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ABSTRACT

N ucleic  a c id  m etabolism  of th e  b r in e  shrim p, Artem ia s a l i n a , 

has been th e  s u b je c t o f r e c e n t  in v e s t ig a t io n  a t  th e  Oak Ridge N a tio n a l 

L a b o ra to r ie s  (U .S .A .) t o  determ ine th e  source  o f n u c le ic  a c id  p u rin e s  

r e l a t i v e  t o  th e  c e l l u l a r  n u c le o tid e  p oo ls  d u rin g  developm ent. As a  

seq u e l t o  t h i s  work, and t o  f u r th e r  in v e s t ig a te  th e  b io ch em ica l e v en ts  

fo llo w in g  h a tch in g  o f A rtem ia, newly hatched  la rv a e  ( n a u p l i i )  a re
3 2  3

m ain ta ined  f o r  6 hour p e rio d s  in  P i and adenosine~H and th e  n u c le ic  

a c id s  analyzed  f o r  ra d io a c tiv e  in c o rp o ra tio n . From t h i s  s tu d y  i t  i s  

a p p aren t t h a t  v i r t u a l l y  a l l  RNA sy n th e s is  i s  te rm in a te d  by 36 hours o f 

developm ent, w hereas DNA s y n th e s is  c o n tin u e s  f o r  18-20 a d d i t io n a l  

h o u rs . The r e la t io n s h ip  between RNA and DNA m etabolism , n u c le ic  a c id  

p u rin e  c o n te n t ,  and th e  p resence  o f an u n u su a lly  la rg e  amount o f a 

h ig h  m olecu lar-w eigh t RNA sp e c ie s  in  Artem ia i s  d is c u s se d .
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INTRODUCTION

Embryos o f th e  b r in e  shrim p, Artem ia s a l i n a , develop  e i t h e r

directly into nauplius larvae in the maternal ovisac or become encysted
a s  dormant g a s tru la e  (F a u tr e z -F ir le fy n , 1951) which undergo n e a r ly

com plete d e s s ic a t io n  and su b seq u en tly  c e s s a tio n  o f m etabolism  in  th e

embryo (C legg, 1967). In  th e  l a t t e r  c a s e , c ry p to b io s is  can be te rm in a te d

and developm ent resumed by re h y d ra tio n . A lthough h a tch in g  of n a u p l i i  i s

accompanied by a marked increase in mitotic activity, extensive
1

m orphogenesis occurs p r io r  to  h a tch in g  and w ith o u t DNA s y n th e s is  or 

c e l l  d iv is io n  (Emerson, 1963? N akanish i e t .  a l . ,  1962, 1963). 

U n fo rtu n a te ly  th e  b r in e  shrim p i s  a lm ost com plete ly  im pervious t o  RNA 

p re c u rso rs  d u rin g  t h i s  p e r io d  o f h igh  m orphogenetic a c t i v i t y .  

C onsequently , t h i s  th e s i s  w i l l  be concerned w ith  n u c le ic  a c id  m etabolism  

o ccu rrin g  s h o r t ly  a f t e r  h a tch in g  o f n a u p l i i .

A recent investigation of Finamore and Clegg (1969) has shown 
that nucleic acid purines are drawn from separate cellular pools, in 
particular DNA adenine from diguanosine tetraphosphate. As a sequel to 
this work, Artemia nauplii were "pulse-labelled" in an attempt to 
ascertain when RNA and DNA syntheses are turned on and/or off. Analysis 
of isotope incorporation into the nucleic acids, the acid-soluble

i
The fo llo w in g  a b b re v ia tio n s  have been used th ro u g h o u t t h i s  

t h e s i s :  RNA, r ib o n u c le ic  a c id ;  DNA, d eo x y rib o n u c le ic  a c id ;  EDTA, e t h y l - ,  
e n e d ia m in e te tra a c e tic  a c id ;  MAK, m ethy la ted  album in on k ie s e lg u h r ;  DEAE, 
d ie th y la m in o e th y l; AMP, ADP, and ATP, adenosine 5 ' -mono-, d i - ,  and t r i ­
phosphates r e s p e c t iv e ly ;  GMP, GDP, and GTP, guanosine 5 ' -mono-, d i - ,  and 
tr ip h o s p h a te s  r e s p e c t iv e ly ;  d iguanosine  te tra p h o sp h a te  o r Gp^G, P i ,  P*- 
d iguanosine  5*- te tr a p h o s p h a te ; UMP, u r id in e  5 ’ -m onophophosphate; UDP-X, 
carb ohydrate  d e r iv a t iv e  o f u r id in e  5 1-d ip h o sp h a te ; and P i ,  o rth o p h o sp h a te .

1
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2

n u c le o tid e  p re c u rs o r s ,  and t o t a l  n u c le ic  a c id  p u rin e  c o n c e n tra tio n s  

in d ic a te  t h a t  maximum s y n th e t ic  a c t i v i t y  o f RNA i s  com plete by 36 hours 

o f  developm ent, w hereas DNA s y n th e s is  i s  n o t com plete u n t i l  5^ h o u rs . 

A lso , f iv e  sp e c ie s  of n u c le ic  a c id s  from  Artemia have been s e p a ra te d  on 

columns o f m ethy la ted  album in on k ie se lg u h r  and t h e i r  im portance a n d /o r  

fu n c tio n  in  A rtem ia developm ent a re  d is c u s se d . These b iochem ica l 

o b se rv a tio n s , a s  p re sen te d  in  t h i s  t h e s i s ,  a re  in  agreem ent w ith  th e  

c y to lo g ic a l  ev idence f o r  resum ption  o f c e l l  d iv is io n  and m orphogenesis 

( B e l l in i ,  I960 ; N akanish i e t .  a l , , 1962, 1963) in  A rtem ia.

I t  i s  hoped t h a t  t h i s  th e s i s  w i l l  f u r th e r  e lu c id a te  th e  r o le  of 

th e  n u c le ic  a c id s  d u rin g  th e  developm ent o f A rtem ia.

R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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EXPERIMENTAL PROCEDURE

P re p a ra tio n  o f Artem ia Embryos

A ll experim ents were c a r r ie d  ou t on th e  b r in e  shrim p, A rtem ia 

s a l i n a . D ried  en cy sted  g a s t r u la e (c y s ts )  o f th e  G reat S a l t  Lake v a r ie ty  

were o b ta in ed  from Sanders B rine Shrimp Company, Ogden, U tah, and 

s to re d  a t  5°C.

P r io r  t o  use  th e  embryos were s t e r i l i z e d  by immersion in  7 $ 

a n tifo rm in  s o lu t io n  f o r  15 m inutes a t  5°C a s  p re v io u s ly  d e sc rib e d  

(N akahish i e t .  a l . , 1963). Follow ing rem oval o f f l o a t in g  c y s ts  and 

d e b r is  by  s u c tio n , th e  rem ain ing  c y s ts  were c o l le c te d  and washed s e v e ra l  

tim es  w ith  c o ld  d i s t i l l e d  w a te r on a  f r i t t e d  g la s s  f i l t e r .  This t r e a t ­

ment removes th e  o u te r  g ra n u la r  p a r t  o f th e  s h e l l  w ith o u t damaging th e  

embryos, and re n d e rs  th e  p re p a ra t io n  f r e e  o f c ry p to b io tic  m icroorganism s 

and d e b r is  which always accompany com m ercially  a v a i la b le  A rtem ia c y s ts .  

In cu b a tio n  P rocedures

Dormancy was te rm in a te d  by  in c u b a tin g  2-gm p o r tio n s  o f s t e r i l e  

g a s tru la e  in  la rg e  g la s s  p e t r i  d ish e s  (2  x  lk  cm) c o n ta in in g  100 ml of 

s t e r i l e  a r t i f i c a l  sea  w a ter (se e  Appendix A) and m ain ta ined  a t  30°C 

w ith  c o n s ta n t a g i ta t io n  t o  ensu re  an adequate  supply  o f oxygen. Emer­

gence o f p re -n a u p lia r  la rvae  b e g in s . 'in  th e s e  p o p u la tio n s  a f t e r  about 

7 -8  hours o f in c u b a tio n  and approx im ate ly  50 $  o f  th e se  embryos produce 

swimming n a u p l i i  a f t e r  20 hours in c u b a tio n . When d e s i r e d ,  p re -n a u p lia r  

larvae were c o l le c te d  in  th e  fo llo w in g  way. The t o t a l  p o p u la tio n  o f 12 

hour embryos was t r a n s f e r r e d  t o  a 500-ml Erlenm eyer f l a s k  and rocked  

g e n tly  a t  a  k5°  a n g le . With t h i s  tre a tm e n t th e  emerged em bryos, u s u a l ly  

s t i l l  a tta c h e d  t o  th e  empty c y s t s ,  c o l l e c t  a t  th e  su rfa c e  and can be
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c o l le c te d  e a s i l y  by  s u c tio n . This p rocedure  was re p e a te d  u n t i l  th e  

p o p u la tio n  co n ta in ed  a t  l e a s t  60 $ p re -n a u p lia r  la r v a e .  N au p lii were 

h a rv e s te d  a t  19 o r 30 hours by t r a n s f e r r in g  th e  c o n te n ts  o f th e  p e t r i  

d ish e s  in to  500-ml se p a ra to ry  fu n n e ls  and c o l le c t in g  th e  n a u p l i i  t h a t  

g a th e red  a t  th e  s topcock . This p rocedure  was re p e a te d  u n t i l  th e  n a u p l i i  

were f r e e  o f c y s ts  and d e b r is .  N au p lii (abou t 50,000) were p ip e t te d  in to  

la rg e  g la s s  p e t r i  d ish e s  (2 x  14 cm) and covered  w ith  100 ml of 

a r t i f i c i a l  sea  w a te r f o r t i f i e d  w ith  5 g® NaCl, 100,000 I .U . p e n i c i l l i n ,  

and 10 mg s trep to m y cin  s u l f a t e .  N au p lii t r e a te d  t h i s  way can be 

m ain ta in ed  a s e p t i c a l ly  and w ith o u t fe e d in g  f o r  about fo u r  days a t  25°C. 

Iso to p e  In c o rp o ra tio n  S tu d ies
3 2  3

At th e  d e s ir e d  t im e s , P i and adenosine-H  , e i t h e r  s e p a ra te ly  o r 

in  com bination , were added t o  th e  p e t r i  d ish e s  c o n ta in in g  n a u p l i i ,  and
3 2

m ain ta in ed  f o r  6 a d d i t io n a l  hours a t  25°C. Ther P i . ( c a r r i e r - f r e e  

o rthophosphate) and adenosine-H  (S .A . 500 mC/mmole) were employed a t  a 

f i n a l  c o n c e n tra tio n  of 10 pC/ml and 5 /iC/ml o f medium, r e s p e c t iv e ly .

A fte r  6 hours in c u b a tio n  in  th e  r a d io is o to p e (s )  th e  n a u p l i i  were 

c o l le c te d  on a  nylon sc reen  and washed w e ll w ith  d i s t i l l e d  w ater 

c o n ta in in g  1 0 0 -fo ld  ex cess  o f th e  u n la b e l le d  compound. The n a u p l i i  were 

qu ick  f ro z e n , and when a l l  samples were c o l le c te d ,  u sed  e i t h e r  f o r  

i s o la t io n  o f a c id - s o lu b le  n u c le o tid e s  o r n u c le ic  a c id s  a s  d e sc r ib e d  below . 

E x tra c tio n  and P u r i f ic a t io n  o f RNA

The fro z e n  n a u p l i i  p re p a ra t io n s  were homogenized in  0 .0 5  M T r i s -  

HC1 c o n ta in in g  0 .10  M KCl, 0 .005 M MgCl2, and 1 # sodium dodecy l s u l f a t e ,  

pH 7*5. H e re a fte r  t h i s  b u ffe re d  s o lu t io n  w i l l  be r e f e r r e d  t o  a s  TKMS 

b u f f e r .  To th e  homogenate was added .an  e q u a l volume o f 90 $  phenol
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5

c o n ta in in g  0 .10  M 8-hydrG xyquinoline and th e  m ix ture  a g i ta te d  v ig o ro u s ly  

at. 60°C f o r  1 h o u r. The aqueous phase was sep a ra te d  by c e n tr i fu g a t io n  

(12 ,000  g; 10 m inu tes) th e n  r e - e x t r a c te d  once w ith  a  ha lf-vo lum e o f th e

phenol solution at 60°C for 30 minutes. The nucleic acids were
p r e c ip i ta te d  from  th e  aqueous phase by a d d it io n  o f 3 volumes o f e th a n o l

c o n ta in in g  0 .10  M NaCl a t  0°C. The a lc o h o l p r e c ip i ta te  was th e n

d is so lv e d  in  0 .05  M Tris-H C l c o n ta in in g  0 .10  M KC1 and 0.001 M EDTA, pH

7 .5  ( t h i s  b u ffe re d  s o lu t io n  w i l l  be d e s ig n a te d  h e r e a f te r  as  TKE b u f f e r ) ,

and shaken w ith  an eq u a l volume o f th e  phenol s o lu t io n  a t  0°C f o r  10

m in u tes . The n u c le ic  a c id s  were p r e c ip i ta te d  from th e  aqueous phase as

p re v io u s ly  d e sc r ib e d , d is so lv e d  in  0 .05  M T ris-H C l, pH 7.5» and t r e a te d  
2

w ith  pronase (250 jug/ml) a t  37°C f o r  4-5 m in u tes . The n u c le ic  a c id s  were

c o l le c te d  by e th a n o l p r e c ip i ta t io n  and c e n tr i f u g a t io n ,  d is so lv e d  in  0.05

M sodium p hosphate , pH 6.7* and passed  th rough  a  column o f G-25 Sephadex

(1 .5  x  75 cm) e q u i l ib r ia ts d  w ith  th e  same b u f f e r .  This s te p  removes

r e s id u a l  phenol and s e p a ra te s  th e  n u c le ic  a c id s  from th e  la rg e  amount of

d iguanosine  te tra p h o sp h a te  p re se n t in  th e se  embryos (Finam ore and W arner,

1963). The n u c le ic  a c id  f r a c t io n  was th e n  s to re d  a t  -1 5 °C u n t i l  needed.

Separation of RNA Fractions by Methylated Albumin on Kieselguhr 
Column Chromatography

Columns o f  m ethy la ted  album in absorbed  on k ie se lg u h r  (MAK) were

p rep ared  e s s e n t i a l l y  acco rd in g  t o  M andell and Hershey ( i 960, and see

Appendix B). The S ep h ad ex -trea ted  p re p a ra t io n  was a d ju s te d  t o  0 .2  M NaCl

in  0 .05  M sodium p hosphate , pH 6.7* and approx im ate ly  50 O.D. u n i t s

(260 mp) were a p p lie d  t o  th e  column. A fte r  washing w ith  th e  s t a r t i n g

2
A m ix tu re  o f p ro te a se s  f r e e  o f n u c lea se  a c t i v i t y .
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b u f f e r ,  th e  column was developed w ith  a  l i n e a r  g ra d ie n t o f NaCl in  th e  

phosphate b u f f e r  (se e  Appendix C). E lu tio n  o f th e  n u c le ic  a c id s  was 

fo llo w ed  s p e c tro p h o to m e tr ic a lly  a t  Z60 and 280 np.. When r a d io a c t iv i ty  

d e te rm in a tio n s  were t o  be made, 0.5  ml was ta k en  from each  column 

f r a c t i o n ,  added t o  15 ml o f s c i n t i l l a t i o n  f l u i d  (see  Appendix D ), and 

an aly zed  in  a  N uclear-C hicago s c i n t i l l a t i o n  system  (Model 685O). 

P re p a ra tio n  and F ra c tio n a tio n  o f A c id -so lu b le  F ra c tio n

In  a d d it io n  t o  th e  a n a ly s is  o f n u c le ic  a c id s  d u rin g  p o s t-h a tc h  

developm ent of A rtem ia, n a u p l i i  from  s im ila r  developm ental s ta g e s  were 

homogenized in  ic e - c o ld  N HCIO^ and th e  a c id - so lu b le  m a te r ia l  c o l le c te d  

by  c e n tr i fu g a t io n  a t  12,000 g f o r  10 m in u tes . The a c id - s o lu b le  f r a c t io n  

was n e u tr a l iz e d  w ith  Alamine (Warner and Finam ore, 19&7), th e n  s to re d  

a t  -15°C u n t i l  needed. S i a d d i t io n ,  th e  a c id - in s o lu b le  f r a c t io n  was 

n e u tr a l iz e d  w ith  M CH3COONH* and s to re d  f o r  a n a ly s is  of n u c le ic  a c id  

p u rin e s  as  d e sc r ib e d  below .

I s o la t io n  and S ep ara tio n  o f N ucleic  Acid P u rin es

To ach ieve  i s o la t io n  o f t o t a l  n u c le ic  a c id  p u r in e s , th e  a c id -  

in s o lu b le  p r e c ip i ta te  rem ain ing  from each  developm ental s ta g e  analyzed  

f o r  f r e e  n u c le o tid e s  was d e l ip id a te d  w ith  e th a n o l-e th e r  (3*1) a t  45 °C 

th e n  e x tra c te d  w ith  h o t (90°C) 2 M NaCl acco rd in g  t o  Tyner e t .  a l . , 

(1953)• The n u c le ic  a c id s  were reco v ered  by e th a n o l p r e c ip i ta t io n  of 

th e  so lu b le  f r a c t io n  and th e  RNA n u c le o tid e s  o b ta in ed  by h y d ro ly s is  in  

0 .2  M NaOH a t  37°C f o r  12 h o u rs . The DNA was reco v ered  from th e  

a lk a l in e  h y d ro ly za te s  as  th e  a c id - in s o lu b le  p r e c ip i t a t e .  The RNA and 

DNA f r a c t io n s  were a d ju s te d  to  2 N w ith  r e s p e c t  t o  HC1 and h e a te d  a t  

100°C f o r  1 h o u r. A fte r  c o o lin g , th e  f r a c t io n s  were a p p lie d  t o  se p a ra te
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Dowex 50-H+ columns (1 x 10 cm) and th e  p u rin e  b ases  and py rim id ine  

n u c le o tid e s  sep a ra te d  from  each o th e r  by e lu t io n  w ith -2 N HC1 (Cohn, 

1955)* The amount o f each  pu rin e  f r a c t io n  was determ ined  u s in g  th e  

p ro p er e x t in c t io n  c o e f f ic ie n ts  (S ober, 1968) and a l l  v a lu e s  a re  

ex p ressed  f o r  100,000 n a u p l i i .
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RESULTS

Extraction of Nucleic Acids by the Three-Step Phenol Procedure
From s e v e ra l  p rev io u s  r e p o r ts  i t  has become ap p aren t t h a t  RNA 

e x tr a c t io n s  from  embryonic t i s s u e s  u s in g  phenol i s  h ig h ly  v a r ia b le  and 

o f te n  depends upon te m p e ra tu re , pH, and th e  amount o f phenol employed 

(W ilt ,  1964; C herry and Chroboczek, 1966; Clegg and Golub, 1969). 

A lthough Cherry and Chroboczek (1966) s t a t e  t h a t  h o t phenol causes 

‘̂w idespread  deg rad a tio n "  in  peanut c o ty le d o n s , Landesman and Gross 

(1969) used  h o t phenol t o  "m inim ize ag g re g a tio n  and d eg rad a tio n "  by 

r ib o n u c le a se  w hile  e n su rin g  h igh  e x tr a c t io n  o f n u c le a r  RNA from  X. 

l a e v i s  o v a rian  t i s s u e .  Clegg and Golub ( 1969) have used  phenol a t  0°C 

b u t were n o t concerned w ith  q u a n t i ta t iv e  e x tr a c t io n  o f RNA.

When 48 hour Artem ia n a u p l i i  were e x tra c te d  w ith  th e  phenol 

procedure d e sc r ib e d  above a t  5» 37* and 60°C th e  d a ta  shown in  Table 1 

were o b ta in ed . A lthough e x tr a c t io n  a t  37 °C y ie ld e d  th e  most RNA, th e  

RNA was h ig h ly  degraded  a s  ev idenced  by  chrom atography on MAK columns. 

This i s  shown in  F igure  1. Comparison of th e  RNA p r o f i l e  o f 5 and 66°C 

(T able 1) shows l i t t l e  d i f f e r e n c e ,  b u t  60°C p ro v id es  10 $ more RNA and 

g re a te r  amounts o f th e  * heavy ' RNA. (hRNA) and was th e re fo re  u sed  in  

subsequent e x t r a c t io n s  a t  v a r io u s  developm ental s ta g e s .

Separation of Nucleic Acids by MAK Column Chromatography
Employment of MAK column chromatography for fractionation of 

nucleic acids has been used extensively. Several laboratories have 
demonstrated that at least five distinct species of nucleic acid may be 
separated using this fractionating system (Sueoka and Cheng, 1962; 

Ishihama et. al.. 1962; Ewing and Cherry, 1967). Preliminary to
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TABLE 1

E x tra c tio n  o f N ucleic  Acids from Artem ia N au p lii a t  
D if f e re n t  Tem peratures

N ucleic  a c id  p re p a ra t io n  and MAK chrom atography 
were preform ed as  d e sc r ib e d  under E xperim enta l 
P rocedure . The e x tr a c t io n  tem p era tu res  employed a re  
in d ic a te d .  N au p lii 2 days a f t e r  th e  o n se t of 
developm ent (48 hour n a u p l i i )  were u sed  f o r  th e se  
d e te rm in a tio n s
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E x trac te d  w ith  Phenol a t  5* 37* and 60°C»
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FIGURE 1

F ra c tio n a tio n  on MAK Columns of Artem ia N ucleic  
Acids E x tra c te d  w ith  Phenol a t  5» 37» and 60°C

N ucleic  a c id  e x tr a c t io n  and MAK chrom atography were 
preform ed a s  d e sc r ib e d  under E xperim ental P rocedure . 
The e x tr a c t io n  tem p e ra tu res  employed a re  in d ic a te d .  
N au p lii (48 hour) were used  f o r  a l l  d e te rm in a tio n s . 
N ucleic  a c id  sam ples o f 50 O.D. (260 mp) were p laced  
oh each  MAK column and 4-ral f r a c t io n s  were c o l le c te d  
a t  a  r a t e  o f 2 .2  m l/m in.
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TABLE 1

Extraction of Nucleic Acids from Artemia Nauplii at Different Temperatures.

TEMPERATURE % OF TOTAL NUCLEIC ACID EXTRACTED TOTAL NUCLEIC ACID 
EXTRACTED

(°c) tRNA DNA rRNAx ' rRNAg hRNA 0 .D. {260m>u)/gm Nauplii

5 12 14 29 37 . 8 29.9
3? NRa NR NR NR NR 38.2
60 13 12 26 38 11 33.3

a NR refers to no MAK chromatographic resolution.

o



a n a ly s is  o f t o t a l  n u c le ic  a c id s  from Artem ia embryos, i t  was d ec id ed  to  

s ta n d a rd iz e  th e  MAK columns and e lu t io n  system  u s in g  in d iv id u a l  sp e c ie s
3

of p u r i f ie d  n u c le ic  a c id s  . When p u r i f ie d  tRNA, DNA, and rRNA from

A rtem ia c y s ts  a re  chrom atographed s e p a ra te ly  on MAK colum ns, i t  i s  found

t h a t  th e  rRNA p re p a ra t io n  i s  re s o lv a b le  on MAK columns in to  th r e e  m ajor

f r a c t io n s .  In  t h i s  th e s i s  th e se  f r a c t io n s  have been d e s ig n a te d , in

o rd e r o f e lu t io n ,  a s  rRNAi, rRNA2, and hRNA, and th e y  e lu te  a t  0 .8 6 ,

0 ,9 2 , and 1 .0  M N a d , r e s p e c t iv e ly .  In  a d d i t io n ,  tRNA e lu te s  a t  O.58  M

and DNA a t  0 .77  M N a d . A lthough s e p a ra tio n  o f th e  ribosom al RNA* s i s

n o t always o p tim a l, th e  N a d  c o n c e n tra tio n  needed t o  e lu te  th e

in d iv id u a l  n u c le ic  a c id  f r a c t io n s  i s  h ig h ly  re p ro d u c ib le .

E s tim a tio n  o f V arious N ucleic  Acid E nactions from A rtem ia Embryos a t  
D if fe re n t  S tages o f Development

Using th e  phenol procedure a t  60°C, th e  n u c le ic  a c id s  a t  s e v e ra l  

s ta g e s  o f A rtem ia developm ent were p rep ared  and f r a c t io n a te d  on MAK 

columns a s  o u tl in e d  (se e  Appendices B and C ). The r e s u l t s  o f t h i s

experim ent appear in  Table 2 , From th e se  d a ta ,  i t  i s  e v id e n t t h a t  only

s l i g h t  f lu c tu a t io n s  occur in  a l l  n u c le ic  a c id  f r a c t io n s  from  th e  o n se t 

o f emergence o f p re -n a u p lia r  la rv a e  th ro u g h  108 hours o f developm ent. 

Inc luded  w ith  th e se  d a ta  i s  th e  a n a ly s is  o f RNA i s o la te d  from c y s t  

ribosom es. I t  i s  ap p a ren t t h a t  th e  hRNA f r a c t io n  c o n s t i tu te s  a 

s ig n i f ic a n t  p o r tio n  o f th e  ribosom al p re p a ra t io n . The im portance o f t h i s  

RNA m oiety in  Artem ia developm ent i s  o f c o n s id e ra b le  i n t e r e s t  and 

rem ains t o  be e lu c id a te d .

3
tRNA is o la te d  by  th e  th r e e - s te p  phenol p rocedure  was su p p lie d  

by A.H. W arner. DNA was i s o la te d  from Artem ia c y s ts  a cco rd in g  t o  A.H. 
Warner (u n p u b lished  p ro c e d u re ) . rRNA was i s o la te d  by  th e  method of 
K e lle r  and Zamecnek (1956).
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TABLE 2

D is tr ib u t io n  o f N ucleic  Acids in  Artem ia Embryos

N ucleic  a c id  p re p a ra t io n  and MAK chrom atography 
were preform ed as  d e sc rib e d  under E xperim enta l 
P rocedure . The ribosome p re p a ra tio n  was p repared  
acco rd in g  to  K e lle r  and Zamecnek (1956).
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T A B L E  2

D i s t r i b u t i o n  o f  N u c l e i c  A c id s  i n  A r t e m i a . E m b ry o s .

TISSUE % OP TOTAL NUCLEIC ACID EXTRACTED

PREPARATION tRNA DNA rRNAa hRNA

1 2  H our
P r e n a u p l i u s  L a r v a e

17 7 61 15

26 H o u r 
N a u p l i i

14 6 59 21

36 H o u r 
N a u p l i i

14 5 63 15

60  H our 
N a u p l i  i

15 7 63 15

84  H our 
N a u p l i i

14 7 62 17

108  H o u r 
N a u p l i i

16 9 56 19

R ib o so m e  
D e s s i c a t e d  C y s t

6 - 54 40

T h i s  f r a c t i o n  r e p r e s e n t s  t o t a l  rRNA (rRNA^ + rRNA2 ) .
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3 2  3
In c o rp o ra tio n  o f P i and Adenosine-H in to  N ucleic Acids

At v a r io u s  tim es a f t e r  th e  o n se t o f em ergence, Artem ia la rv a e
32  3

were given a  m ix tu re  o f P i and adenosine-H  f o r  6 hours and th e n  th e

n u c le ic  a c id s  analyzed  f o r  iso to p e  in c o rp o ra t io n . The d a ta  ap p ea rin g

in  F igure  2 and Table 3 were o b ta in e d . I t  i s  seen  t h a t  maximum s p e c if ic

a c t i v i t i e s  a re  a t ta in e d  d u rin g  th e  30 -  3& hour in c u b a tio n  p e rio d  f o r

a l l  f r a c t io n s  and w ith  b o th  n u c le ic  a c id  p re c u rso rs . In  a d d i t io n ,  th e
! 32s p e c if ic  a c t i v i t y  o f DNA i s  about double t h a t  of th e  RNA s when P i i s

3
u sed , w hereas i t  i s  on ly  h a l f  t h a t  of th e  RNA when adenosine-H  

in c o rp o ra tio n  i s  d e term ined . Of th e  fo u r  RNA sp ec ie s  f r a c t io n a te d  on
3 2

MAK colum ns, tRNA and hRNA show th e  g r e a te s t  in c o rp o ra tio n  when P i i s
3

used  and hRNA i s  h ig h e s t  when adenosine-H  in c o rp o ra tio n  i s  an a ly zed .
3 2  3

Beyond 36 hours developm ent th e  r a t e  o f P i and adenosine-H

in c o rp o ra tio n  in to  th e  n u c le ic  a c id s  d e c lin e s  m arkedly.
32

In c o rp o ra tio n  o f P i in to  A c id -so lu b le  N ucleo tides

In  o rd e r t o  more f u l l y  u n d ers tan d  n u c le ic  a c id  m etabolism  in  

A rtem ia. m etabolism  of th e  f r e e  n u c le o tid e  pool was in v e s t ig a te d  u s in g
3 2  3 2 .

P i • When n a u p l i i  were g iven P i (10 pC/m l) f o r  6 h o u rs , e x te n s iv e

in c o rp o ra tio n  in to  th e  a c id - s o lu b le  n u c le ic  a c id  p re c u rso rs  occurs a t

a l l  s ta g e s  ex cep t 20 -  26 h o u rs . These d a ta  a re  shown in  Table
3 2

Whereas in c o rp o ra tio n  of P i in to  n u c le ic  a c id  d ec rea se s  s e v e ra l  f o ld  

between th e  36  and 60 hour s ta g e s ,  in c o rp o ra tio n  of t h i s  iso to p e  in to  

th e  n u c le ic  a c id  p re c u rso rs  in c re a s e s  a t  l e a s t  2- f o ld  d u rin g  t h i s  same 

p e rio d  o f developm ent. A lso, th e  c< -phosphates o f GTP and ATP account 

f o r  approx im ate ly  70 t o  85 1° o f a l l  r a d io a c t iv i ty  in  th e se  n u c le ic  a c id  

p re c u rso rs .
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FIGURE 2

F ra c tio n a tio n  on MAK Columns o f Artemia N ucleic 
A cids In cu b a ted  JO -  J6 Hours w ith  P i32

In c u b a tio n , iso to p e  in c o rp o ra t io n , n u c le ic  a c id  
e x t r a c t io n ,  and MAK chrom atography were preform ed 
as  d e sc r ib e d  under E xperim ental P rocedure , 
In c o rp o ra tio n  was determ ined  by co u n tin g  a l iq u a n ts  
o f each column f r a c t io n .  No quench c o r re c t io n s  
were made a s  th e  degree o f quenching changed l i t t l e  
th ro u g h o u t th e  e lu t io n .  N ucleic  a c id  sam ples o f JO 
O.D. (260 1191) were p laced  on each  MAK column and 

ml f r a c t io n s  were c o l le c te d  a t  a  r a t e  o f 2 ,2  m l/ 
m in. M r e f e r s  to  NaCl c o n c e n tra tio n  in  M oles,
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TABLE 3

3 2 3
In c o rp o ra tio n  o f P i and Adenosine-H in to  N ucleic  
Acids o f Artem ia a t  S ev e ra l S tages o f Development

In cu b a tio n  and iso to p e  in c o rp o ra tio n  te ch n iq u es  as 
w e ll a s  n u c le ic  a c id  e x tr a c t io n  and MAK chrom atography 
were preform ed a s  d e sc rib e d  under E xperim enta l 
P rocedure . The s p e c i f ic  a c t i v i t i e s  were determ ined  by 
co u n tin g  a l iq u a n ts  o f each column f r a c t io n  and th e  
v a lu es  f o r  each UV ab so rb ing  peak av eraged . No quench 
c o r re c t io n s  were made, as th e  degree o f quenching 
changed l i t t l e  th roughou t th e  e lu t io n .  Each v a lue  
re p re s e n ts  a t  l e a s t  two d e te rm in a tio n s .
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T A B L E  3

I n c o r p o r a t i o n  o f  a n d  A d e n o s in e  -  H-  ̂ I n t o  N u c l e i c  A c id s  o f  A r te m ia  a t
S e v e r a l  S t a g e s  o f  D e v e lo p m e n t

S p e c i f i c  A c t i v i t y  cp m /O .D . (260mju)

PERIOD
INCUBATION

(H o u rs )
ISOTOPE tRNA DNA rRNAx rRNA2 hRNA

20  -  26 1947 2084 1120 1148 1302
30 -  36 „  1 5 8 5 6  . 2 5 4 5 2 9698 1 1 9 3 5 15401
5 4 - 6 0 P i’-5 2 0 4 2 2258 1678 1362 1699
76  -  84 1066 1027 80 3 9 3 8 1 1 5 3

1 02  -1 0 8 34 8 291 237 2 0 4 278

2 0 - 2 6 82 116 • 147 154 182
3 0 - 3 6 -  1 1 7 2 619 8 50 1 1 3 ^ 1629
54  -  60 A d e n o s in e - H ^  53 112 357 171 161
76  -  84 41 19 54 101 33

102  -1 0 8 2 4 13 22 9



TABLE if

11 P u lse -L a b e llin g "  o f th e  A cid-Soluble N u c leo tid es  
in  A rtem ia w ith  P i32 a t  V arious D evelopm ental S tages

The a c id - so lu b le  f r a c t io n  was p rep a red  and 
chrom atographed on columns o f DEAE-cellulose as  
d e sc r ib e d  under E xperim ental P rocedure . A liq u an ts  
from each column f r a c t io n  were counted  and th e  
average s p e c if ic  a c t i v i t i e s  under each  UV-absorbing 
peak d e term ined . No quench c o r re c t io n s  were made as  
th e  degree o f quenching changed l i t t l e  th roughou t 
th e  e lu t io n .
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T A B L E  ^

32;
" P u l s e - L a b e l l i n g "  o f  t h e  A c i d - S o l u b l e  N u c l e o t i d e s  i n  A r t e m ia  w i t h  P i a t

V a r i o u s  D e v e lo p m e n ta l  S t a g e s

S p e c i f i c  A c t i v i t y  c p m /O .D .(2 6 0 m p )

DEVELOPMENTAL 
STAGE 

( H o u r s )
AMPa GMP ADP ATPb GTP GP^G

20 -  26 2 5 ,6 1 8 1 2 ,6 0 2 2 5 ,9 6 9 3 0 ,6 8 8 4 9 ,1 2 2 8 3 9

<r\Io

2 6 2 ,9 8 8 8 4 ,8 1 8 2 5 3 ,8 4 7 2 2 1 ,2 4 3 3 2 ,3 8 4 1 3 ,1 7 4

54  -  60 6 2 3 ,2 0 3 2 7 1 ,4 7 3 4 9 7 ,8 6 1 5 6 3 ,2 7 2 1 8 8 ,4 1 2 1 4 ,4 6 8

78 -  84 1 9 0 ,3 9 6 1 8 7 ,5 0 3 2 1 7 ,3 3 3 2 7 8 ,8 1 6 1 1 1 ,2 6 7 1 4 ,8 8 4

a  I n c l u d e s  s m a l l  q u a n t i t i e s  o f  UMP a n d  U D P-x. 

b  I n c l u d e s  5 -  10 % GDP.



17.

Quantitative Changes in Nucleic Acid Purines in Artemia Nauplii

The s p e c i f ic  a c t i v i t y  d a ta  in  T ables 3 an(i  ^  in d ic a te  t h a t  most 

o f th e  n u c le ic  a c id  s y n th e s is  i s  te rm in a te d  by 60 hours developm ent. 

When th e  p u rin e  c o n ten t o f b o th  RNA and DNA was determ ined  a t  s im ila r  

s ta g e s  o f developm ent, i t  became ap p a ren t t h a t  RNA s y n th e s is  i s  

com pleted by 36 h o u rs , w hereas DNA s y n th e s is  i s  com pleted by 60 h o u rs . 

These d a ta  a re  shown in  Table 5» I t  i s  no tew orthy  th a t  th e  RNA c o n te n t 

d e c rea se s  m arkedly between 60 and £& h o u rs , whereas th e  DNA c o n te n t p e r 

embryo rem ains c o n s ta n t .
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TABLE 5

Changes in  P urine  C ontent o f A rtem ia N ucleic  
Acids d u rin g  Development

The a c id - in s o lu b le  f r a c t io n s  were p rep a red  f o r  
chrom atography on Dowex--50-H+ as  d e sc r ib e d  under 
E xperim enta l P rocedure . Micromoles were c a lc u la te d  
from  th e  o p t ic a l  d e n s ity  a t  260 mp and th e  
a p p ro p r ia te  e x t in c t io n  c o e f f ic ie n t s .
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' TABLE 5

C h a n g e s  i n  P u r i n e  C o n te n t  o f  A r te m ia  N u c l e i c  A c id s  d u r i n g  D e v e lo p m e n t .

HOURS
OP

DEVELOPMENT

R N A
j im o le s /1 0 0 ,0 0 0  N a u p l i i

D N A
p n o l e s / 1 0 0 , 000  N a u p l i i

ADENINE GUANINE TOTAL ADENINE •GUANINE TOTAL

26 2 .1 1 2 .7 9 4 .9 0 0 .8 5 0 .6 5 1 .5 0

36 2 .5 9 3 .1 7 5 -7 6 1 .3 1 0 .8 8 2 .1 9

60 2 .6 0 3 .0 8 5 • 68 1 .6 9 1 .0 7 2 .7 6

84 1.04- 1 . 6 9 • 2 .7 3 1 .6 9 1 .0 9 2 .7 8

■o
CD-5
3<f) (/) 
o'
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DISCUSSION

B efore a  s tu d y  o f n u c le ic  a c id  m etabolism  in  d evelop ing  b r in e  

shrim p cou ld  be u n dertaken  i t  was n e ce ssa ry  t o  e s t a b l i s h  a  r e l i a b l e  

e x t r a c t io n  and p u r i f i c a t io n  procedure which would y ie ld  undegraded 

n u c le ic  a c id s  in  amounts p ro p o r tio n a l t o  t h e i r  in  v iv o  c o n c e n tra tio n s . 

A fte r  s e v e ra l  s tu d ie s  em ploying e x tr a c t io n  w ith  co ld  b u ffe re d  s a l in e  

s o lu t io n s ,  a  h o t phenol e x t r a c t io n  procedure was t e s t e d  and 

su b seq u en tly  u sed  because i t  p rov ided  su p e r io r  p r o f i l e s  on MAK colum ns.

When th e  n u c le ic  a c id s  o f A rtem ia embryos and n a u p l i i  a re  

e x tra c te d  w ith  h o t (60°C) p heno l, chrom atography on MAK columns re s o lv e s  

th e  e x t r a c t  in to  a t  l e a s t  f iv e  d i s t i n c t  s p e c ie s .  Theit ' e lu t io n  

c h a r a c te r i s t i c s  co rrespond  s a t i s f a c t o r i l y  to  chromatograms o f p u r i f ie d  

Artem ia n u c le ic  a c id s  and a re  s im ila r  t o  th e  n u c le ic  a c id s  i s o la te d  

from peanut co ty led o n s by Ewing and Cherry ( 1967) .  E x tra c t io n  w ith  

phenol a t  low er tem p e ra tu res  (0  and 37°C) e i t h e r  low ers th e  y ie ld  or 

pe rm its  e x te n s iv e  d e g ra d a tio n  t o  o ccu r. In  a d d i t io n ,  r e s o lu t io n  o f th e  

hRNA f r a c t io n  i s  always b e s t  when th e  e x tr a c t io n  i s  c a r r ie d  ou t a t  60°C. 

This i s  ap p aren t in  F igure  1. According t o  s e v e ra l  in v e s t ig a to r s  

(M andell and H ershey, I960; Sueoka and Cheng, 1962), f r a c t io n a t io n  o f 

n u c le ic  a c id s  on MAK columns i s  dependent on m o lecu lar s i z e ,  hydrogen 

bonding , and g u an in e-cy to s in e  com position . In  t h i s  r e s p e c t ,  A rtem ia 

n u c le ic  a c id s  le n d  them selves t o  f u r th e r  s tudy  u s in g  MAK chrom atographic 

te c h n iq u e s .

When th e  chrom atographic p r o f i l e  shown in  F igure  2 i s  exam ined,

i t  i s  c le a r  t h a t  th e  tRNA f r a c t io n  i s  bim odal w ith  r e s p e c t  t o  b o th  UV- 
32

a b so rp tio n  and P i in c o rp o ra tio n . Whether t h i s  p a t te rn  i s  due t o
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f r a c t io n a t io n  o f tRNA (Sueoka and Yamane, 1962) o r t o  th e  p resence  o f a  

5S rib o so m al-ty p e  RNA sp e c ie s  (P e r ry , 1962) has y e t  t o  be a s c e r ta in e d .

A nalysis  o f th e  RNA e x tra c te d  from b o th  ribosom al and n u c le a r  

p re p a ra t io n s  in d ic a te s  t h a t  th e  hRNA f r a c t io n  i s  an im p o rtan t component 

o f th e  ribosom al f r a c t io n  and n o t o f th e  n u c le a r  f r a c t i o n .  That t h i s  

f r a c t io n  c o n tr ib u te s  h e a v ily  t o  th e  t o t a l  rRNA f r a c t io n  may in d ic a te  

t h i s  f r a c t io n  t o  be a  ribosom al p re c u rso r  sp e c ie s  a s  proposed by P erry  

(1964, 1965), G ira rd  (1965)» and G a ll ( 1966) .  However, p re c u rso rs  of 

rRNA a re  u s u a l ly  found in  th e  n u c le a r  f r a c t io n  and n o t a s s o c ia te d  w ith  

ribosom es. In  peanut c o ty le d o n s , Ewing and Cherry ( 1967) d e s ig n a te  th e  

f r a c t io n  e lu t in g  a f t e r  rRNA2 a s  m essenger RNA (mRNA) and have 

dem onstrated  i t s  tem p la te  a c t i v i t y  in  an j n  v i t r o  amino a c id  

in c o rp o ra tin g  system .(Jachym czyk and C herry , 1968). A ggregation o f 

rRNA has been re p o r te d  t o  produce a r t i f a c t s  on MAK columns b u t th e  h igh  

s p e c i f ic  a c t i v i t y  o f th e  hRNA f r a c t io n  in  Artemia in  r e l a t i o n  t o  th e  

rRNA f r a c t io n s  does n o t su p p o rt t h i s  c o n te n tio n . The e x ac t fu n c tio n  of 

hRNA in  Artem ia rem ains t o  be e lu c id a te d .

Finaraore and Clegg ( 1969) in  a  r e c e n t  r e p o r t  in d ic a te d  th a t  

n u c le ic  a c id  sy n th e s is  in  A rtem ia, and in  p a r t i c u la r  DNA s y n th e s is ,  

occurs in  a  n ovel fa s h io n . In  th e se  ex p erim en ts , however, th e  

r a d io la b e l le d  p re c u rso rs  o f n u c le ic  a c id s  were in tro d u ce d  f o r  4  hours 

s h o r t ly  a f t e r  h a tc h in g , th en  chased f o r  a s  long  as  44 a d d i t io n a l  hours 

w ith  u n la b e lle d  p re c u rso r s . As a  seq u e l t o  t h e i r  work we d ec id ed  t o  

1 p u lse -lab e l* 1 Artemia n a u p l i i  in  an a ttem p t t o  a s c e r ta in  th e  tim e  a t  which 

RNA and DNA sy n th eses  were tu rn e d  on and o f f .  The d a ta  in  t h i s  th e s i s  

show t h a t  a lth o u g h  l i t t l e  sy n th e s is  i s  ap p aren t im m ediately  a f t e r
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h a tch in g  (20 -  26 hour p e r io d ) ,  th e  r e s u l t s  a re  m is lead in g  and m erely  

r e f l e c t  th e  n u c le o tid e  poo l s p e c i f ic  a c t i v i t y  in  A rtem ia (se e  T ab les 2 

and 3)» The n u c le o tid e  pool i s  v e ry  la rg e  in  newly hatched  A rtem ia 

embryos (Warner and Finam ore, 1967) and may re g u la te  o r c o n tro l  e n try  

o f exogenously added p re c u rso rs . Whether th e  n u c le o tid e  poo l i s  r a t e  

l im i t in g  o r a  p e rm e a b ility  b a r r i e r  s t i l l  e x i s t s  rem ains t o  be s tu d ie d . 

During th e  30 -  36 hour p e rio d  of developm ent, a  1 0 -fo ld  in c re a s e  in  

s p e c i f ic  a c t i v i t y  o f th e  n u c le ic  a c id s  occurs concom itant w ith  an 8 - fo ld  

in c re a se  in  th e  s p e c i f ic  a c t i v i t y  o f th e  n u c le o tid e  f r a c t i o n .  This i s  a  

d i r e c t  in d ic a t io n  of n u c le ic  a c id  s y n th e s is  th ro u g h o u t t h i s  p e r io d  of 

developm ent. Between 5 ^ - 6 0  hours developm ent th e re  i s  a  p r e c ip ito u s  

decrease  in  s p e c i f ic  a c t i v i t y  o f a l l  n u c le ic  a c id  f r a c t io n s  y e t  th e  

n u c le o tid e  poo l s p e c i f ic  a c t i v i t y  in c re a s e s  a lm ost 3 - fo ld  over th e  

30 -  36 hour p e r io d . These d a ta  in d ic a te  t h a t  b o th  RNA and DNA s y n th e s is  

a re  " tu rn e d  o f f " by 5^ h o u rs . Beyond t h i s  tim e o f developm ent th e  

embryos m a in ta in  o n ly  m inim al n u c le ic  a c id  s y n th e t ic  a c t i v i t i e s  whose 

r a t e s  appear t o  be s im ila r  f o r  a l l  n u c le ic  a c id  f r a c t io n s .

I t  i s  s ig n i f ic a n t  t o  n o te  t h a t  th e  h ig h  s p e c i f ic  a c t i v i t y  of
3 2

P - la b e l le d  DNA a t  30 -  36 hours c o in c id e s  w ith  th e  resum ption  of

cell division in Artemia. This datum, however, is not corroborated by 
3

adenosine-H  in c o rp o ra tio n  d u rin g  t h i s  p e rio d  o f developm ent. T his 

o b se rv a tio n  le n d s  su p p o rt t o  th e  p o s tu la t io n  of Finamore and Clegg 

(1969) t h a t  th e  source o f DNA adenine in  A rtem ia i s  p r im a r i ly  from 

d iguanosine  te tra p h o sp h a te  and th a t  RNA adenine comes from  a se p a ra te  

c e l l u l a r  p o o l, p robab ly  ATP.

Exam ination o f th e  count p r o f i l e  in  F igure  2 shows th a t
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c o n s id e ra b le  r a d io a c t iv i ty  e lu te s  im m ed ia te ly -in  f r o n t  o f DNA and a ls o  

con tam inates th e  DNA f r a c t io n .  According t o  Spiegleman (19&3) an<̂  

Chroboczek and Cherry (1966), DNA-like RNA (m essen g er-ty p e . RNA) e lu te s  

from MAK columns in  t h i s  p o s i t io n  b u t due t o  in s u f f i c i e n t  m a te r ia l  t h i s  

f r a c t io n  has n o t been analyzed  in  A rtem ia.

F in a l ly ,  th e  p u rin e  c o n te n t o f b o th  n u c le ic  a c id s  was determ ined  

in  an a ttem p t t o  c o rro b o ra te  th e  s p e c i f ic  a c t i v i t y  d a ta .  Exam ination of 

Table 5 in d ic a te s  t h a t  RNA sy n th e s is  i s  com plete by 36 h o u rs , w hereas 

DNA sy n th e s is  co n tin u es  u n t i l  60 h o u rs . DNA sy n th e s is  must be 

com pleted by a t  l e a s t  5^ hours when one c o n s id e rs  th e  s p e c i f ic  a c t i v i t y  

d a ta  in  Table 3« A pparently  th e  p e rio d  o f most in te n s e  n u c le ic  a c id  

sy n th e s is  i s  over by 5^ hours developm ent. These o b se rv a tio n s  a re  in  

g e n e ra l agreem ent w ith  th o se  o f B e l l in i  ( i 960) re g a rd in g  n u c le ic  a c id  

co n ten t d u rin g  developm ent o f A rtem ia. T o ta l RNA aden ine  and guanine 

le v e l s  which drop  s ig n i f i c a n t ly  a f t e r  60 hours developm ent a re  a t  

v a ria n ce  w ith  d e te rm in a tio n s  o f Clegg e t .  a l . , (1 967) and must be 

in v e s t ig a te d  f u r th e r .

D uring th e  p e rio d  o f p o s t h a tch  developm ent s tu d ie d  in  A rtem ia. 

resum ption  o f c e l l  d iv is io n  and th e  o n se t o f m orphogenesis appear t o  be 

c lo s e ly  l in k e d  t o  enhanced RNA and DNA m etabolism . I t  i s  hoped th a t  

t h i s  th e s i s  p ro v id es  a d d i t io n a l  in fo rm a tio n  on th e  b io ch em ica l a sp e c t 

o f m orphogenesis a s  r e l a t e d  t o  developm ent in  Artemia s a l i n a .
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SUMMARY

A nalysis  o f th e  n u c le ic  a c id  f r a c t io n  d u rin g  e a r ly  developm ent of 

th e  b r in e  shrim p, Artem ia s a ld n a ,u s in g  a  3 - s te p  h o t (60°C) phenol 

e x tr a c t io n  and m eth y la ted  album in on k ie se lg u h r  column chrom atography 

(MAK) re s o lv e s  th e  f r a c t io n  in to  a t  l e a s t  f iv e  d i s t i n c t  s p e c ie s : tRNA, 

DNA, rRNA*, rRNA2, hRNA. E x tra c tio n  w ith  phenol a t  low er te m p e ra tu res  

(0 and 37°C) e i t h e r  low ers th e  y ie ld  o r p e rm its  e x ten s iv e  d e g ra d a tio n  

t o  occu r.

The l a s t  f r a c t io n  t o  e lu te  from  th e  MAK column (hRNA) ap p ears  t o  

be an im p o rtan t component of th e  ribosom al f r a c t io n  and n o t o f th e  

n u c le a r  f r a c t i o n .  This f r a c t i o n ,  b ased  on e lu t io n  d a ta  o n ly , may be 

s im i la r  t o  m essenger RNA sp e c ie s  observed in  o th e r  developm ental system s.
3 2  3

In c o rp o ra tio n  of P i and adenosine-H  in to  n u c le ic  a c id s  and
3 2

P i in to  f r e e  n u c le o tid e s  dem onstrates  t h a t  maximum RNA s y n th e t ic  

a c t i v i t i e s  a re  com pleted by 36 hours developm ent, w hereas DNA sy n th e s is  

co n tin u es  f o r  an a d d i t io n a l  18-20 h o u rs .

Evidence i s  a ls o  p re sen te d  which in d ic a te s  t h a t  RNA and DNA 

s y n th e t ic  mechanisms u t i l i z e  d i f f e r e n t  n u c le o tid e  p o o ls .
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APPENDIX A

The a r t i f i c i a l  sea  w a ter used  co n ta in ed  th e  fo llo w in g  s a l t s  

(m ic ro m o le s / l i te r ) :  N a d , 422; K d ,  9 .4 ;  MgS04, 2 5 .4 ; M gd2, 2 2 .7 ; 

C a d 2, 1 .4 ;  NaHC03, 0.5* Sea w ater o f t h i s  com position c lo s e ly  

resem bles t h a t  of th e  G reat S a l t  Lakes re g io n  (H utchinson, 1957)*
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APPENDIX B

M ethylated  album in on k ie se lg u h r  (MAK) columns were p rep ared  

e s s e n t i a l l y  acco rd in g  to  M andell and Hershey ( i 960) .  The k ie se lg u h r  

u sed  was o f th e  grade a v a i la b le  a s  " C e l i t e ” (Johns-M anville  P roducts 

C orp.) and "F ra c tio n  v" bovine serum album in powder a s  th e  source  of 

album in ( N u tr i t io n a l  B iochem icals C o rp .) . The e s t e r f i e d  album in and 

th e  washed, p ro te in  co a ted  k ie se lg u h r  (used  f o r  th e  second la y e r  in  

th e  column) were p rep ared  e x a c tly  as re p o r te d  by M andell and Hershey 

(I960).

The column used  (3#5 x  10 cm) f o r  a n a ly s is  o f n u c le ic  a c id s  

co n ta in ed  f iv e  la y e r s  and was p rep ared  as  fo llo w s . Suspensions o f 

k ie se lg u h r  in  th re e  b eak e rs  (8  gm in  40 ml o f 0 .1  M NaCl; 6 p  in  40 

ml o f 0 .4  M NaCl; 1 gm in  10 ml o f  0 .4  M NaCl) were b ro u g h t t o  a  b o i l  

th e n  co o led . To th e  f i r s t  b e a k e r , 2 ml of 1 $  e s t e r f i e d  album in was 

added w ith  s t i r r i n g  and th en  15 ml a d d i t io n a l  s a l t  s o lu t io n  added.

With t h i s  suspension  th e  bottom  la y e r  o f th e  column was form ed on 1 gm 

o f c e l lu lo s e  powder, and th e  ex cess  p ro te in  wiped o f f  th e  column 

u s in g  Kleenex s a tu r a te d  w ith  0 ,10  M s a l in e .  The second la y e r  was 

formed w ith  th e  c o n te n ts  o f th e  second b eak e r t o  which had been  added 

10 ml o f p ro te in -c o a te d  k ie se lg u h r  w ith  b r i e f ,  g e n tle  s t i r r i n g .  Once 

ag a in  th e  ex cess  p ro te in  was wiped c le a n  of th e  column. F in a l ly ,  th e  

c o n te n ts  o f th e  t h i r d  b eak e r was added and o v e r la id  w ith  1 gm of 

c e l lu lo s e  powder. A ll packing  o p e ra tio n s  were preform ed under 

a tm ospheric  p re s su re . The column was washed w ith  200 ml o f 0 .2  M NaCl 

c o n ta in in g  0 .05  M sodium phosphate , pH 6 .7 .  The bed volume o f th e  

f in is h e d  column i s  about 55 m l, and th e  l i q u id  d isp lacem en t volume i s  

about 53 ml.

2 5 4 4 6 6
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APPENDIX C

The l i n e a r  g ra d ie n t system  employed f o r  MAK column e lu t io n  

c o n s is te d  o f two 1000-ml Pyrex a s p i r a to r  ju g s  connected  a c ro ss  th e  

bottom  s p ig o ts  by  a  20 cm le n g th  o f Tygon tu b in g .

A 600 ml l i n e a r  g ra d ie n t o f NaCl, 0 ,2  M t o  l . h  M, c o n ta in in g  

0 .05  M sodium phosphate , pH 6 ,7 ,  was employed under 110 cm h y d ro s ta t ic  

p re s su re . The e lu t io n  was run  a t  room tem p era tu re  and th e  flow  r a t e  

was 100 m l/h r . Under th e s e  c o n d itio n s  no d e te c ta b le  chrom atographic 

a b e r ra t io n s  were a p p a re n t. The columns cou ld  be s u c c e s s fu lly  reu sed  b u t 

in  p ra c t ic e  th e y  were d isc a rd e d  a f t e r  each ru n .
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APPENDIX D

The s c i n t i l l a t i o n  f l u i d  used f o r  co u n tin g  aqueous sam ples was 

composed o f  to lu e n e , e th y le n e  g ly c o l monomethyl e th e r ,  PPO, and POPOP 

in  th e  fo llo w in g  co m p o sitio n : 1000 m l, 700 m l, 4- g , and 50 mg, 

r e s p e c t iv e ly .
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APPENDIX E

32
The P i ( c a r r i e r - f r e e  o rthophosphate) was purchased  from  Atomic

3
Energy of Canada L td . ,  and th e  adenosine-H  (S .A . 500 mC/mmole) from 

Am ersham /searle Corp. P e n ic i l l in  was purchased  from  Squibb and Sons L td . ,  

s trep to m y cin  s u l f a te  from  N u tr i t io n a l  B iochem icals C o rp ., p ronase from 

Calbiochem, and sodium dodecyl s u l f a te  from  F ish e r  S c ie n t i f i c  C o ., L td .
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