 DCAA's. 
Sample No. Av TOTAL 

a. a . 2 8 11 
Asp 0.132 0.227 0.211 0.190 0.570 
G l u 0.088 0.168 0.138 0.131 0.394 
S e r 0.117 0.239 0.168 0.174 0.524 
G l c / H i s 0.262 0.233 0.229 0.241 0.724 
G l y 0.502 0.454 0.444 0.466 1.400 
Thr 0.165 0.138 0.176 0.159 0.479 
Arg 0.093 0.031 0.093 
A l a 0.111 0.268 0.086 0.155 0.465 
T y r 0.022 0.033 0.032 0.029 0.087 
Abu 
V a l 0.013 0.004 0.013 
Met 
T r p / I l e 0.101 0.033 0.101 
Phe 
Leu 0.054 0.033 0.029 0.087 
Orn 
L y s 
TOTAL 1.647 1.760 1.530 4.937 
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i v / . Use of a p p e n d i x I I to d e t e r m i n e i n d i v i d u a l amino 

a c i d l e v e l s o v e r s a m p l i n g p e r i o d . The columns l a b e l l e d 

Average (Av) and TOTAL i n T a b l e 5.2 above a r e n o t 

s p e c i f i e d i n Appendix I I but a r e shown h e r e to i l l u s t r a t e 

how d a t a has been p r o c e s s e d . The t o t a l c o n c e n t r a t i o n of 

e a c h a c i d i s found by summing the v a l u e s i n t h e d a t a row 

c o r r e s p o n d i n g to t h a t a c i d . The t o t a l i s t h e n d i v i d e d by 

th e number of s a m p l e s to produce an a v e r a g e v a l u e f o r t h e 

a c i d . These a v e r a g e v a l u e s a r e p l o t t e d t o g i v e a graph of 

the i n d i v i d u a l amino a c i d l e v e l s o v e r t h e s a m p l i n g p e r i o d 

( F i g s . 5 . 5 to 5.19 a+b). 

v/. How t h e d a t a i n a p p e n d i x I I was u s e d to c a l c u l a t e 

p e r c e n t a g e c o m p o s i t i o n f i g u r e s . The t o t a l c o n c e n t r a t i o n 

of e a c h a c i d i s c a l c u l a t e d a s shown i n i v / . above i . e . 

the row c o r r e s p o n d i n g to t h e a c i d i s summed. To 

d e t e r m i n e t h e p e r c e n t a g e c o m p o s i t i o n of an a c i d e.g. 

a s p a r t i c a c i d (Asp) the t o t a l l e v e l of (Asp) i s d i v i d e d 

by t h e g r a n d t o t a l (sum of a l l t h e amino a c i d s ) and 

m u l t i p l i e d by 100. T h e s e r e s u l t s were grouped i n t o 

monthly f i g u r e s and a v e r a g e d t o p r o d u c e F i g s . 5.38 to 

5.56. 

v i . How t h e d a t a i n a p p e n d i x I I was u s e d t o c a l c u l a t e t h e 

" d i s a p p e a r e n c e " v a l u e s q u o t e d i n c h a p t e r 5. The a v e r a g e 

v a l u e s f o r t h e f r e e amino a c i d s was added t o t h e a v e r a g e 

v a l u e f o r the same a c i d i n the combined f r a c t i o n g i v i n g a 

t o t a l amino a c i d v a l u e , e.g. i f a s p a r t a t e had an a v e r a g e 

v a l u e of 5 umoles/1 i n t h e f r e e f r a c t i o n and 15 umoles/1 
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i n the combined f r a c t i o n the t o t a l amino a c i d c o n t e n t f o r 

t h a t a c i d would be 20 umoles/1. The d i s a p p e a r a n c e v a l u e 

was c a l c u l a t e d by d i v i d i n g t h e 5 by t h e 20 and 

m u l t i p l y i n g by 100. i . e . 25 p e r c e n t of t h e a s p a r t a t e was 

l e f t ( a s s u m i n g the t o t a l amino a c i d c o n t e n t to be 100 

p e r c e n t ) . T h e r e f o r e 75 p e r c e n t of t h e a s p a r t a t e had 

" d i s a p p e a r e d " . T h i s p r o c e s s was r e p e a t e d t h r o u g h o u t 

Appendix I I and a l i s t of " d i s a p p e a r a n c e " v a l u e s was 

o b t a i n e d . The range and a v e r a g e v a l u e s were t h e n 

c a l c u l a t e d f o r t h e a c i d and a r e r e p o r t e d i n c h a p t e r 5. 

The p r o c e s s was r e p e a t e d f o r a l l t h e a c i d s . 
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A B S T R A C T 

An investigation into the conditions necessary to determine accurately the amino acid com­
position of the dissolved combined amino acid ( D C A A ) fraction of sea water was undertaken. 
Maximum recoveries were obtained by hydrolysing seo water samples in 6A/ H C l in tubes 
evacuated to 0.05 mm Hg pressure and heated at 110°G for 16 h. 

Ful l details of the method are reported, together with environmental data indicating the range 
of total D C A A found in the coastal waters off Plymouth. U . K . The need for further studies of this 
fraction in the context of phytoplankton nutrition is commented upon. 

I N T R O D U C T I O N 

In recent years i t has become apparent that i n the marine environment, 
studies of primary production should take account of not only the dissolved 
inorganic nitrogen nutr ients but also the dissolved organic ni trogen 
compounds (Butfer et al . . 1979). 

The importance of the biota-related organic ni t rogen compounds w h i c h are 
present in relat ively high concentrations in the waters of the euphotic zone, 
par t icular ly dur ing the summer months, was emphasized in the report of the 
Royal Society Study Group on the Ni t rogen Cycle o f the Uni ted K ingdom (The 
Royal Society 1983). U n t i l recently l i t t l e was known about the nature of these 
compounds but the development of HPLC has enabled a number of them, such 
as the dissolved free amino acids ( D F A A ) to be quant i f ied ( L i n d r o t h and 
Mopper, 1979). The role of D F A A in the g rowth of phy top lank ton has recently 
been reviewed (F lynn and Butler , 1986). A s ignif icant por t ion of the remaining 
unidentif ied organic ni t rogen is contained in larger molecules w i t h molecular 
weights ranging f rom 500 to more than 50000 (Ogura, 1977). Th is high 
molecular weight f rac t ion contains compounds such as polypeptides and 

004S-9697/88/SO3.O0 © 1988 Elsevier Science Publishers B .V . 
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T A B L E I 

Reported free and combined amino nitrogen levels in sea water 

Levels (fti\f) Ratio Ref. Hydrolysis 
of method 

Dissolved Dissolved D F A A 
free combined to 
amino amino D C A A 
acids acids 
( D F A A ) ( D C A A ) 

0.56 4.01 7 Siegels and Degens 6 A/ H C I . 22 h 
0.72 1.35 3 (1966) Reflux 
0.77 1.37 2 
0.50 1.29 3 
0.58 2.40 4 

0.04 0.40 10 Lee and Bada (1975) 6M H C I . 24 h 
0.12 1.20 10 Reflux 

0.306 0.93 3 Daumas (1976) No details 
0.306 0.654 2 
0.079 1.571 20 
0.46S 0.472 1 
0.561 1.051 2 

0.015 0.175 12 Lee and Bada (1977) 6Af H C I . 24 h 
0.015 O.ISO 12 Reflux 

0.266 0.619 2 Garrasi et al. 5i\t H C I . 22 h. IIO^C 
0.514 0.357 2 (1979) Glass ampoule flushed 
0.362 0.633 2 with N . and sealed 
0.313 0.372 1 

1.067 4.534 4 Bolter and Dawson S i U H C I mi.xed 1:1 
(1982) with seawater 

nO"C. 22 h 

0.017 0.49 29 Henrichs and 6M H C I . no°c 
0.013 0.48 37 Williams 24 h. Glass ampoule 
0.094 1.06 11 (1985) flushed with N'. and 

sealed 

proteins and a l though i t is improbable that such compounds are d i rec t ly 
uti l ised by phytoplankton . the na tura l processes in the marine ecosystems 
results in their breakdown to simpler molecules such as amino acids which can' 
be uti l ised. The ni t rogen content o f the high molecular weight f rac t ion is 
therefore of importance when a l l the possible nu t r i en t n i t rogen sources are 
being considered i n studies o f pr imary product iv i ty . A number o f workers have 
measured the level of amino-ni trogen in this f r ac t ion and examples of the 
results found are given in Table 1. As Table 1 shows, the method most 
commonly used to determine combined amino-M levels has been to hydrolyse 
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the filtered sample w i t h concentrated hydrochloric acid and then determine the 
total amino acid ( T A A ) level. The dissolved combined amino acid ( D C A A ) level 
is then given by the difference between the T A A and the dissolved free amino 
acids (DFAA) . This difference method is used since the levels o f D C A A 
compounds found in the sea water are far below the l imi ts of detect ion of the 
methods current ly used to measure such compounds d i rec t ly , e.g. protein 
determination by biuret . Also, a knowledge of the amino acid composi t ion of 
the macromolecules is required for environmental studies. 

In our own studies we have used the hydrolysis method to invest igate the 
level of ni trogen contained i n the unident if ied organic N f r a c t i o n in the 
English Channel, but experienced a variety of diff icul t ies -.vhen using these 
published methods. We therefore carried out a series of experiments w i t h the 
objective o f developing a reliable method and in this paper we describe the 
results of our studies. 

The main d i f f icu l ty i n method development was due to the low concen­
trations of natura l ly occur r ing free and combined amino acids in sea water, 
which are often at picomole levels. I t is not possible to use a concent ra t ion step 
pr ior to an analysis as this can cause losses or contaminat ion of the analyte 
(Garrasi et al.. 1979). 

E X P E R I M E . N J T A L 

Development of the method 

Dissolved free amino acids 
Amino acid analysis was carried out by the method of Evens et a l . (1982) w i t h 

the fo l lowing modif icat ion. A Waters 420 C detector was convened to a 420 AC 
detector w i t h a resultant increase in sensit ivi ty. The l imi t s o f detect ion and 
precision at two levels are shown i n Table 2. 

Dissolved combined amino acids 
I n i t i a l l y the samples for est imating the combined amino acids were 

hydrolysed at atmospheric pressure in a semi-sealed ref lux apparatus using 6 M 
hydrochloric acid at its bo i l ing point. This procedure gave unrel iable results, 
one of the main problems being h igh blanks. Fur ther studies showed tha t these 
high blanks could be par t ly accounted for by a contaminant i n the deionized 
double dis t i l led water used in the blank hydrolysis procedure. The con­
taminant was found to be an amino-acid-containing macromolecular species 
which could be removed by filtration through a 0.45/im filter. S imi la r con­
taminants i n deionized double dis t i l led water have been reported by other 
workers (Samata and .Matsuda, 1986). However, even when this par t i cu la r 
contaminant had been removed by filtration the blank values obtained were 
s t i l l of the same order as the na tu ra l ly occurr ing levels of dissolved free amino 
acids in seawater and fur thermore the blank level results we:*e not repro­
ducible (Table 3). I t was concluded that the high blank values were due to an 
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T A B L E 2 

Limits of detection ( L O D ) and precision (Coefficient of variation ( C V ) | at the levels of 6.6 pmol 
iO.OSuM) and 19.3 pmol (0.25^iA/) for each amino acid in seawater 

Amino L O D (pmol) C V at 6.6 C V at 19.3 
acid pmol level pmol level 

(%) (%) 

Asp 2 10 4 
Glu 1 u 13 
Ser 4 17 9 
His 9 B L D 16 
Gly 6 38 35 
Thr 6 97 3 
Arg 6 39 11 
Ala 2 4 ^ 
Tyr 1 6 
Abu 2 15 
Vol I 7 
Met 4 4 
Trp/[Ie 4 110 7 
Phe 6 90 9 
Leu 4 94 7 
Orn 10 B L D 5 
Lys 10 B L D 15 

B L D = below the limits of detection. 
pmol values refer to the amount chromatographed. fiM values refer to the concentration in the 
sample solution. These two values are related by a factor derived from the experimental procedure. 

aerial contaminant . 
Another problem w i t h this hydrolysis technique was that when i t was 

carried out using water spiked w i t h free amino acids, recovery o f some of these 
acids was very poor. These low yields are probably due to decomposition under 
the harsh condit ions of the acid hydrolysis (Hun t . 1985) (Table 4). As far as we 

T A B L E 3 

Duplicate procedural blanks (PB) obtained using 0.45pm filtered deionized double distilled water 
which had been hydrolysed in a semi-sealed reflux apparatus 

Date Blanks: T A A (tiM) 

3 J a n 86 2.203. 2.118 
21 J a n 86 1.230, 2.590 
23 J a n S6 0.952. 1.234 
23 J a n 86 0.250. 0.164 

3 Feb 36 0.066. 0.053 
11 Feb 86 1.251. 0.906 
25 Feb 86 0.125. 0.106 

6 Mar 86 0.645. 1.633 
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T A B L E 4 

Percent recoveries of free amino acids (29 pmol. 0.36pAf) which have been subjected to hydrolysis 
conditions using different methodologies 

.Amino Reflux Sealed tube Evacuated sealed 
acids tube (0.05 mm Hg) 

Asp 29 0 112 
Glu 24 0 l i s 
Ser 18 0 102 
His 0 0 116 
Gly 40 0 69 
Thr 0 0 125 
Arg 0 0 105 
Ala 91 0 111 
T y r 0 0 89 
Abu 104 0 79 
Val 70 0 97 
Met 0 0 0 
Trp/Ile 18 0 90 
Phe 0 0 68 
Leu 48 0 76 
Orn 0 0 57 
Lys 0 0 52 

are aware detailed e.xperimental studies of the hydro ly t i c losses of amino acids 
in sea water have not been reported. 

I t is possible that some of the reported results obtained by this often-used 
technique may be influenced by these problems, especially those w i t h the 
picomolar levels found i n na tura l sea waters. 

Due to the problems w i t h blanks and losses on hydrolysis ou t l ined above, 
a t tent ion was then turned to hydrolysis using a sealed-tube method which 
eliminated exposure to the air. I n i t i a l results were encouraging as apparently 
amino acid-free blanks were obtained. However, under these condi t ions added 
free amino acids at the 29 pmol (0.36/imolar) level gave zero recoveries, 
indicat ing extensive degradation. (Table 4, column 3). Degassing of the sample 
w i t h hel ium or flushing w i t h ni trogen were w i t h o u t effect. 

The main difference between the reflux and the sealed-tube methodologies is 
the pressure developed in the apparatus dur ing the hydrolysis process. 
Therefore, determinat ion of blanks (Table 5) and recoveries of free amino acids 
(Table 4. column 4). were repeated using a technique where pressure was 
reduced to 0.05 mm Hg before the tubes were sealed. 

The problems of contaminat ion i n trace level w o r k have been emphasized 
earlier in this paper. For environmental results to be meaningfu l the na tura l 
levels must be at least twice that of the blank. For D F A A w o r k the blanks 
obtained are below the l imits of detection of th ^ method (Table 2). The increase 
in operations necessary to hydrolyse a protein results i n a higher PB for T A A . 
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T A B L E 5 

Within batch (column I ) and between batch (column 2) means and coefficients of variation ( C V ) for 
procedural blanks obtained by evacuated sealed tube hydrolysis 

Column I Column 2 

Amino Mean of three Amino Mean of 20 
acids analyses (pA/) acids analyses fjiM) 

Asp 0.0S3 Asp 0.084 
GIu 0.073 G l u 0.090 
Ser 0.192 Ser 0.175 
C l y 0.057 Gly 0.122 
Ala 0.102 T h r 0.014 
Total 0.537 Ala 0.096 
C V Z.2Vo T v r 0.004 

Val 0.034 
Phe 0.002 
Leu 0.019 
Total 0.644 
C V 33«/o 

The evacuated sealed-tube hydrolysis method gives low reproducible blanks 
and high recovery of added free amino acids. The next stage of the investi­
gat ion was to evaluate the hydrolysis procedure w i t h respect to the percentage 
recovery of amino acids f rom a sample conta in ing known amounts of dissolved 
combined amino acids. This was achieved by hydrolys ing a protein wich known 
amino acid composit ion (Bovine Serum A l b u m i n . BSA) under various 
conditions (Table 6). A n aqueous solut ion of BSA at a concentrat ion o f 
3 X 10""g m l " ' was selected for these studies since i t contains DCAAs at 
approximately the same order of magnitude as expected to be present in the 
environment. Bovine Serum A l b u m i n was hydrolysed in UV-irradiated 
seawater to examine the effect of the n i t ra te on combined amino acid 
recoveries. Pure water, seawater and UV-ir radia ted seawater a l l gave s imi lar 
results. Add i t i on of n i t ra te to 36/imolar. the highest level normal ly encoun­
tered in estuarine waters and approximately three times greater than normal 
seawater. resulted in negligible recovery of amino acids f rom added protein. 
Both the ref lux method and the sealed tube method gave recoveries of - 90% 
at the 1 mg m l " ' level. However, this is several thousand times greater than 
that present i n sea water. Further pressure reduction or changes in the sample 
volume were w i t h o u t effect on the results of PBs. the recoveries of amino acids 
at the added 29pmol level or the recovery of a.a. f rom BSA hydrolysed at the 
3 X l O " ' g m l " M e v e l . H y d r o l y s i s o f B S A a t a l e v e l o f 3 x I 0 ' " g m l " ' y i e l d s a.a. 
at a theoretical level approximately equal to that of the added 29pmol level 
(Table 6. column 1). A comparison of Table 4 w i t h column 5 o f Table 6 shows 
that at this level some amino acid losses occur du r ing the degradation of the 
protein, since recoveries of added amino acid are generally better than the 
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T A B L E 6 

Percent recoveries of amino acids obtained by acid hydrolysis of B S A (at different levels) in sealed 
tubes under various conditions 

.Amino Column 
acid 

1 2 3 4 5 

Asp 23.0 0 62 57 67 
Glu 31.4 0 51 51 65 
Ser 11.3 0 114 43 54 
His 7.2 0 83 54 SO 
Gly 6.8 0 142 n o 62 
Thr 13.7 0 62 48 70 
Arg 11.1 0 53 73 84 
Ala 19.6 0 65 63 65 
T y r 7.5 0 59 69 69 
Val 14.2 0 74 77 59 
Phe U.2 0 44 50 61 
Leu 26.0 0 48 50 56 
Lys 24.6 0 51 50 66 

Column I; Theoretical level of amino acid (pmol) obtainable from a 3 - I 0 ' ' g ml"' aqueous 
solution of BSA (calculated from data given by Haurowitz 1963). 
Column 2: Percent recovery of amino acid from BSA. Hydrolysed in ultrapure water at 4 « 10'" g 
ml 'V 760mm Hg. 
Column 3: Percent recovery of amino acid from BSA. Hydrolysed in uitrapure water at 3 ' 10" ' g 
ml"', 0.05mm Hg. 
Column 4: Percent recovery of amino acid from BSA. Hydrolysed in seawater at 3 •< 10"'g m l ' ' . 
0.05 mm Hg. 
Column 5: Percent recovery of amino acid from B S A . Hydrolysed in UV-irradiated seawater at 
3 - lO 'g ml '. 0.05mm Hg. 

recoveries f rom the hydrolysed protein. We were unable to improve upon these 
results. The f u l l experimental detail of the hydrolysis procedure are given 
below. 

Recommended procedures 

Materials 
The water for preparing a l l solutions, blanks, washing glassware, etc. was 

obtained f rom a M i l l i - Q ul t rapure water uni t . 
Ar i s ta r Hydrochlor ic acid and reference amino acids were obtained f r o m 

B D H Ltd . Poole. England. 
Bovine Serum a lumin and Alpha Amino Adipic Ac id were obtained f rom 

S I G M A Ltd . Poole. England. 

Hydrolysis procedure 
(i) Pyrex test tubes measuring 150 x IS mm were cleaned by immersion in 

10% HCl overnight . They were then rinsed many times in M i l l i Q water and 
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allowed to dra in i n an inverted position. 
( i i ) A const r ic t ion - 3 mm in diameter was made 2 cm f rom the r i m of the tube 

using a glass lathe. 
( i i i ) The batch of constricted tubes was then placed i n an inverted position 

in a beaker. The beaker was covered w i t h a l u m i n i u m f o i l to prevent contami­
nat ion and placed in an oven. The oven temperature was raised to 560*'C over 
a period of 30 m i n and was maintained at that level for 20 m i n and then reduced 
to oOO^C for 6 h . The oven was then turned off . The tubes remained overnight 
in the oven to cool . This pyrolysis was necessary to ensure complete removal 
of traces of contaminat ing amino acids. 

( iv) The next stages o f the hydrolysis procedure were carr ied out i n a fume 
cupboard. Clean gloves were worn at a l l times to prevent contaminat ion of 
glassware or sample. 

(v) Samples w i t h appropriate blanks were hydrolysed as fo l lows: Aris tar 
hydrochloric acid ( I ml) was added to the hydrolysis tube using a washed, 
all-glass syringe, fo l lowed by the water sample (or M i l l i Q water i n the case of 
blanks) ( I ml) using an all-glass syringe w i t h a M i l l e x GV {0.22urn) filter 
attached. Amino adipic acid (100//I of a I x 1 0 " ^ / solut ion) was added, as 
internal standard, using a micropipette w i t h a pre-rinsed plastic t ip . The 
solut ion was degassed by bubbling hel ium through i t (2 min) using a previously 
cleaned glass capi l lary tube. A f t e r degassing, the samples were frozed by 
immersion in l iqu id ni t rogen. The sample tubes were then evacuated to a 
pressure of 0.05 mm Hg and sealed at the const r ic t ion w i t h a flame. Hydrolysis 
was carried out i n an oven at 100**C for 16 h. 

(vi) Af t e r hydrolysis the tubes were immersed in l iqu id n i t rogen and opened. 
The contents were care fu l ly poured in to a clean lO m l round-bottomed flask and 
the hydrolysate evaporated to dryness on a rotary film evaporator. Final traces 
of moisture and hydrogen chloride were removed by vacuum desiccation over 
potassium hydroxide for at least 15 h. Fo l lowing release of the vacuum. 1 ml of 
ul t rapure water was added to each round-bottomed flask and a 500/il al iquot 

T . A B L E 7 

Results of duplicate sea water hydrolyses and range and average levels for both D F A A and DC.A.A 
over sampling period 

Date Duplicate D C A A 
analysis (fi.M) 

.Average C V 
{%) 

5 Jun S6 2.395 
2.200 2.297 6 

12 Jun 86 1.520 
1.367 1.443 8 

DF.AA D C A A 
Range; BLD-9.372 0.246-6.741 

Average values: 0.333 1.579 
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T A B L E 8 

Results of D F and D C A A data w ith other measurements for depth samples for E l . Date 21 Jan 87 

Depth Temp. Salinity Si T D N NO, N H , D F A A D C A A 
(m) C O (^ig-at 1 - ' ) (;;mol 1 

0 8.90 35.34 2.96 13.71 3.51 1.40 0.364 0.167 
5 3.92 35.35 2.91 10.52 3.33 1.33 0.191 0.358 

10 8.92 35.40 2.77 10.21 4.15 1.20 0.910 1-261 
20 3.94 35.36 2.32 10.98 4.06 1.52 0.241 0.952 
70 3.92 35.35 2.79 10.46 3.26 1.14 1.11 1.143 

Abbreviations used: Si . reactive silicon: SO^. nitrate: T D N . total dissolved nitrogen: SH^. 
ammonia. 

analysed for amino acid content. 

D I S C U S S I O N 

Levels of both DCAA and D F A A have now been regular ly measured 
throughout the year in the sea off P lymouth and the f u l l results w i l l be 
published in a later issue of this j ou rna l . Table 7 gives a selection of duplicate 
analyses of environmental samples to indicate precision and the range of levels 
obtained. 

Table 8 shows the depth prof i le f rom In te rna t iona l Hydrographic s ta t ion El . 
22 miles o f f Plymouth in the English Channel. I t is clear that , at least on this 
occasion, the levels of D C A A were s imi lar to those found for ammonia which 
is a normal routine measurement in produc t iv i ty studies. I t also clearly 
indicates that both the dissolved free and combined amino acids contr ibute 
s ignif icant ly to the dissolved organic ni t rogen content of sea water. This 
emphasizes the need for fu r the r studies of the role played by such compounds 
as alternative planktonic nutr ients . 
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