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curve (Figure 1) were e lectrophoresed,  and enzyme  
p a t t e r n s  del ineated by  the  t e t r azo l ium procedure.  Figure 
2 shows some compar isons  of the  inver tase- l ike  ac t iv i ty  
found  in p repara t ions  by  use of the  t e t razo l ium reagent .  
Only fa in t  amoun t s  of ac t iv i ty  were observed f rom mid-  
log phase  prepara t ions .  However ,  invertase- l ike ac t iv i ty  
was found in s teadi ly  increasing propor t ions  as g rowth  
of t he  SL-1 cul tures  progressed  into t he  ear ly  s t a t i ona ry  
phase  or beginning  of t he  s t a t i ona ry  phase.  

To pe rmi t  fu r ther  charac ter iza t ion ,  the  inver tase- l ike  
enzyme was separa ted  f rom o the r  sucrose-metabol iz ing 
enzymes  by  c h r o m a t o g r a p h y  of the  extracel lular  p ro te in  
p repara t ions  on Sephadex  G-100. The recovered ac t iv i ty  

Fig. 2. Polyacrylamide gel electrophoresis showing invertase activity 
fl:om extraeellular protein preparations. Samples were from A) late 
log phase B) early stationary phase mid C) stationary phase. 

r ep resen ted  abou t  8% of the  to ta l  sucrose-metabol iz ing  
enzyme  ac t iv i ty  found  pr ior  to the  ch roma tog raphy .  
The enzyme  ac ted  on sucrose as subs t r a t e  to p roduce  
reducing sugar, 49.4% of which was found  to  be glucose. 
No po lysacehar ide  synthes is  could be demons t r a t ed .  The 
enzyme  had  a p H  o p t i m u m  of 6.2, t e m p e r a t u r e  o p t i m u m  
of 38 39 ~ and molecular  weigh t  of 48,000. Since trehalose,  
an e-glucoside, did no t  serve as subs t ra te ,  the  enzyme  
was no t  an e-glucosidase. 

In t race l lu la r  inver tase  p repara t ions  also genera ted  
equimolar  f ructose and  glucose f rom sucrose w i t h o u t  
polysacchar ide  synthesis ,  and did no t  genera te  reducing 
sugar f rom trehalose.  

In t race l lu lar  inver tase  p repara t ions  and  extracel lu lar  
pro te in  p repara t ions  were compared  e lec t rophore t ica l ly  
under  several  d i f ferent  condi t ions  (5% gel concen t ra t ions  
a t  p H  6.7, 7.3 and 8.5; 7% gel concen t ra t ions  a t  p H  8.5). 
A typica l  resul t  is shown in F igure  3. In every  ins tance  
bo th  intracel lular  inver tase  and  the  inver tase- l ike  enzyme 
in the  extracel lular  pro te in  p repara t ions  p roduced  single 
ac t iv i ty  bands  which  had  the  same migra t ion  rates.  

Thus, the  enzyme character is t ics  of t he  inver tase- l ike  
enzyme f rom the  cul ture  fluids were very  s imilar  to  those  
for intracel lular  invertase,  as found in th is  s t u d y  or as 
previous ly  repor teda  for s t ra in  SL-1. The d a t a  therefore  
indica ted  t h a t  the  invertase- l ike enzyme is in t racel lular  
inver tase  which  is released in to  cul ture fluids p r imar i ly  
dur ing  lace log and s t a t i ona ry  phases  of growth  1~. 

Summary. l nve r t a se  f rom ext racel lu lar  cul ture  fluids 
of S. m~tans strain SL-1 was shown to have  the  same 
charac ter i s t ics  as intracel lular  inver tase  f rom the  same 
strain.  The da t a  indicate  t h a t  intracel lular  inver tase  is 
released into the  cul ture fluids pr imar i ly  dur ing  the  late 
log and s t a t i ona ry  phases  of growth.  
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Fig. 3.5 % gel eIectrophoresis of A) extracellular protein preparation 
and 13) intracellular invertase preparation at pH 7.3. Migration is to 
the right toward the (+) electrode and enzyme components were 
delineated by the tetrazolium procedure. The two components with 
the same migration rate near the right edge of the figure are invertase. 
Similar results were obtained under other dectrophoretic coBditions. 
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Penetrat ion of Phospho l ipase s  A 2 and C into the Squid (Loligo pealii) Giant A x o n  

Phosphol ipase  A 2 and  C (PhA~, PhC) are used as enzy-  
mat ic  probes,  to s t u d y  the  s t ruc tu ra l  organiza t ion  of 
biological m e m b r a n e s  and  to search for specific funct ions  
of phosphol ip ids  (see 1 for references).  In  s tudies  on axons,  
however ,  connect ive  tissue, Sehwann  cell and  myel in  m a y  
interfere  wi th  the  access of ex te rna l ly  appl ied phospho-  
lipases to the  axo lemma where processes associa ted wi th  

genera t ion  of the  act ion po ten t i a l  occur. Lack  of an 
effect  following the  appl ica t ion  of phosphol ipases  m a y  
ref lect  a n o n - i n v o l v e m e n t  of phosphol ip ids  or m a y  be 
due to  an inabi l i ty  of the  phosphol ipase  to  reach the  site 

1 p. ROSENBERG and E. A. KHAIRALLAH, J. Neurochem. 23, 55 
(1974). 
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Penetration of phospholipases A and C (PhA2, PhC) into axoplasm of the squid giant axon 

EXPERIENTIA 31112 

Enzyme Enzymatic activity ~ 

Type (mg/ml) Fresh solution Stored incubation solution Axoplasm 

Penetration (%) b 

PhA~ 20 7.41 5.28 18.47 350 
20 6.90 6.32 13.90 220 
20 4.16 14.51 349 

1 0.31 0.32 1.03 322 
1 0.28 0.20 0.68 340 
I 0.26 0.35 135 
1 0.41 0.44 107 

PhC 10 0.330 0.270 0.048 18 
10 0.336 0.254 0.052 20 

1 0.030 0.032 0.010 31 
1 0.036 0.034 0.008 24 

Axoplasm wa s extruded following exposure of axons for 1 h to incubation solutions containing indicated concentrations of phospholipases. 
Incubation and axoplasm containing solutions were stored in liquid nitrogen for about 1 mouth prior to assay. 'Fresh solution' was made 
up within 30 rain prior to assay. Each of the 11 experiments is based upon axoplasm pooled from 4 axons. The weight of axoplasm extruded 
per axon ranged from 1.1 to 3.2 mg. ~PhA, [xEquiv. free fatty acids released per 10 min per p.1 PhC, increase in O.D. per 60 min per 10~zl. 
For purposes of calculation it is assumed that 1 mg of axoplasm equals. 1 ~xl. bActivity in axoplasm x 100 divided by activity in incubation 
solution. 

of interest .  I t  t hus  is i m p o r t a n t  to de te rmine  wh e t h e r  
these  enzymes  can p e n e t r a t e  into t he  axoplasra  of an 
axon  following ex te rna l  appl icat ion.  

Materials and methods. PhC, (phosphat idylchol ine :  
chol ine phosphohydro la se ;  EC 3.1.4.3) a par t i a l ly  pur i f ied 
p repa ra t ion  f rom Clostridium per/ringens was ob ta ined  
f rom Schwarz-Mann (Orangeburg,  New York) ;  the  
p repa ra t ion  (lot No. X 3452) has  an ac t iv i ty  of 15 uni t s /mg.  
C o t t o n m o u t h  moccasin  ( A gkistrodon piscivorus piscivorus ) 
v e n o m  (lot No. 102065) was  ob ta ined  f rom Ross  Allen 
Rept i le  I n s t i t u t e  (Silver Springs, Florida).  A solut ion of 
th is  v e n o m  boiled for 15 min  a t  100 ~ and  p H  5 was used 
as t he  source of P h A  2 (phosphaf ide  acyl hydro lase ;  
EC 3.1.1.4) af ter  a d j u s t m e n t  of the  s u p e r n a t a n t  fluid to  
p H  8.0 before use. PhA~ is t he  only  enzyme p re sen t  in 
snake  venolns  which  is r es i s t an t  to  boil ing a t  acid p H  2, 3. 
B o t h  acid-boiled v e n o m  and  commerc ia l ly  ob ta ined  PhC 
are devoid  of p ro teo ly t ic  ae t iv i ty~-L We conf i rmed t h a t  
these  p repa ra t ions  had  no pro teo ly t ic  ac t iv i ty  as judged  
b y  de t e rmina t ions  s on s u p e r n a t a n t s  of TCA prec ip i ta ted  
incuba t ion  mixtures .  

Gian t  axons  of t he  squid (Loligo pealii), conta in ing  
some adher ing  small  nerve  fibres were dissected as 
prev ious ly  descr ibed 9. Only un in ju red  axons  were  used , '  
t he  ends  being careful ly l igated to  avoid leakage of 
axoplasm.  Fo r  each exper iment ,  4 axons  ( ~ 6 0  mg) were 
incuba ted  toge the r  for 1 h, wi th  or w i t h o u t  add i t ion  of 
phosphol ipase ,  in 10 ml  of an art if icial  sea w a t e r  solut ion 
(raM compos i t ion :  NaC1, 449; KC1, 10; CaC12 50; Tris, 3; 
p H  8.0). The axons  were then  r emoved  f rom the  c h a m b e r  
and  axop lasm collected as descr ibed previously% 1 ml 

s a m p l e s  of axop lasm in sea wa te r  and  the  10 ml  of 
incuba t ion  solut ions were immed ia t e ly  placed in l iquid 
n i t rogen  unt i l  phosphol ipase  analyses.  

PhA~ ac t iv i ty  was de t e rmined  b y  t i t r a t i ng  wi th  0.02 N 
N a O H  according to  t he  m e t h o d  of DOLE 1~ the  free f a t t y  
acids l ibera ted  a t  0, 5, 10, 15 and  20 rain f rom a 1:10 
di lut ion,  in 0.9% saline, of egg yolk. The resul ts  are 
expressed  as microequiva len t s  free f a t t y  acid released per  
10 rain per  ~zl of f reshly  p repa red  phosphol ipase  solution, 
incuba t ion  solution,  or e x t r u d e d  axoplasm.  PhC ac t iv i ty  
was  de t e rmined  b y  following the  d e v e l o p m e n t  of t u r b i d i t y  
in egg yolk  suspensions  11. An egg yolk  is emulsif ied in 
200 ml  of 0.9% NaC1, placed in t he  ref r igera tor  for 24 h, 

the  s u p e r n a t a n t  f i l tered and NaC1 added  to  a f inal  con- 
cen t ra t ion  of 2%. E n z y m e  conta in ing  solut ion is added  to  
th is  subs t r a t e  (2.5 ral) and  absorbance  readings (540 nm) 
t aken  every  5 rnin for 30 rain to  3 h;  the  increase in 
opt ical  d en s i t y  being l inear  wi th  t ime.  

Results and discussion. Axoplasm f rom axons exposed  
to  art if icial  sea wa te r  alone for 1 h showed no de tec tab le  
level of endogenous  P h A  2 or PhC ac t iv i ty  (4 exper iments ) .  
To de t e rmine  w h e t h e r  phosphol ipases  were s table  dur ing  
incuba t ion  and  storage,  we compared  the  act ivi t ies  of 
f reshly  p r ep a red  solut ions of these  enzymes  wi th  the  
act ivi t ies  in the  incuba t ion  solut ions (Table). The enzy-  
mat ic  act ivi t ies  of t he  f reshly  p repa red  and incuba t ion  
solut ions were  similar. In  5 expe r imen t s  w i th  PhA~ the re  
was a 3-fold accumula t ion  of t he  enzyme in the  axoplasra  
and  in t he  remain ing  2 expe r imen t s  the  enzymat i c  
ac t iv i t ies  in t he  axoplasra  and  in t he  incuba t ion  solut ions 
were abou t  equal.  The PhC ac t iv i ty  in t he  axop lasm was  
20 to 30% of t h a t  in t he  incuba t ion  solut ion (Table). 
Us ing  condi t ions  ident ical  to  those  used in t he  p re sen t  
s tudy,  i t  was  found t h a t  a f ter  exposure  of cont ro l  squid 
axons  to  impene t r ab l e  rad ioac t ive  compounds  less t h a n  
1% p e n e t r a t e d  into t he  axop lasm a2. Con tamina t ion  is 
t hus  n o t  a serious source of error  in our  studies.  

Our p r e s en t  resul ts  show t h a t  P h A  2 and  PhC are able 
to  p e n e t r a t e  t h ro u g h  connect ive  tissue, Schwann  cell and  

2 W. L. MAGEE and R. H. S. THOMPSON, Bioehem. J. 77, 526 (1960). 
8 p. ROSENBERG and K. Y. No, Biochim. biophys. Acta 75, 116 

(1963). 
4 H. SIMPKIIqS, S. TAY and E. PANKO, Biochemistry 10, 3579 (1971). 
5 A. S. GORnON, D. F. H. WALLACH and J. H. STRAOS, Biochim. 

biophys. Aeta 183, 405 (1969). 
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239, 71 (1971). 
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axolemma,  which  is in ag reemen t  w i th  earlier d a t a  where  
we found sp l i t t ing  of axoplasmic  phosphol ip ids  following 
exposure  of i n t ac t  squid g iant  axons  to  PhA~ or PhC ~, la, 14. 
Lack  of pene t r a t i on  m a y  therefore  no t  be t he  exp lana t ion  
for the  f inding ~ t h a t  pancrea t i c  P h A  has no effect  follow- 
ing ex te rna l  appl icat ion,  bu t  blocks the  act ion po ten t i a l  
of t h e  squid g iant  axon following in te rna l  perfusion.  
U n f o r t u n a t e l y  t h e y  only  used ex te rna l ly  one concent ra -  
t ion  of PhA,  which  was equal  to  t he  lowest  concen t ra t ion  
which  had  an effect  in ternal ly .  

PhA~, ex te rna l ly  applied,  causes vesicula t ion and 
d is rupt ion  of the  Schwann  cell of the  squid axon  la along 
wi th  a large release of free amino  acids I indicat ive  of a 
b reakdown  of phosphol ip id -pro te in  binding,  correla t ing 
well w i th  our p re sen t  f indings t h a t  PhA~ is h igh ly  
penet rable .  The a p p a r e n t  pene t r a t i on  of PhA~ was of ten  
above 100% which  m a y  indicate  axoplasmic  b ind ing  or 
assymet r ic  pe rmeab i l i t y  proper t ies .  The h igh  pe rcen t  
pene t r a t i on  of PhA~ m a y  no t  only  be due to di rect  dis- 
rup t ion  of phosphol ip ids  bu t  m a y  be due to  t he  concom- 
i t an t  p roduc t ion  of lysophosphat ides ,  which  have  a 
de t e rgen t  ac t ion  and are responsible  for block of conduc-  
t ion following PhA~ appl ica t ion  to the  squid g ian t  axon ~. 

I t  is difficult  to explain  the  a p p a r e n t  d i sc repancy  be- 
tween  our f inding t h a t  PhC does no t  block squid axoll 
conduc t ion  following ex te rna l  application~a,l~ even 
t hough  we now know t h a t  it  pene t r a t e s  into the  axoplasm,  
and the  f inding t h a t  in terna l  in jec t ion  (1.5 ~1 of a 0.5 rag/ 
ml solution) or perfus ion (5 mg/ml) of phosphol ipase  C 
into the  axop lasm causes a loss of exci tabi l i ty  in 20 to 30 
min is (I. TASAKI, 1972, personal  communica t ion) .  

Summary. Following 1 h exposure,  the  level of phospho-  
lipase A2 pene t r a t i on  in to  the  axop lasm of the  squid g ian t  
axoll was 107 to  350% of t h a t . i n  the  ex te rna l  media ;  
cor responding  values for phosphol ipase  C were 18 to  31%. 
Phosphol ipases  Call therefore  be used to s t u d y  phospho-  
lipid func t ion  in axons  since t h e y  can p e n e t r a t e  t h r o u g h  
connect ive  t issue and  Schwann  cell to  reach  the  axolem- 
ma. 
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Evolution et contrSle de l'activit6 de l 'argininosuccinate synth6tase,  de 
l 'argininosuccinase et de l 'arginase du foie foetal de rat 

Control Activities and Regulation by the Glucocorticoids of Three Urea-Cycle 
Enzymes  in Rat Foetal Liver: Argininosuccinate Synthetase,  Argininosuccinase and Arginase 

Au cours des derniers  jours de la vie foetale, de nom-  
breuses enzymes  s ' accumulen t  dans  le foie et  il est  souven t  
possible de d6celer tr6s t 6 t  leur activit6, De r & e n t e s  
recherches  on t  mont r6  que la r6gulat ion de ces enzymes  
ob6it, bien a v a n t  la llaissance, ~ un d&ermin i sme  endo-  
crinien. Ainsi, les t r a v a u x  de Jos ' r  et  JAcQuo'r 1-3, de 
GREENGARD 4, de HOLT et  OLIVER 5, de RKIHK et  S u m -  
KONEN 6, ont  r6v616 le r61e i m p o r t a n t  que jouen t  les 
glucocorticoides,  le glucagon et  d ' au t res  ho rmones  sur 
l 'act ivi t6  enzymat ique  de diverses voies m&abol iques .  
Au cours d ' une  p r & 6 d e n t e  no te  7, les act ivi t6s des deux  
premibres  enzymes  du cycle de l'ur6e, la ca rbamyl  
p h o s p h a t a s e  syn th&ase ,  (E.C. 2, 7, 2, 2) e t  l 'o rn i th ine  
t r ansca rbamylase  (E.C. 2, 1, 3, 3) ollt 4t6 mesur6es chez 
le foetus e t  leur contrhle  par  les glucocort icoides a 4t4 mis 
en 6vidence. Le pr6sent  t rava i l  r appor t e  les r4sul ta ts  
ob tenus  en 6tudiant ,  dans  les m~mes condi t ions  exp6ri- 
menta les  que p r6c6demment  v, trois au t res  enzymes  
impliqu6es dans  la synth6se  de Fur&,  l ' a rg in inosuccina te  
syn th6 tase  (E.C. 6, 3, 4, 5), l ' a rgininosuccinase  (E.C. 4, 
3, 2, 1) et  l ' a rginase  (E.C. 3, 5, 3, 1). 

Matdriels et rndthodes. L'6 tude  por te  sur des ra t s  b lancs  
Sherman .  L'~ge du foetus est  d6termin6 par  r a p p o r t  au 
m o m e n t  suppos6 de la f6condat ion (1 heure  du mat in) .  
La surr6nalectomie de la m6re est  faite ~, 14,5 jours.  Les 
an im aux  op6r6s r e fo iven t  ~ volont6 de l 'eau sal6e 
(NaC1 9 g 1 1). L ' h y p o p h y s e c t o m i e  des foetus est  Iaite 
dans  les condi t ions  habi tuel les ,  pa r  d6capi ta t ion  in 
utero s, 9 ~ 18,5 j ours. Certains foetus d6capit4s regoivent  

aussi t6t  apr6s l 'op6rat ion 0,1 mg d ' a c & a t e  de cort isol  
(Roussel) par  voie in t rap6r i ton6ale  au t ravers  du muscle 
ut6r in.  D 'au t res  foetus ent iers  p r o v e n a n t  de m6res non 
sur r4na lec tomis&s re~oivent  aussi ce t te  p r6para t ion  
hormona le  au m~me age (18,5 jours) et  des foetus t6moins  
de l ' au t re  corne, un vo lume 6quivalent  de NaC1 ~ 9 g 1-L 
Au static de ges ta t ion  5. &udier ,  la m6re est  a s s o m m &  et  les 
foetus sont  retir6s de l ' u t &u s  et  saign6s. Les foies son t  
r ap idemen t  pr616v6s e t  homog6n4is6s dans  du b romure  
de N. c6tyl-N, N, N, t r i m 6 t h y l a m m o n i u m  ~ 0 ,1% pour  
la mesure  de l 'act ivi t6  de l ' a rg in inosuccinate  s y n t h & a s e  
et  de l ' a rg in inosuccinase  e t  dans  un mil ieu const i tu6 de 
9 g 1-1 de NaC1 et  de 6 g 1-1 de MnSo 4, 1 H~O pour  la 
mesure  de l 'act ivi t6  de l 'arginase.  Les act ivi t6s  enzyma-  
t iques  sont  mesur6es in vi t ro  selon I~ATNER 10 pour  
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