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Sample locality Date No. of 
specimens 

Frequency of genotypes Allele frequency 
Ldh-1 Ldh-2 

Ldh-1/Ldh-1 Ldh-1/Ldh-2 Ldh-2/Ldh-2 X 2 

Volano Beach 
(Adriatic Sea - 100 km south 
of Venice) 

The Gulf of Naples 
(Tyrrhenian Sea) 

September1971 476 

September 1972 421 

September 1972 706 

Obs. 165 234 77 0.22 0.592 0.408 
Exp. 166.8 239.9 79.2 

Obs. 149 209 63 0.53 0.602 0.398 
Exp. 152.5 201.7 66.6 

Obs. 286 317 103 0.98 0.629 0.371 
Exp. 279.3 329.5 97.1 

Our hypo theses  were also conf i rmed by  the  good fi t  
be tween  the  observed  and  expec ted  gene f requencies  
(see t he  Table). The gene f requency  was near ly  ident ical  
in the  var ious  popula t ions .  This is no t  surpr is ing in v iew 
of the  wide range and high ra te  ot migra t ion  of Belone 
belone popula t ions  l iving in the  Medi t e r ranean  Sea. 

The foregoing observa t ions  show t h a t  bo th  Adr ia t ic  
and  Tyr rhen ian  popu la t ions  of Belone belone conta in  
2 panmic t i c  homozygous  geno types  of L D H  isoenzyme 
(Ldh-1/Ldh-1 and  Ldh-2/Ldh-2), which  t h rough  inter-  

breeding,  yield a hybr id  (Ldh-1/Ldh-2) displa ing in ter-  
med ia t e  features.  

Riassunto. Gli isoenzimi d e l l a  L D H  di Belone belone si 
p re sen tano  mul t ip l i  e pol imorf i  al l 'anal is i  e le t t roforet ica .  
Nelle popolaz ioni  s tud ia te  si m e t t o n o  in evidenza  3 
genot ip i  diversi,  2 dei  quali  a se s t an t i  ed 1 con cara t te r i s t i -  
che in termedie .  L ' ib r idaz ione  molecolare  in v i t ro  ed il 
COllfronto Ira le f requenze  genot ip iche  osservate  e teor iche  
d imos t r ano  che si t r a t t a  di  2 genot ip i  omozigot i  che 
incrociandosi  danno  un ibr ido con ca ra t t e r i s t i che  in ter-  
medie.  

C. CALLEGARINI and  D. IRICCI 

Istituto di Anatomia  comparata, via Scienze, 17, 
I -ddlO0 Ferrara (Italy), 2 Apr i l  1973. 

Effec t s  of  G l y c i n e  a nd  Ser4ne  o n  S e r i n e  H y d r o x y m e t h y l t r a n s f e r a s e  L e v e l s  in  
L o g a r i t h m i c  C u l t u r e s  of  Neurospora  crassa W i l d  T y p e  an d  Ser-I  m u t a n t  

F r o m  recen t  deta i led  inves t iga t ions  it is clear t h a t  
t he  fo rma t ion  and  me tabo l i sm of one-carbon uni ts  ill 
mic roorgan isms  is f inely regulated.  This  m a y  be achieved 
by  repress ionl -S  of cer ta in  key p t e roy lg lu t ama te9  
d e p e n d e n t  enzymes  and  by  feedback  inhib i t ion  of the i r  
ac t iv i ty  S, 10-~3. As the  serine h y d r o x y m e t h y l t r a n s f e r a s e  
reac t ion  is general ly  considered to  be the  ma jo r  phys io-  
logical rou te  for syn thes i s  of C-1 uni ts  i t  is conceivable  
t h a t  t he  fo rma t ion  as well as me tabo l i sm of 5,10-CHz- 
H~PteGlu will be control led  in these  sys tems.  In  Escheri- 
chia coli 113-3 such contro l  is exer ted  by  exogenous  
L-methionine  ~ which  regula tes  t he  avai labi l i ty  of C-1 
uni ts  by  repress ion and  derepress ion  of serine h y d r o x y -  
methy l t r ans fe rase .  In  an ame thop te r in - r e s i s t an t  s t ra in  
of Streptococcus ~aecium 3 high  levels of L-serine in t he  
cul ture  m e d i u m  cause some repress ion of th is  enzyme ' s  
synthesis .  In  Saccharomyces cerevisiae, where  the  ~- 
ca rbon  of serine is a d i r e c t  precursor  of the  m e t h y l  
ca rbon  of me th ion ine  x4, i t  is clear t h a t  syn thes i s  of 
5-CH3-H4PteGlu is regu la ted  by  th is  l a t t e r  amino  acid s, 13 
and  t t la t  glycine s t imula tes  fo rma t ion  of serine h y d r o x y -  
me thy l t r ans fe ra se  ~5 

As p a r t  of a con t inu ing  studyS, 13 of C-1 me tabo l i sm 
in fungi, the  p re sen t  inves t iga t ion  has examined  the  
possible regulat io  n of serine h y d r o x y m e t h y l t r a n s f e r a s e  
by  glycine, serine and  me th ion ine  in Neurospora crassa 
wild type .  Compara t ive  s tudies  w i th  a N .  crassa serine- 
glycine a u x o t r o p h  (Set-l), known  to  be def icient  in 
syn thes i s  of serine f rom p h o s p h o h y d r o x y p y r u v a t e  ~s, 
are  also repor ted .  

Materials and method. Neurospora crassa Lindegren  
A (FGSC no. 853) and  Ser-7 m u t a n t  s t ra in  H605a 
(FGSC n o . l l S )  were cul tured  aerobical ly  a t  25~ in the  
min imal  m e d i u m  of WESTERGAARD and  MITCHELL 17 
modif ied  to  include a m m o n i u m  citratelS. 6 1 a l iquots  of 
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t i l e  med ia  (med ium M) were i n o c u l a t e d  w i t h  f reshly  
h a r v e s t e d  conid ia  to  give an  in i t ia l  c o n c e n t r a t i o n  of 
3 • 10 s con id ia /mL T he  cu l tu re  vessels  were  v igorous ly  
ae r a t ed  w i t h  s ter i le  a i r  for  per iods  up  to  25 h. Samples  
were  r e m o v e d  du r ing  growth ,  h a r v e s t e d  b y  r ap id  f i l t ra -  
t i on  a n d  i m m e d i a t e l y  p l aced  in l iqu id  N v Fo r  d r y  we igh t  
de t e rmina t ions ,  f i l tered samples  were w a s h e d  w i t h  
ace tone  x9 a n d  dr ied pr io r  to  weighing.  I n  severa l  exper-  
i m e n t s  m e d i u m  M was s u p p l e m e n t e d  w i t h  glycine a n d  
L-serine as s u m m a r i z e d  in t he  Resul ts .  

Fo r  e n z y m e  s tudies  t he  myce l ia l  samples  were g r o u n d  
a t  2~ w i t h i n  24 h of ha rves t i ng ,  in  a buf fe r  c o n t a i n i n g  
Tr i s -HC1,  0.2 M ;  KC1, 10 m M ;  E D T A , 1 0  m M ;  MgC12, 
1 m M ;  d i th io th re i to l ,  0.1 m M  (pH 7.4). Af te r  cen t r i -  
Iuga t ion  (15,000 • g for  20 rain) samples  of t h e  e x t r a c t  
were  passed  t h r o u g h  co lumns  of S e p h a d e x  G-15. Ser ine 
h y d r o x y m e t h y l t r a n s f e r a s e  a c t i v i t y  was assayed  b y  t he  
m e t h o d  of TAYLOR a n d  WEISSBACH ~~ Labe l l ed  5,10- 
CI-t2-H4PteGIu, fo rmed  in  t h e  reac t ion ,  was  c o n v e r t e d  
to  t he  f o r m a l d e h y d e - d i m e d o n  a d d u c t  a n d  assayed  for 
z4C b y  l iquid  sc in t i l l a t ion  c o u n t i n g  sl. P r o t e i n  was assayed  
co lor imet r ica l ly  2e. Specific e n z y m e  ac t iv i t i e s  are expressed  
as nmoles  p r o d u c t  f o r m e d / m i n / m g  p r o t e i n  u n d e r  t he  
s t a n d a r d  as say  condi t ions .  

Resu l t s  a n d  d i scuss ion .  F r o m  F igure  1 i t  is c lear  t h a t  
t he  wi ld  t y p e  d i sp l ayed  loga r i t hmic  g r o w t h  in unsupp le -  
m e n t e d  m e d i u m  M, 17-20 h a f t e r  inocula t ion .  Af te r  t h i s  
pe r iod  t he  cu l tu re  en t e red  t h e  s t a t i o n a r y  phase.  Cul tures  
rece iv ing  s u p p l e m e n t s  of serine, glycine a n d  m e t h i o n i n e  
a t  0.1 m M  b y  compar i son ,  d i sp layed  l o g a r t h m i c  g r o w t h  
for  longer  periods.  Changes  in t he  specific a c t i v i t y  of 
ser ine h y d r o x y m e t h y l t r a n s f e r a s e  were obse rved  (Table  
I) w h e n  e x t r a c t s  were p r e p a r e d  f rom such  cul tures .  
D u r i n g  cu l tu re  in  m e d i u m  M t he  specific a c t i v i t y  decl in-  
ed  b y  a p p r o x i m a t e l y  40%.  I n  con t ras t ,  cu l tu res  rece iv ing  
s u p p l e m e n t s  o f  glycine h a d  h ighe r  e n z y m e  levels  a n d  
these  were  increased  d u r i n g  growth .  Serine a t  1 m M  
gave  a s imi la r  effect. W h e n  t he  m e d i u m  was s u p p l e m e n t -  
ed w i t h  L-meth ion ine  t he  specific ac t iv i t i es  were aga in  
h igher  t h a n  those  of t he  control .  This  f ind ing  suggests  
t h a t  syn thes i s  of ser ine h y d r o x y m e t h y l t r a n s f e r a s e  in  
N .  crassa  m a y  no t  be  repressed  b y  exogenous  L-meth ion ine  
as occurs  7 in  E .  coli 113-3. This  amino  acid also fai led 
to  decrease  e n z y m e  a c t i v i t y  in  v i t r o  (Table  I I ) .  

I n  s tud ies  w i t h  the  Ser-1 m u t a n t  (Figure  2) some 
g r o w t h  was obse rved  in t he  absence  of g lycine  or serine. 
Th i s  g r o w t h  was n o t  app rec i ab ly  increased  b y  add i t i ons  

Table I. Specific activity of serine hydroxymethyltransferase after 
culture of N. crassa wild type in supplemented minimal medium 

Supplement of Age of culture (h) 

minimal medium 18 20 22 24 

None 1.30 0.96 0.95 0.79 
Glyeine (1 raM) 1.95 3.11 3.13 3.56 
Glyeine (0.1 mM) 1.32 2.20 2.62 2.55 
Serine (1 raM) 1.28 1.97 2.23 3.84 
Serine (0.1 mM) 1.59 1.96 1.06 1.66 
Methionine (0.1 raM) 2.48 2.24 2.20 1.91 

Table II. Serine hydroxymethyltransferase of N. crassa wild type. 
Lack of inhibition in vitro by L-methionine 

Final concentration 
of z-methionine in 
reaction system (mM) 

Enzyme activity 
(nmoles product formed/10 min) 

0 0.32 
0.33 0.31 
0.66 0.33 
1.65 0.30 
3.30 0.31 

Cell-free extracts were prepared'from mycelia harvested after 24 h 
of growth at 25 ~ in the minimal medium M. After gel filtration, 
enzyme activity was assayed on aliquots containing 18 ~g protein 
using the standard reaction system. 

z9 R. H. DAvis and F. ~. HAROLD, Neurospora Newslett. 2, 18 (1962). 
~0 R. T. TAYLOR and H. WEISSBACH, Analyt. Biochem. 13, 80 (1965). 
21 W. A. DODD and E. A. CossINs, Archs Biochem. Biophys. 133, 216 

(1969). 
~ O. H .  LOWRY, N. J .  ROSEBROUGK, A. L. FARR a n d  R.  J .  RANDALL, 

J. biol. Chem. 793, 265 (1951). 
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Fig. 1. Growth of N. crassa wild type in supple- 
mented minimal media. Cultures were aerated at 
25 ~ in the media indicated. Between 17-24 h 
samples of myeelia were harvested and dry weights 
determined. 
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Fig. 2. Effect of media supplements on the growth of N. crassa Ser-1 
mutant .  Cultures were treated as in Figure 1. 

o f  g l y c i n e  (1 a n d  10 m M ) .  G r e a t e r  i n c r e a s e s  in  d r y  w e i g h t  
w e r e  h o w e v e r  o b s e r v e d  in  t h e  p r e s e n c e  of  L-ser ine .  A s  
t h i s  m u t a n t  l a c k s  a b i l i t y  t o  c a t a l y z e  t h e  t r a n s a m i n a t i o n  
of  p h o s p h o h y d r o x y p y r u v a t e  1~ i t  f o l lows  t h a t  s u f f i c i e n t  
s y n t h e s i s  of  s e r i n e  t o  s u p p o r t  a r e l a t i v e l y  low r a t e  of  
g r o w t h  m a y  o c c u r  v i a  t h e  s e r i ne  h y d r o x y m e t h y l t r a n s -  
f e r a s e  r e a c t i o n .  E x t r a c t s  of  t h i s  m u t a n t  w e r e  f o u n d  t o  
c o n t a i n  t h i s  e n z y m e  a c t i v i t y .  D u r i n g  t h e  p e r i o d  of  g r o w t h  
e x a m i n e d  in  F i g u r e  2 t h e  spec i f i c  a c t i v i t y  r o s e  f r o m  0.9 t o  
1.2 a n d  f r o m  0.8 t o  1.9 i n  t h e  10 m M  s e r i n e  a n d  u n s u p p l e -  
m e n t e d  c u l t u r e s  r e s p e c t i v e l y .  I n  m o r e  d e t a i l e d  s t u d i e s  
( F i g u r e  3A a n d  t3) c u l t u r e s  w e r e  a e r a t e d  in  m e d i u m  M 
fo r  18 h a t  w h i c h  t i m e  v a r i o u s  s u p p l e m e n t s  w e r e  m a d e .  
A d d i t i o n  of  1 m M  s e r i n e  r e s u l t e d  in  a n  i n c r e a s e d  g r o w t h  
r a t e  b u t  g l y c i n e  a t  1 a n d  10 m21/ / fa i led  t o  g i v e  t h i s  e f f ec t  
w i t h i n  7 h .  S o m e  s t i m u l a t i o n  of  g r o w t h  r a t e  w a s  o b s e r v e d  
w h e n  g l y c i n e  a n d  f o r m a t e  a t  10 m M  w e r e  a d d e d  t o g e t h e r  
( F i g u r e  3B).  T h e s e  t r e a t m e n t s  a f f e c t e d  e n z y m e  l eve l s  
a s  s u m m a r i z e d  in  T a b l e  I I I .  E n z y m e  l eve l s  in  1 m M  
s e r i n e - s u p p l e m e n t e d  c u l t u r e s  we re  s i m i l a r  t o  t h o s e  
o f  t h e  c o n t r o l .  I n  g l y c i n e  a t  10 m M  t h e  spec i f i c  a c t i v i t i e s  
were above those of the control and this stimulatory 
effect was further increased when medium M was supple- 
mented with glycine and formate. Formate, when added 
to medium M alone , did not increase enzyme levels 
above those observed for glycine at I0 raM. 
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Fig. 3. Growth of N.  crassa Ser-I mutan t  
following additions of glycine, serine and 
formate to the minimal medium. Cultures in 
minimal medium M were aerated at 25 ~ for 
18 h. Supplements of the amino acids and 
formate were made as indicated by the arrows. 
Cultures M (Q) did not receive supplement 
and served as controls. 

Table IIf.  Effects of media supplements on the specific activity of serine hydroxymethyltransferase in the Set-1 mutan t  

Time after suppiement made (h) SuppIement of medium M 

None Serine Glycine Gtycine Glycine + formate 
(1 raM) (1 m U )  (10 m M )  (10 m M )  

2 1.16 - -  1.15 2.07 1.83 

5 --  1.97 1.99 2.56 2.94 

7 1.91 2.13 2.32 2.35 4.35 

Supplements were made to 18-h-old cultures aerated in minimal medium at 25 ~ Specific enzyme activity before making the supplements 
was 0.76. 
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The  effects of glycine on t he  levels of ser ine h y d r o x y -  
m e t h y l t r a n s f e r a s e  in  b o t h  t he  wild t y p e  a n d  Set- 1 m u t a n t  
suggest  t h a t  syn thes i s  of t h i s  e n z y m e  m a y  be to  Some 
e x t e n t  r egu la t ed  b y  exogenous  glycine. This  effect  would  
h a v e  physio logica l  s igni f icance  if t he  serine h y d r o x y -  
m e t h y l t r a n s f e r a s e  r eac t ion  se rved  as a rou t e  for ser ine 
syn thes i s  in  Neurospora. E v i d e n c e  for i n v o l v e m e n t  of 
th i s  e n z y m e  in ser ine syn thes i s  is well  d o c u m e n t e d  for 
several  o rgan i sms  inc lud ing  Saccharomyces 23, 2~, 16. I n  
t he  l a t t e r  species glycine can  serve as t h e  p recurso r  of 
t he  f l -carbon of ser ine 2~ a n d  m a y  ac t  also as an  inducer  
o5 ser ine h y d r o x y m e t h y l t r a n s f e r a s e  syn thes i s  is. F r o m  
the  p re sen t  s tud ies  i t  wouid  a p p e a r  t h a t  glycine a n d  to 
a lesser e x t e n t  serine, c a n  regu la te  t h i s  key  e n z y m e  of 
C-1 m e t a b o l i s m  in N. crassa. T he  origins  of t he  C-1 u n i t  
r equ i red  for syn thes i s  of ser ine f rom glycine r e m a i n  to be 
e lucidated .  If  5,10-CH2-t-I4PteGlu read i ly  arises f rom 
glycine in t he  Ser-? m u t a n t  i t  is d i f f icul t  to  a ccoun t  for 
t he  lack of apprec iab le  g r o w t h  s t i m u l a t i o n  w h e n  glycine  
was suppl ied  exogenous ly  (Figure  3). On t h e  o the r  h a n d ,  
if C- 1 un i t s  for  ser ine syn thes i s  arise v ia  10-I-ICO-H4PteGlu , 
f o rma te  t o g e t h e r  w i t h  glycine would  serve as p recursors  
of ser ine fo rmed  in t he  serine h y d r o x y m e t h y l t r a n s f e r a s e  
reac t ion .  These  and  re l a t ed  poss ib i l i t ies  are c u r r e n t l y  
u n d e r  more  de ta i led  inves t iga t ion .  

Rdsurnd. D a n s  u n  mil ieu m i n i m a l  la glycine et  la sOrine, 
ajoutOes en concen t r a t i ons  physio logiques ,  a u g m e n t e n t  
le t a u x  de la sOrine-hydroxymOthyl t ransfOrase  d u r a n t  

la croissance l o g a r i t h m i q u e  du  Neurospora crassa. La  
glycine inf luence  6ga lemen t  la syn thgse  de cet  e n z y m e  
chez le m u t a n t  Set-7 de Neurospora. Ainsi  la  g lycine  
exogSne exerce une  rOgulat ion de la sOrine-hydroxy-  
mOthyl t ransfOrase e t  ce t  e n z y m e  joue  u n  r61e poss ib le  
darts la syn th~se  de la sOrine d a n s  cet  o rgan i sme  en  
phase  l o g a r i t h m i q u e  de croissance.  
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Effect of Wall-Degrading Enzymes on Protoplasts 

E l i m i n a t i n g  p l a n t  cell wails  in  order  to  o b t a i n  large  
a m o u n t s  of p ro top l a s t s  is usua l ly  ach ieved  b y  us ing  
enzymes  wh ich  des t roy  t he  ske le ta l  enve lope  1. B u t  such  
enzymes  m a y  a l t e r  some of t he  p r o t o p l a s t  p roper t ies .  I t  
was, therefore ,  necessa ry  to  a sce r t a in  such  a p r o b a b l e  
de te r io ra t ion .  Since p ro top l a s t s  can  be  p roduced  b y  sl icing 
wails  w i t h  no  b iochemica l  t r e a t m e n t  2, a c o m p a r a t i v e  
s t u d y  of b o t h  k inds  of p r o t op l a s t s  m i g h t  poss ib ly  solve th i s  
ques t ion .  I n  fact ,  i t  h a s  been  obse rved  3 t h a t  t h e  t r a n s -  
aminase  a c t i v i t y  of p r o t op l a s t s  e n z y m a t i c a l l y  p r e p a r e d  
f rom d llium roots  was  f r e q u e n t l y  lower  t h a n  t h a t  of 
p ro top l a s t s  m e c h a n i c a l l y  ob ta ined .  However ,  such a 
compar i son  was no t  v e r y  helpful  because  t he  v o l u m e  a n d  
t h e  n a t u r e  of t he  cells g iv ing  p r o t o p l a s t s  a n d  t he  size of 
the  p ro top l a s t s  t h e m s e l v e s  d e p e n d  to a large e x t e n t  on  
t he  two  t echn iques  a d o p t e d  4. To decide w h e t h e r  wall-  
des t roy ing  enzymes  rea l ly  change  t h e  p r o t op l a s t s  
m e t a b o l i s m  d u r i n g  t he i r  e n z y m a t i c a l  p r epa r a t i on ,  t he  
effect  of these  enzymes  has  to  be  d i rec t ly  t e s t ed  on  t he  
p ro top l a s t s  o b t a i n e d  mechan ica l ly .  The  b iochemica l  
r e a c t i v i t y  of t he  p ro top l a s t s  will be  ana lysed  b y  measur -  
ing - as done  p rev ious ly  6 - t he i r  t r a n s a m i n a s e  ac t iv i ty .  

Roo t s  (30 m m  :t- 3) of Al l ium cepa were used 5. Af te r  
r e m o v i n g  t he  t ip  (3 mm )  a n d  f i rs t  soaking  (5 min)  in  20% 
sucrose solut ion,  t h e y  were cu t  i n to  smal l  sect ions  wh ich  
were  p laced  i m m e d i a t e l y  (85 min)  in  a so lu t ion  of sucrose 
(20%) a n d  NaC1 (1.2%)2. On b o t h  faces, each  t h i n  roo t  
sec t ion  gave p ro top l a s t s  ( a p p r o x i m a t e l y  4.5 • 106 • 1 • 106 
for  20 g of roots) .  The  p r o t op l a s t s  suspens ion  was im- 
m e d i a t e l y  used  or  s tored  (dark,  25~ • 0.5) in a 20% 
sucrose so lu t ion  w i t h  Penic i l l in  G (Specia) a t  8 • 10 -~ M.  
a n d  w i t h  or w i t h o u t  enzymes  mix tu re .  Penic i l l in  was  found  
to  be  ineffec t ive  on ceils of h i g h e r  p l a n t s  6 b u t  i t  s t opped  
a n y  bac te r i a l  c o n t a m i n a t i o n  for a t  leas t  16 h. I t  has  to  be 
n o t e d  t h a t  t he  enzymes  used were no t  pur i f ied  a n d  
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u n d o u b t e d l y  c o n t a i n e d  m a n y  d i f fe ren t  ac t ive  speciesL 
The  i n c u b a t i o n  (12h), t he  n a t u r e  (Macerozyme [pectinases~ : 
U N W I N ,  H e r t s ;  Cellulase O N O Z U K A  P 1500: All 
J a p a n .  Biochem.)  a n d  t h e  c o n c e n t r a t i o n  (5%) of t h e  
enzymes  were chosen  iden t ica l ly  to  those  p rev ious ly  
a d o p t e d  for t he  e n z y m a t i c a l  p r e p a r a t i o n  of p r o t o p l a s t s  s. 
Because  of t he  o p t i m a l  p H  of t h e  enzymes  ~, all  t h e  
so lu t ions  were buf fe red  a t  p H  5.0 ~ 0.3. Before  e x t r a c t i n g  
t he  enzymes ,  t he  p r o t o p l a s t s  were w a s h e d  carefu l ly  4 
t imes  w i t h  a buf fe red  20% sucrose so lu t ion  5. I so l a t i ng  
t h e  t r a n s a m i n a s e  1~ was a d a p t e d  to  t h e  p r o t o p l a s t s  3, 
a n d  t he  A s p a r t a t e - a m i n o t r a n s f e r a s e  (EC 2.6.1.1) was  
ana lysed  ( i ncuba t ion  : 60 ra in  ; 37 ~ • 0.5) b y  d e t e r m i n i n g  
spec t ropho toco lo r ime t r i ca l l y  (492 rim) t h e  coloured 
h y d r a z o n e s  fo rmed  a f t e r  us ing  a p y r u v a t e  s t a n d a r d  11. 
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