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Lactate dehydrogenase during the larval development of  Cancer  i r rora tus :  
E f f e c t  of constant and cyclic thermal r e g i m e s  1 

A. N. Sas t ry  and  W. R. E l l i n g t 0 n  e 

Graduate School o/Oceanography, University o/ Rhode Island, Kingston (Rhode Island 02881, USA), 8 August 1977 

Summary. The  a c t i v i t y  of t h e  key  glycolyt ic  enzyme,  l a c t a t e  d e h y d r o g e n a s e  in t he  l a rva l  s tages  of Cancer irroratus 
was d i f fe ren t i a l ly  a f fec ted  b y  t he  da i ly  cyclic a n d  c o n s t a n t  t e m p e r a t u r e s .  E n z y m e  a c t i v i t y  was s ign i f ican t ly  e n h a n c e d  
in t he  f i f th  zoeal and  mega lops  s tages  cu l tu red  u n d e r  t he  cyclic regime.  

Pelagic  l a rvae  of m a r i n e  i n v e r t e b r a t e s  exper ience  d iur -  
nal ,  spa t i a l  a n d  t e m p o r a l  changes  in t e m p e r a t u r e  du r ing  
t h e i r  pelagic exis tence.  D e v e l o p m e n t  of rel iable  l a b o r a t o r y  
t e c h n i q u e s  for cu l tu re  of i n v e r t e b r a t e  l a rvae  ha s  led to  
r ecen t  s tud ies  on  the  effects  of v a r y i n g  t e m p e r a t u r e s  on 
l a r v a l  deve lopmen t ,  su rv iva l  and  me tabo l i sm.  L a r v a e  of 
t he  b r a c h y u r a n  crab,  Cancer irroratus, h a v e  been  cu l tu red  
u n d e r  b o t h  c o n s t a n t  and  cyclic t e m p e r a t u r e s .  L a r v a e  
cu l tu red  u n d e r  cyclic t h e r m a l  regimes  show h ighe r  sur-  
v i v a l  t h r o u g h o u t  l a rva l  deve l opm en t ,  a l t e red  develoP-  
m e n t a l  ra tes ,  and  e n h a n c e d  to le rance  to exposure  to  

Activities of lactate dehydrogenase determined from crude cell-free 
homogenates of Cancer irroratus larvae cultured under cyclic and con- 
stant temperatures. Activity is expressed itt vmoles NADH oxidized/ 
minmg Lowry protein. Assay temperature was 15 ~ 

State Constant 15 ~ Cyclic 10-20 ~ Cyclic/constant 

Zoea-I 71.2 58.6 0.82 
Zoea-II 46.1 24.5 0.53 
Zoea-III 38.8 56.4 1.45 
Zoea-IV 50.2 35.8 0.71 
Zoea-V 51.6 103.7 2.01 
Megalopa 95,1 119.7 1.26 
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Lactate dehydrogenase activity in C. irroratus larvae cultured 
under cyclic and constant thermal regimes I-V, zoeal stages; M, 
megalopa. 

t h e r m a l  e x t r e m e s  3. In  add i t ion ,  m e t a b o l i c - t e m p e r a t u r e  
s tud ies  ind ica te  t h a t  r e s p i r a t o r y  m e t a b o l i s m  in C. irroratus 
l a rvae  is e n h a n c e d  w h e n  cu l tu red  u n d e r  cyclic t h e r m a l  
condi t ions*,  R a t e / t e m p e r a t u r e  curves  of oxygen  con-  
s u m p t i o n  of C. irroratus l a rvae  show zones of t h e r m a l  
i n s e n s i t i v i t y  wh ich  are e x t e n d e d  in t he  upper  r ange  in 
l a rvae  cu l t u r ed  unde r  cyclic t e m p e r a t u r e  regimes*. I t  is 
clear t h a t  a v a r i e t y  of phys io logica l  processes are af fected 
b y  these  a l t e r a t i ons  in  t h e r m a l  condi t ions .  In  th i s  c o m -  
mun ica t i on ,  we r epo r t  changes  in the  a c t i v i t y  of t he  key  
glycolyt ic  enzyme,  l a c t a t e  d e h y d r o g e n a s e  (EC 1.1.1.27), 
in C. irroratus cu l tu red  u n d e r  cyclic a n d  c o n s t a n t  t em-  
pe ra tu res .  
Egg  masses  were r e m o v e d  f rom ovigerous  female C. irro- 
ratus col lected in N a r r a g a n s e t t  Bay,  R h o d e  Is land.  Newly  
h a t c h e d  zoeae were cu l tu red  a t  c o n s t a n t  15 ~ a n d  a t  a 
10-20 ~ d iu rna l  cycle as p rev ious ly  descr ibed  3. L a c t a t e  
d e h y d r o g e n a s e  a c t i v i t y  was  d e t e r m i n e d  in crude  cell-free 
h o m o g e n a t e s  p r e p a r e d  f rom pooled l a r v a  samples  f rom 
the  zoeal a n d  t he  mega lops  stages.  The  ac t iv i t i es  of l a c t a t e  
d e h y d r o g e n a s e  du r ing  t he  l a rva l  d e v e l o p m e n t  of C. 
irroratus are dep ic ted  in t he  figure. The  a c t i v i t y  p a t t e r n s  
for b o t h  e x p e r i m e n t a l  g roups  are essent ia l ly  U- shaped  
w i th  h ighes t  e n z y m e  ac t iv i t i e s  in  the  b e g i n n i n g  a n d  t he  
end  of l a rva l  d e v e l o p m e n t .  A U-shaped  p a t t e r n  in t he  
ac t iv i t i e s  of a n u m b e r  of g lycolyt ic  enzymes  was obse rved  
du r ing  the  l a r v a l  d e v e l o p m e n t  of the  f ru i t  fly, Drosophila 
pseudoobscura 5. The  a c t i v i t y  of g lu t amic  oxa loace t ic  
t r a n s a m i n a s e  in t he  crab ,  Rithropanopeus harisii, shows 
a U-shaped  p a t t e r n  d u r i n g  l a r v a l  deve lopmen t .  The  
changes  in l a c t a t e  d e h y d r o g e n a s e  a c t i v i t y  in t he  p r e s e n t  
s t u d y  p r o b a b l y  reflect  changes  in overa l l  g lycoly t ic  
a c t i v i t y  d u r i n g  C. irroratus deve lopmen t .  
T h e r m a l  cond i t ions  h a v e  an  inf luence  on  t h e  a c t i v i t y  of 
l ac t a t e  d e h y d r o g e n a s e  in C. irroratus l a rvae  (table).  E n -  
zyme  ac t iv i t i e s  in l a rvae  cu l t u r ed  u n d e r  t he  cyclic t h e r m a l  
regime are s u b s t a n t i a l l y  h ighe r  a t  t he  l a t e r  2 l a rva l  s tages.  
This  e n h a n c e d  e n z y m e  a c t i v i t y  is para l le led  b y  e l eva ted  
oxygen  c o n s u m p t i o n  in t he  las t  3 s tages  of l a rva l  deve lop-  
m e n t  in  a n i m a l s  cu l tu red  u n d e r  the  cyclic regime*. I t  is 
l ikely t h a t  t h e  e l eva t ion  of l a c t a t e  dehydrogenase  a c t i v i t y  
in  th i s  species is m e d i a t e d  b y  increased  q u a n t i t i e s  of a pre-  
ex is t ing  i soenzyme,  as zoeal l ac t a t e  dehyd rogenase  is 
e l ec t rophore t i ca l ly  m o n o m o r p h i c  on  s t a r ch  gel 7 i n d i c a t i n g  
the  absence  of a complex  i soenzymic  sys tem.  E n z y m e s  of 
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5 J .C.  Avise and J. F. McDonald, Biochem. Physiol. 53B, 393 

(1976). 
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t he  h ex o se  m o n o p h o s p h a t e  s h u n t  show q u a n t i t a t i v e  
r a t h e r  t h a n  q u a l i t a t i v e  c h a n g e s  d u r i n g  t h e r m a l  acc l ima-  
t ion  in t h e  b lue  crab,  Callinectes spaidus 8 I t  is of i n t e r e s t  
t h a t  the  musc le  a n d  h e p a t o p a n c r e a s  of t he  c rayf i sh ,  
Cambarus bartoni, r e spond  d i f fe ren t ia l ly  to t h e r m a l  accli- 
ma t i o n .  L a c t a t e  d e h y d r o g e n a s e  a c t i v i t y  increases  in 
musc l e  b u t  decreases  in the  h e p a t o p a n c r e a s  fol lowing cold 
acc l ima t ion  ~. 

The  ch an g es  in l ac t a t e  d e h y d r o g e n a s e  a c t i v i t y  in C. 
irroratus l a rvae  ind ica te  t h a t  me tabo l i c  r a t e  c o m p e n s a t i o n  
is no t  d i rec ted  a t  t he  m e a n  t e m p e r a t u r e  of  t he  cycle 
(15 ~ I f  t h i s  were the  case,  e n z y m e  ac t iv i t i es  a n d  
r e s p i r a t o r y  r a t e s  m e a s u r e d  a t  15 ~ shou ld  be v e r y  s imi la r  
in c o n s t a n t  an d  cyclic t e m p e r a t u r e  an ima l s .  Since a n i m a l s  
cu l t u r ed  und@r a cyclic t h e r m a l  r eg ime  are s u b j e c t e d  to  
b o t h  a d iu rn a l  h igh  and  low t e m p e r a t u r e ,  a d j u s t m e n t  
m a y  be cued  to ex posu re  to 1 pa r t i cu l a r  t h e r m a l  ex t r e me .  

A un i -d i r ec t iona l  e x t e n s i o n  of t he  zone of t h e r m a l  in- 
s e n s i t i v i t y  of r e sp i r a t i on  w a s  obse rved  in C. irroratus 
c u l t u r e d  u n d e r  cyclic t h e r m a l  cond i t i ons  4. The  o n t o g e n y  
of me tabo l i c  ra te  a d j u s t m e n t  m a y  be d e m o n s t r a t e d  b y  t he  
o b s e r v a t i o n  t h a t  t he  d ive rgence  of l a c t a t e  d e h y d r o g e n a s e  
a c t i v i t y  did no t  occur  un t i l  l a te r  in d e v e l o p m e n t .  Lac t i c  
ac id  p roduc t ion  ha s  been  d e m o n s t r a t e d  to be an  i m p o r t a n t  
f ea tu re  of m e t a b o l i s m  in c rab  t i s sues  1~ The  e l eva t ed  
l ac t a t e  d e h y d r o g e n a s e  a c t i v i t y  obse rved  in C. irroratus 
l a rvae  c u l t u r e d  u n d e r  cyclic t e m p e r a t u r e s  ind ica te s  in-  
c reased  c a p a c i t y  for p r o d u c i n g  a nd  dea l ing  w i th  lact ic  
acid. 

8 M. Robert and I. Gray, Comp. Biochem. Physiol. 42B, 377 
(1972). 

9 J . D .  Popham and J. N. T. Dandy, Comp. Biochem. Physiol. 
53B, 97 (1976). 
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Fract ionat ion of m o u s e  D N A  by precipi tat ion with  FI histone into f r a g m e n t s  differing in their base  
c o m p o s i t i o n  1 

J. Sawecka,  L. K o r n a c k a  a n d  J. Malec 

Department o/ Biochemistry, Institute of Haematology, Chocimska 5, PL-00-957 Warsaw (Poland), /1 July 1977 

Summary. Severa l  f r ac t ions  of m o u s e  D N A  were o b t a i n e d  by  g r a d u a l  p rec ip i t a t i on  w i t h  h i s t one  F1. The  a na ly s i s  of 
the i r  base co m p o s i t i on  revea led  t h a t  h i s t one  i n t e r ac t e d  selectively wi th  s equences  of D N A  rich in a de n ine  p lus  t h y m i n e ,  
regard less  of t h e  t y p e  of D N A  molecules  p r e s e n t  in t he  D N A  solu t ion  to be f r ac t iona ted .  

Accord ing  to ~ p o n a r  and  Sormov~% g r a d u a l  d ia lys i s  of 
D N A  an d  h i s tone  F1 so lu t ion  f rom a h i g h  ionic s t r e n g t h  
to 0.15 M NaC1 a t  n e u t r a l  p H  is a c c o m p a n i e d  by  a se lect ive  
i n t e r ac t i on  of historic w i th  sequences  of n a t i v e  D N A  r ich  
in aden ine  p lus  t h y m i n e .  The  effect  was obse rved  in ar t i -  
ficial m i x t u r e s  of bac te r i a l  D N A s  dif fer ing in the i r  base  
compos i t i on  as well as in calf  t h y m u s  DNA.  In  t he  l a t t e r  
case, a g r a d u a l  a c c u m u l a t i o n  of the  GC-rich satel l i te  D N A  
was  n o t ed  in t h e  s u p e r n a t a n t s  ob t a ined  af te r  cent r i -  
f uga t i o n  of the  h i s t o n e - D N A  complexes .  However ,  
P tuc i enn iczak  et  al. 3 f o u n d  s u b s e q u e n t l y  t h a t  D N A  
sequences  p rec ip i t a t ed  by  F1 wi th in  the  r ange  of 5 - 5 0 %  
of the  we igh t  of t he  ini t ia l  DNA,  a n d  p r e s u m a b l y  cor- 
r e s p o n d i n g  to t h e  m a i n  calf t h y m u s  D N A ,  do no t  u n d e r g o  
f r ac t i o n a t i o n  desp i te  the i r  h e t e r o g e n e i t y  in base  com-  
posi t ion.  This  o b s e r v a t i o n  led to the  a s s u m p t i o n  t h a t  m a i n  

b a n d  D N A  molecules  of calf  t h y m u s  D N A  o b t a i n e d  b y  
d e n s i t y  g r a d i e n t  c e n t r i f u g a t i o n  regard less  of the i r  base  
compos i t ion ,  differ f rom some  GC-rich f rac t ions ,  poss ib ly  
those  of sa te l l i te  D N A ,  in r e spec t  of t he  a m o u n t  of specific 
a reas  to which  the  F1 h i s t one  a t t a c h e s  in t he  e x p e r i m e n t a l  
cond i t i ons  applied.  
i t  was  the  a i m  of our  work  to  i nve s t i ga t e  the  course  of 
f r a c t i ona t i on  of some o the r  t y p e  of m a m m a l i a n  D N A  b y  
g r a d u a l  p rec ip i t a t ion  w i th  success ive  doses  of F1. For  th i s  
pu rpose  the  m o u s e  D N A  was  chosen  because  t he  base  
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Precipitation of histone F1-DNA complexes in 0.15 M NaC1 and base composition of obtained DNA fractions 

DNA fraction 1 2 3 4 5 6 

Complex I 100 0.1 0.11 • 0.02 11.4 -E 1.2 1.76 i 0.09 1.79 t 0.05 
Complex II 80.0 t= 2.0 0.1 0.17 :~ 0.02 15.0 q- 1.5 1.60 q- 0.09 1.62 ~- 0.05 
Complex III 58.0 i 2.6 0.1 0.19 ~ 0.02 13.9 ~- 1.0 1.46 ~ 0.09 1.51 :~ 0.06 
Complex IV 43.3 i :  4.2 0.2 0.41 • 0.02 24.5 i 0.7 1.35 4- 0.07 1.39 ~ 0.05 
Final supernatant 21.5 -~ 2,0 - 0.59 • 0.02 35.2 ~ 2.9 1.24 • 0.08 1.24 • 0.06 
Whole DNA - 1.40 1.44 

The results reported in columns 1, 3, 4, 5 und 6 are mean values from 3 experiments :t= SD. Column 1: concentration of DNA solution before 
dialysis (~.g/ml); column 2: weight ratio of F1-DNA before dialysis; column 3: the fraction of DNA in the precipitated complex, calculated 
at each step of the fractionation course from the content of DNA in the solution before dialysis and in the corresponding supernatant; column4 : 
the recovery of DNA in the precipitated complex expressed as the percentage of total DNA present in the initial solution to be fraetionated; 
colunln 5 : composition of 4 main bases in M% expressed as A + T/G + C coefficient ; column 6 : relative value of adenine and guanine content, 
expressed as A/G coefficient, measured by the distribution of radioactivity in purine bases of DNA prelabeled with sodium-C14-formate by 
growing the L5178Y cells in vitro in the presence of this precursor. 


