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inves t iga tors  do no t  give e x p e r i m e n t a l  deta i ls  such  as 
strain,  sex  and  we igh t  of t he  rats ,  and  the  n u m b e r  of 
expe r imen t s  pe r fo rmed ,  t hus  mak ing  more  diff icul t  an 
eva lua t ion  and  compar i son  of the i r  results .  

The  e x p e r i m e n t s  w i t h  t h y m e c t o m i z e d  ra ts  exclude  
fu r the r  a n y  ana logy  be tween  e n z y m e  induc t ion  and  
capac i ty  of i m m u n e  response,  t he  l a t t e r  be ing  grea t ly  
impa i red  in n e o n a t a l l y - t h y m e c t o m i z e d  ra ts  e,~. 

simile alla to l le ranza  i m m u n i t a r i a  nella s intes i  a d a t t a t i v a  
di ques to  enzima.  

E. BONETTI, A. P.  GUERZONI 
and  F.  STIRPE 

IstitUtO di Patologia Generale dell' Universit~ di 
Bologna (Italy), 22rid December 7966. 

Riassunto. La sommin i s t r az ione  di t r i p to fano  per  via  
endoper i tonea le  nei  p r imi  giorni di  v i t a  n o n  inf luenza  
l ' induzione  del la  t r i p to f ano  pirrolasi  nel  lega to  di r a t t o  
ad opera  del  t r i p to fano  o del  cor t i sone  s o m m i n i s t r a t o  a 
20-25 giorni di etb.. L ' induz ione  de l l ' enz ima  6 normale  in 
r a t t i  di 30 giorni  f imec tomizza t i  alla nasci ta .  Quest i  
r i su l ta t i  non  confe rmano  l ' es i s tenza  di un f enomeno  

6 B. G. ARNASON, B. D. JANKOVlC and B. M. VAKSMAN, in The 
Thymus in Immunobiology (Eds. R. A. Good and A. E. GABRXEL- 
SEN; Harper & Row, New York, 1964) p. 492. 
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Effect of D ,L-Glycera ldehyde  on Bacter ia l  Cells  
M e t a b o l i s m  

I t  is only  r ecen t ly  t h a t  e x p e r i m e n t a l  inves t iga t ions  
have  been  d i rec ted  to  the  p rob l em of t he  re la t ionsh ip  
be tween  ene rgy  m e t a b o l i s m  a n d  p ro te in  syn thes i s  
processes.  Resea rch  on an imals  and  neoplas t ic  cells has  
been  especial ly  conce rned  w i t h  glycolysis,  and  the  
ox ida t ion  of glucose in re la t ion to  the  incorpora t ion  of 
labelled aminoacids ,  t he  l a t t e r  be ing t a k e n  as an  index  of 
p ro te in  synthes is .  D-e-g lycera ldehyde  has  p roved  con- 
s iderab ly  useful  in these s tudies  ~,~ as i t  inh ib i t s  glycolysis  
a t  levels which  do no t  affect  oxidat ion .  L-glyceraldehyde,  
in fact ,  b inds  t he  d i - h y d r o x y a c e t o n p h o s p h a t e  w i th  t he  
fo rma t ion  of L - so rbos ium- l -phospha te ,  which  is a hexo-  
kinase inh ib i to r  8. 

I t  seemed of in te res t  to  ex t end  th is  s t u d y  to  bac te r ia l  
cells. I n  previous  inves t iga t ions  we have  observed  t h a t  
D-L-glyceraldehyde inhib i t s  t he  g rowth  of several  germs  4 : 
E.  coli 817 ISI,  E. coli ]3. 806 ISI, Salmonella typhi, 
P a m t y p h i  C, Bacillus subtilis, Staphylococcus aureus, 
Streptococcus pyogenes, Bvucella melitensis, Serratia 
marcescens. This inh ib i t ion  is shown  b y  a decrease  in the  
g rowth  ra te ,  up to a comple te  absence  of deve lopmen t ,  

which  is re la ted  to  t he  c o n c e n t r a t i o n  of D-L-glyceralde- 
h y d e  and  to  t he  t y p e  of m e d i u m  used. The  resul ts  ob- 
t a ined  in s tudies  w i t h  /L coli in cul ture  are s u m m a r i z e d  
in Table  I. 

The  effect  of D-L-glyceraldehyde on the  glycolysis  and  
ox ida t ion  as well as on the  leucine-C 14 incorpora t ion  has  
been  s tud ied  w i t h  E.  coli 806 I S I  ceils cu l t iva ted  in 1°/00 
glucose N u t r i e n t  Bro th ,  col lected in log phase  by cen±ri- 
fuga t ion  and  washed  3 t imes  in H~O. The W a r b u r g  
p rocedure  was  e mp l o y e d  for the  glycolysis  a n d  oxida t ion .  
The  leucine-C 14 incorpora t ion  was s tud ied  b y  col lect ing 
the  cells on Miilipore fi l ters and  measur ing  C 14 c o n t e n t  in 
c o u n t s / m i n  w i t h  a Nuclear  Chicago D47 f lowmeter .  The  
resul ts  are s u m m a r i z e d  in Tables  I I  a n d  I I I .  

I G. G. GUIDOTTI, A. FONNESU and E. CXARANm, Cancer Res. 21, 
900 (1964). 
E. CIARANFI and A. I~ONr~ESU, Atti Aeead. naz. Lincei Re. Serie 
VIII 33, 835 (1962). 

s H.A.  LAgDV, V. D. WIEBELHAUS and K. M. MAnn, J. biol. Chem. 
187, 325 (1950). 

4 C. CUTINELLI and F. GALDIERO, Atti XIII Congr. naz. Microbiol. 
Parma-Salsomaggiore (1965). 

Table I. Effects of D-L-glyceraldehyde on growth rate of E. coil at 37 °C without shaking 

D-e-glyceraldehyde Media 

Nutrient broth • G.G.Y. b Glucose minimal medium 

Growth rate in h -x % Growth rate in h -x % Growth rate inh  -1 % 

Control 0.015 100.0 0.021 100.0 0.015 100.0 
1.1 mM 0.015 100.0 0.022 100.0 0.008 53.3 
2.2 mM 0.015 100.0 0.019 86.0 0.000 0.0 
3.3 mM 0.013 86.3 0.006 27.2 - - 
4.4 mM 0.010 50.0 0.000 0.0 - - 
5.5 mM 0.007 46.6 . . . .  

The results are mean values of 5 experiments, a Nutrient broth 80/oo + NaC1 50/oo . ~ Glucose 10 g o/oo, glycine 20 g 0/oo, extract yeast g 1 o/oo. 
l o g x -  logx0 

o Medium as described by MONOD. The growth rate is calculated from MONOD : /~ , /2 = growth rate; x = density of cells 
at 't' time; x o = density at zero time. t log2 
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W e a k  concen t r a t ions  of  D-L-glyceraldehyde (0.05-0.1 
m M )  increase b o t h  the  resp i ra t ion  a n d  t h e  leucine-C 14 
incorpora t ion  cons iderably .  W h e n  only  glucose is p r e se n t  
the re  is a m a r k e d  increase in  resp i ra t ion ,  and ,  to  a lesser 
ex ten t ,  of leucine-C x4 incorpora t ion .  W h e n  b o t h  glucose 
and  a weak  concen t r a t i on  of D-L-glyceraldehyde are 
presen t ,  t h e  resp i ra t ion  a n d  the  leucine-C x~ incorpora t ion  
increase in t h e  same e x t e n t  as w h e n  only  D-L-glyceralde- 
h y d e  is p resen t .  

Middle  concen t r a t i ons  of  D-L-glyceraldehyde (0.66 m M )  
inh ib i t  t h e  endogenous  resp i ra t ion ,  t h e  glucose ox ida t ion ,  
and ,  to  a lesser ex t en t ,  t h e  leucine-C t4 incorpora t ion .  At  
h igher  concen t r a t i ons  (1.32 m M )  D-L-glyceraldehyde 
causes a cons iderable  r educ t ion  of t he  endogenous  
resp i ra t ion  and  on ly  s l ight  inh ib i t ion  of leucine-C 14 in- 
corpora t ion .  W h e n  glucose is a d d e d  the  resp i ra t ion  is 
s l ight ly  inh ib i t ed  (570-423%, t ak ing  the  basic  r esp i ra t ion  
as 100) and  the  leucine-C 14 incorpora t ion  is s l ight ly  

Table II. Effect of D-L-glyceraldehyde on respiration and aerobic incorporation of Leucine-C x4 

Cells Cells + D-L-glyceraldehyde 
0.05-0.1 mM 

Cells + glucose 10 mM Cells + glucose + 
D-L-glyceraldehyde 0.05-0.1 mM 

COs (/tl/h/mg cells -- 6.0 (100%) 
dry weight) 

Leucine-C t* 435 (100%) 
(cpm/mg cells dry weight) 

- -  22.4 (373%) -- 15,12 (252%) -- 25.5 (425%) 

1675 (385.5%) 455 (104.5%) 1630 (374.7%) 

Cells Cells + D-L-glyceraldehyde 
0.66 mM 

Cells + glucose I0 mM Cells + glucose + 
n-L-glyeeraldehyde 0.05-0.1 mM 

CO o {/tt/h/mg cells -- 5.62 (100%) -- 3,96 (70.4%) 
dry weight 

Leucine-C ~4 460 (I00%) 423 (92.0%) 
(cpm/mg cells dry weight) 

- -  32.5 (578.2%) -- 28.05 (499.1%) 

660 (143.4%) 638 (138.6%) 

Cells Ceils + D-L-glyceraldehyde 
1,32 mM 

Ceils + glucose 10 mM Cells + glucose + 
n-L-glyeeraldehyde 0,05-0.1 mM 

CO o (/zl/h/mg cells -- 5.7 (100%) -- 2.3 (40%) 
dry weight) 

Leucine-C 14 488 (100%) 353 (72.3%) 
(epm/mg cells dry weight) 

- -  32.5 (570%) -- 24.15 (423%) 

660 (135.2%) 587 (120.2%) 

Cells of E.  coli {10-15 mg, dry weight) were incubated at 37 °C for 60 rain in Krebs-Ringer phosphate containing 0.5/~moles of D-L-leucine-C 14 
(s.a,, 3,8 mc/mmole). Medium volume, 3 ml. Gas phase:air. The results are mean values of 3 experiments. 

Table l lI .  Effects of D-L-glyceraldehyde on glycolysis and anaerobic incorporation of Leueine-C 1~ 

Cells + glucose 10 mM Ceils + glucose i0 mM + 
D-L-glyceraldehyde 0.33 mM 

QCON~ (/~l/h/mg cells dry weight) + 54.5 (100%) + 55.5 102 % 
Leucine-C x4 {epmlmg cells dry weight) 577 (100%) 653 113.2% 

Cells + glucose 10 mM Cells + glucose 10 m M +  
o-z-glyceraldehyde 0,66 mM 

QCON z (/tllh/mg ceils dry weight) + 55.9 + 39.6 70.9 % 
Leucinc-C 14 (epmlmg cells dry weight) 535 447 82.3 % 

Cells + glucose 10 mM Cells + glucose 10 mM + 
D-L-glyceraldehyde 1,32 mM 

QcON~ (/tl/h/mg cells dry weight) + 56 + 32.3 57.7 % 
Leucine-C 14 (cpm]mg cells dry weight) 630 210 31.8 % 

Cells of E.  coli (10-15 mg, dry weight) were incubated at 37 °C for 60 rain in Krebs-Ringer bicarbonate containing 0.5/zmoles of D-L-leucine-C 14 
{s.a., 3.8 mc]mmoles}. Medium volume, 3 ml. Gas phase: 95% N~:5% CO B, The results are mean values of 3 experiments. 
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decreased (135-120%) (Table II) .  I t  m a y  be concluded 
tha t  under  aerobic  condi t ions  the  inh ib i t ing  effect  of 
D-L-glyceratdehyde, b o t h  on the  resp i ra t ion  and  the  
leueine-C 14 incorporat ion,  is v e r y  weak. U n d e r  anaerobic  
condit ions,  however ,  t he  p ic ture  is qu i te  di f ferent  
(Table I I I ) .  The  add i t ion  of  D-L-glyceraldehyde on ly  
results in absence of  fe rmenta t ion ,  w i th  no CO2 being 
produced.  

The addi t ion  of D-L-glyceraldehyde in weak  concentra-  
t ions (0.33 m M )  does no t  resul t  in a reduc t ion  of  gly- 
cotysis or  of leucine-C 1. incorporat ion,  b u t  m a y  even  
produce a s l ight  increase. 

Sl ight  inh ib i t ion  of glycolysis and  aminoac id  incorpora-  
t ion begins a t  concen t ra t ions  of  0.66 m M .  A t  h igher  
concent ra t ions  (1.32 m M )  of D-L-glyceraldehyde gly- 
colysis is reduced to abou t  a half, and the  leucine-C x4 
!ncorpora t ion  to a th i rd .  The  results  ob ta ined  in develop-  
mg cells and  in res t ing ceils are in agreement .  

Inves t iga t ions  are  cur ren t ly  in progress on the  inf luence 
of D-L-glyceraldehyde on R N A  cellular  synthesis  to 

es tabl ish a t  w h a t  level  the  inhibi t ion of pro te in  synthesis  
begins ~. 

Rias~unto. I n  aerobiosi  la D-L-gliceraldeide a no tevol i  
concent raz ioni  ha  una  l ieviss ima azione in ibente  sulla 
ossidazione del  glucosio e sutla incorporaz ione  di  leucina-  
C ~4. I n  condizioni  di anaerobiosi  invece la D-L-gliceraldeide 
in concent raz ioni  medie  inibisce n o t e v o l m e n t e  sic la 
glicotisi c h e l a  incorporaz ione  di leucina-C ~4. 

C. CUTINELLI and F. GALDIERO 

Institute o~ Microbiology, University o /Naples  
(Italy), 5th October 7956. 

This work was carried out with. the help of 'Consiglio Nazionale 
dene Ricerche' (CNR). 

T h e  P r e s e n c e  o f  a L - L e u c y l - f l - N a p t h y l a m i d e  

H y d r o l y z i n g  E n z y m e  i n  S n a k e  V e n o m s  

Al though  the  hydrolys is  of proteins  b y  snake venoms  
is well  recognized,  no ex tens ive  s t udy  has been carr ied 
ou t  on v e n o m  exopept idases .  The  inab i l i ty  of Crotalus 
atrox (Western  D i a m o n d b a c k  ra t t lesnake)  v e n o m  to 
hydro lyze  N-carbobenzoxyglycyl -L-phenyla lan ine ,  hip- 
puryl -e-arginine ,  and hippuryl-L-lysine,  lead BROWN1 tO 
the  conclusion t h a t  ca rboxypept idases  A and B were 
absen t  in this  venom.  Simi lar  conclusions were d rawn by  
WAGNER and PRESCOTT2 when N-carbobenzoxyglycyl -L-  
phenyla lan ine  and hippuryl - f l -oL-phenyl lac ta te  were no t  
hydro lyzed  by  4 ra t t l e snake  venoms.  I n  this  same 
inves t iga t ion ,  WAGNER and PRESCOTT found no evidence 
for a t rue  amino  pept idase.  

Recent ly ,  T u  e t  al. 8 s tud ied  the  di- and  t r ipep t ide  
hydro lyz ing  ab i l i ty  of 12 species of ra t t l e snake  and  8 
cobra  species. F r o m  this  s tudy,  i t  was concluded t h a t  
m a n y  of the  pept ides  hydro lyzed  by  these venoms  were 
those which would also be hydro lyzed  by  leucine amino 

pept idase.  Therefore,  the syn the t ic  subs t ra te  z-leucyl-fl- 
nap thy lamide ,  c o m m o n l y  used as a t e s t  for leucine amino  
pept idase,  was employed  in de te rmin ing  the  hydro lyz ing  
ab i l i ty  of a n u m b e r  of species f rom each family  of 
poisonous snakes. 

E n z y m a t i c  ac t i v i t y  was de te rmined  b y  a modif ied  
m e t h o d  of GOLDBARG and  RUTENBURG 4. A solut ion 
consist ing of 1 ml  v e n o m  (1 mg/ml)  was incuba ted  a t  
37 °C wi th  1 ml  of 0.02% subs t ra te  in 0,01 M phospha te  
buffer  p H  7.1 for 1 h. The  reac t ion  was s topped  b y  the  
addi t ion  of  1 ml  of 25% t r ichloroacet ic  acid. Fo l lowing  

1 j .  H. BROWN, U.S. Army Medical Research Laboratory, Report 
No. 622 (1965). 
F. W, WAONER and J. M. PRESCOTT, Comp. Biochem, Physiol. 
77, 191 (t966). 

s A. T, Tu, P. M. TOOK and D. S. MURDOCK, Animal Toxins (Ed. 
F. E. RUSSELL; Pergamon Press 1967), p. 365. 

4 j .  A. GOLDBARO and A. M. RUTENBURG, Cancer~ N.Y. 11, 283 
(195S). 
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