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p a l e m e n t  w i t h  t h e  microelect rode.  H o w e v e r ,  in  a smal l  
n u m b e r  of cells i t  was possible  to  record  r e a s o n a b l y  s t ab le  
m e m b r a n e  po t en t i a l s  (-40 to -65  mV) for severa l  min.  One 
neu rone  w i t h  a spike of 65 m V  was he ld  in good cond i t ions  
for a p p r o x i m a t e l y  45 min.  I n  t h e  p r e s e n t  s t u d y  only  ceils 
w i t h  m e m b r a n e  po t en t i a l s  over  - 40  m V  h a v e  been  includ-  
ed (13 cells). Glycine  e jec ted  w i t h  cu r r en t s  of 60-100 n A  
hype rpo la r i zed  t h e  m e m b r a n e  (2-8 mV) w i t h  a t i m e  course 
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Action of glycine on membrane potential (A), firing rate (B) and 
membrane conductance (C) of two different neurones of the meduila 
oblongata. A) Membrane potentiad (-41 mV, initially -50 mV) record- 
ed with a K-citrate electrode on a rectilinear ink recorder. Glycine 
(GLY) was ejected with a current of 80 nA from one barrel of an ex- 
tracellular 4 barrel micropipette. Duration of glycine ejeetiou is indi- 
cated by bar above trace. The horizontal broken line indicates the 
coupling artifact (4 mV) that was estimated after withdrawal of the 
intraeellular microelectrode from the cell. B) Ratemeter record of the 
firing rate (spikes]see) of the same neurone as A). Time 10 see for A) 
and B). C) Measurements of membrane conductance of another neu- 
rone by the injection of hyperpolarizing current pulses (2 nA) before, 
during and after administration of glyeine (100 nA) for approximately 
10 sec. Calibrations: 10 mV, time 20 msec. 

s imi la r  to  t h a t  obse rved  in  sp ina l  a n d  in Dei te r s '  neu-  
rones% 3,.s, lo Figure  A i l lus t ra tes  a h y p e r p o l a r i z a t i o n  b y  
glycine (80 nA) of a m e d u l l a r y  neu rone  wh ich  was f i r ing  
a t  a r a t e  of a p p r o x i m a t e l y  25 spikes/see.  The  hype rpo la r i -  
za t ion  was a c c o m p a n i e d  b y  comple te  depress ion  of f i r ing  
of th i s  neu rone  (Figure B). 

The  ac t ion  of glycine on  t he  m e m b r a n e  c o n d u c t a n c e  was 
s tud ied  in 5 cells. Glycine  r eve r s ib ly  r educed  t he  ampl i -  
t u d e  of t h e  p o t e n t i a l  change  p r o d u c e d  by  a hype rpo la r i z -  
Jug c u r r e n t  pulse passed  t h r o u g h  t he  record ing  e lec t rode  
(Figure C). Glyc ine  also b locked  t he  ac t ion  p o t e n t i a l  evok-  
ed b y  a n  in t race l lu la r  depola r iz ing  pulse  in two  cells. The  
a d m i n i s t r a t i o n  of glycine depolar ized  3 cells impa led  wi th  
KC1 electrodes  p r o b a b l y  due  to  t h e  d i f fus ion of chlor ide  
ions f rom t h e  record ing  electrode.  

Our  resu l t s  d e m o n s t r a t i n g  t h a t  glycine causes  a h y p e r -  
po la r i za t ion  and  a n  increase  in m e m b r a n e  c o n d u c t a n c e  
s u p p o r t  t he  hypo thes i s  t h a t  glycine is an  i n h i b i t o r y  t r ans -  
m i t t e r  s u b s t a n c e  in t he  m e d u l l a  ob longa ta .  However ,  i t  has  
ye t  to  be  shown  t h a t  p o s t s y n a p t i c  i n h i b i t i o n  of b r a i n  s t e m  
neu rones  is b locked  b y  s t r y c h n i n e  in the  same  m a n n e r  as 
t h e  h y p e r p o l a r i z a t i o n  b y  glycine. 

Zusammen/assung. M i k r o e l e k t r o p h o r e t i s c h  ve rab re i ch -  
tes  Glyc in  e rzeugt  eine H y p e r p o l a r i s a t i o n  u n d  eine Zu- 
n a h m e  der  Leif f / th igkei t  der  Z e l l m e m b r a n  yon  N e u r o n e n  
der  Medul la  oblonga/ ta  der  Ka tze .  Diese Ergebn i s se  un te r -  
s t i i t zen  die Hypo these ,  dass  Glyc in  die F u n k t i o n  einer  
h e m m e n d e n  l F b e r t r / g e r s u b s t a n z  im H i r n s t a m m  ha t .  
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Mechanism of Allyl Alcohol-Induced Hepatic Necrosis  

A l t h o u g h  al ly l  f o r m a t e  a n d  i ts  me tabo l i t e ,  a l ly l  alcohol,  
were shown  to  cause ex tens ive  p e r i p o r t a l  necrosis  ot t h e  
r a t  l ive r  more  t h a n  hal f  a c e n t u r y  ago 1 t he  b iochemica l  
m e c h a n i s m  of t h e i r  h e p a t o t o x i c  ac t ion  r e m a i n s  cent ro-  
vers ia l  ~-5. Recent ly ,  REES and  TARLOW s r epo r t ed  t h a t  
i n h i b i t i o n  of m i t o c h o n d r i a l  r e sp i r a t i on  in v i t ro  a n d  
b lockade  of p ro t e in  syn thes i s  b y  al lyl  f o r m a t e  d e p e n d  
upon  t he  n o n m i c r o s o m a l  e n z y m e  alcohol  d e h y d r o g e n a s e  
and  can  be  m i m i c k e d  b y  t he  m e t a b o l i t e  acrolein.  REds  
a n d  TARLOW ~ also conf i rmed  t h a t  a lcohol  dehyd rogenase  
is local ized in t h e  pe r ipo r t a l  regions  of t he  h e p a t i c  lobule  7 
a n d  p o s t u l a t e d  t h a t  t h e  p e r i p o r t a l  d i s t r i b u t i o n  of a l ly l  
f o r m a t e - i n d u c e d  hepa t i c  necrosis  resu l t s  f rom t he  a lkyla-  
t ion  of macromolecu les  b y  a me tabo l i t e ,  acrolein,  p roduced  
w i t h i n  pe r ipo r t a l  hepa tocy te s .  The  p r e s en t  s tud ies  p rov ide  
the  f i r s t  d i r ec t  ev idence  in v ivo  t h a t  a l lyl  a lcohol  causes  

p e r i p o r t a l  necrosis  t h r o u g h  t h e  cova l en t  b i n d i n g  of a 
m e t a b o l i t e  to  p e r i p o r t a l  hepa tocy te s .  

Methods. Male Sp rague -Dawley  r a t s  (200 g) were pre-  
t r e a t e d  e i t he r  w i t h  sal ine (0.5 m l  i.p.) or  w i t h  pyrazo le  
(375 m g / k g  i.p.) an  i n h i b i t o r  of hepa t i c  a lcohol  dehyd ro -  

1 j .  G, PIAZZA, Z. exp. Path,  Ther. 17, 318 (1915). 
2 H. ]~PPINGER, H. KAUNITZ and H. POPPER, Die ser6se Entziindung 

(Springer,  Vienna 1935). 
8 K. HEINEMANN, Beitr. path. Anat. 98, 545 (1937). 
4 H. ScH6~ and E. STEIDG Klin. Wschr. 35, 354 (1957}. 
5 W. EoEI~, The Liver (Ed. C" H. ROUILLER; Academic Press, New 

York 1964), ehapt. 26. 
6 K. R. REES and M. J. TARLOW, Biochem..I. 704, 757 (1967). 

N. J. GREENSERGER, R. B. COHEN and K. J. ISSELBACHER, Lab. 
Invest. 7g, 264 (1965), 
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Treatment (N) Time of killing (h) 

Concentration of bound radioactivity (pmoles/mg protein) 

Liver Lung Kidney 

Control (5) 08.00 119.5 ~ 36.7 
Pyrazole (2) 08.00 21.6 :~ 0.6 ~ 

Control (2) 24.00 80.2 • 10.2 
Pyrazole (2) 24.00 12.9 4- 0.4 �9 

Control (3) 06.00 80.2 4- 7.9 
Phenobarbital (3) 06.00 57.2 4- 2.8 

16.1 -4- 3.6 
11.2 4- 1.7 

10.5 ~= 0.9 
4.9 4- 0.5 ~ 

12.3 4- 0.8 
9.7 4. 0.6 

10.7 • 2.3 
4.2 i 0.8 

3.6 4. 0.9 
2.4 =~ O.3 

13.6 4. 1.5 
12.4 4. 1.o 

*Significantly different from controls at 5% level. Number of rats per group (N) given i n parentheses. 

genase s-l~ 2 hours  later  all ra ts  were given 14C-allyl 
alcohol (0.05 ml /kg  i.p. ; specific ac t iv i ty  2.46 mCi/mmole) ,  
and  were killed by  cervical  f rac tu re  8 or 24 h thereaf te r .  
In  ano the r  e x p e r i m e n t  ra t s  were p r e t r ea t ed  wi th  pheno-  
ba rb i t a l  (80 mg/kg  i.p.) 72, 48 and 24 h before r~C-allyl 
aIcohol admin i s t r a t i on  to  induce  microsomal  cy toch rome  
P-450 enzymes  in the  l iver lL ~2. For  au to rad iograph ie  
studies,  paraf f in  sect ions of liver, lung, and k idneys  ~a were  
coa ted  wi th  K o d a k  NTB-2  emulsion,  developed 4 weeks 
la ter  and  s ta ined  wi th  h e m a t o x y l i n  and  cos ine !  Since no 
p recau t ions  were  t a k e n  to  p r e v e n t  t he  ex t r ac t i on  of un-  
bound  radiolabeled ma te r i a l  in to  t he  organic solvents  
used to  p repare  the  paraf f in  sections,  i t  is a s smned  t h a t  
mos t  of t he  exposed  grains of t he  emuls ion ind ica te  radio- 
ac t ive  molecules cova len t ly  b o u n d  to the  t issue sections.  

To q u a n t i t a t e  the  a m o u n t  of a~C-a]]yl alcohol b o u n d  in 
liver, lung or k idney  the  t issues were homogen ized  in 4 
volumes of water .  P ro te ins  and  nucleic acids were precip-  
i t a t ed  b y  the  add i t ion  of an equal  vo lume of cold 20~o 
t r ichloroacet ic  acid. Af te r  5 ex t rac t ions  of t he  p rec ip i t a t e  
wi th  10 ml of ho t  m e t h a n o l  (60 ~ no s ignif icant  a m o u n t s  
of r ad ioac t iv i ty  could be r emoved  f rom the  pel le t  by  
fu r the r  m e t h a n o l  ext rac t ions .  Therefore,  it  is assumed 

t h a t  af ter  5 me t h an o l  ex t rac t ions  mos t  of the  r ad ioac t iv i ty  
associated wi th  the  pel le t  was covalen t ly  bound  to  macro-  
molecules.  The  pel le t  was dissolved in N a O H  (1,0 N) and  
al iquots  were t aken  for l iquid scint i l la t ion coun t ing  and  
pro te in  d e t e r m i n a t i o n  15. 

Results .  "Within 24 h a f te r  admin i s t r a t i on  ot ~4C-allyl 
alcohol t he  livers showed ex tens ive  per ipor ta l  necrosis  
(Figure la)  as repor ted  b y  o ther  inves t iga tors  1-G. In  
contras t ;  no necrosis was observed in t he  k idneys  and  

s H. THEOI~ELL and T. YONE~ANI, Biochem. Z. 338, 537 {1963). 
a D. LEST~, W. Z. KEOKOSKY and F. FELZ~NBERG, Q. J1 Stud. 

Alcohol 29, 449 {1968). 
lo L. GOLnB~RO and V. RYDBE~O, Biochem. Pharmae. 78, 1749 (1969). 
11 H. R ~ R ,  Arch. exp. Path. Pharmak. 235, 279 (1959). 
1.2 A. H. CONNEu and J. J. BURNS, Nature, Lond. 784, 363 (1959). 
1~ C. F. A. CULLING, Handbook o[ Histological Techniques, 2nd edn. 

(Butterworths, Washington, D. C. 1963), p. 25. 
~ R. BASERaA and D. MAI.A~alJD, Modern Methods in Experimental 

Pathotogy. Antoradiography. Techniques and Applications (Harper 
and Row, New York 1969), chapt. 2. 

15 A. G. GOR~ALI., C. J. BARDAWlLL and M. A. DAVlI), J. biol. Chem. 
177, 751 (1949). 

a) b) c) 
Fig. 1. Photomicrograph of paraffin sections from livers of rats killed 24 h after administration of allyl alcohol (0.05 ml/kg). Doses for prior 
treatments with saline, pyrazole or phenobarbital are given in text. Sections were stained with PAS and hematoxylin. X 80. a) Saline 
pretreatment. Necrotic hepatocytes surround 2 portal triated on left; normal cells surround eentrolobular vein in lower right corner, b) 
Pyrazole pretreatment. No necrosis is evident, c) Phenobarbital pretreatment. Periportal necrosis is similar to that ill saline pre- 
treated rats. 
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a) b) c) 
Fig. 2. Autoradiograms of livers of rats killed 6 h after administration of laC-allyl alcohol (0.05 ml/kg). Doses for prior treatments with 
saline or pyrazole are given in text. Paraffin sections were stained with hematoxylin and eosin. • 630. a) Saline pretreatment. Numerous 
exposed grains of emulsion representing tissue-bound Ir alcohol are concentrated in hepatoeytes surrounding a portal triad, b) Saline 
pretreatment. Relatively little radioactivity is observed in hepatoeytes surrounding a centrolobular vein. c) Pyrazole pretreatment. 
Compared with Figure 2a, the amount of radioactivity bound to periportal hepatocytes is markedly reduced. 

lungs af ter  l~C-allyl alcohol admin i s t ra t ion ,  taC-allyl 
alcohol was bound  in l iver to  the  ex t en t  ot 178 pmoles /mg 
pro te in  a t  8 h, whereas  abou t  half  t h a t  a m o u n t  was bound  
a t  24 h (Table). In  contras t ,  ve ry  l i t t le  b ind ing  was observ-  
ed in lung and kidney.  Au to rad iograms  d e m o n s t r a t e d  
t h a t  m o s t  of the  b ind ing  occurred in t he  per ipor ta l  zone 
of the  l iver (Figure 2a), whereas  re la t ively  l i t t le  radioac-  
t ive  mate r ia l  was localized in the  cent ro lobular  zone (Fi- 
gure 2b). 

Pr ior  inh ib i t ion  of the  nonmic rosomal  enzyme alcohoI 
dehydrogenase  ~6 by  pyrazole  comple te ly  blocked the  
hepa t ic  necrosis induced  by  14C-allyl alcohol (Figure lb) ,  
and reduced  by  over  80% the  a m o u n t  of radiolabeled 
mater ia l  bound  in the  l iver (Table). Au to rad iograms  con- 
f i rmed t h a t  pyrazole  admin i s t r a t ion  marked ly  reduced  
the  b ind ing  of ~4C-allyl alcohol ill pe r ipor ta l  hepa tocy t e s  
(Figure 2c). Pyrazole  admin i s t r a t i on  also decreased the  
b ind ing  in the  lung at  24 h b u t  did no t  s ignif icant ly  affect  
renal  b ind ing  of 14C-allyl alcohol (Table). I n  contras t ,  as 
previous ly  reported1% is, induc t ion  of microsomal  en- 
zymes by  admin i s t r a t ion  of phenoba rb i t a l  did no t  affect  
the  hepa to tox i c i t y  of l~C-allyl alcohol (Figure lc), and 
did no t  s ignif icant ly  a l ter  the  b ind ing  of the  tox in  in liver, 
lung or k idney  (Table). 

D i s c u s s i o n .  Al though  the  lung and  k idney  can meta -  
bolize ~aC-alcohol to  14CO~ in v i t ro  ~9, init ial  oxida t ion  of 
alcohols in vivo occurs ma in ly  in t he  l iver 2~ These facts  
provide  an exp lana t ion  for the  m u c h  smal ler  amoun t s  of 
~C-allyl  alcohol bound  in lung and  k idney  t h a n  in the  
liver. This  observa t ion  in t u rn  >uggests t h a t  t issue ne- 
crosis m a y  be de t e rmined  by  the  ex t en t  of covalent  b ind-  
ing, since no h i s topa tho logy  was observed ill the  lungs 
or kidneys.  The s tudies  w i th  pyrazole  indica te  t h a t  b o t h  
the  b ind ing  of l~C-allyl alcohol to l iver macromolecules  
and the  subsequen t  per ipor ta l  hepa t ic  necrosis are medi-  
a ted  by  a me tabo l i t e  of t he  alcohol. This  conclusion is 
compat ib le  w i th  the  hypo thes i s  t h a t  the  toxic  metabo l i t e  
is the  a ldehyde,  acrolein 4, 6. 

Some expe r imen ta l  hepa tox ins  produce  cent ro lobular  
ins tead of pe r ipor ta l  hepa t ic  necrosis 21. Centrolobular  

necrosis  induced  by  14C-bromobenzene admin i s t r a t i on  is 
bel ieved to be caused by  the  cova len t  b ind ing  of a 
chemical ly  react ive  me tabo l i t e  of b romobenzene  to pro-  
te ins  in cent ro lobular  hepa toeytes~-25 .  Bo th  the  b ind ing  
and  the  necrosis  are blocked by  pr ior  admin i s t r a t i on  of 
S K F  525-A (d ie thy laminoe thy l  d ipheny lp ropy l  acetate)  
and enhanced  by  phenoba rb i t a l  ~2, ,5, 2~ compounds  which  
block or induce,  respect ively ,  the  ac t iv i t ies  of microsomal  
cy toch rome  P-450 enzymes  l~, ~e, ~7 localized ma in ly  in the  
cent ro lobular  zone of the  l iver lobule 2s ~. Thus,  w i th  

is R. 2. IV[CMAHON, in Handbook of l~xperimental Pharmacology, 
Concepts of Biochemical Pharmacology, Part 2 (Eds. B. B. BRODIE 
and J. R. GILLETTE; Springer-Verlag, New York 1971), voh 28, 
ehapt. 51. 

17 B. B. BRODIE, W. D. REID, A. K. CHO, G. SIPES, G. KRISHNA and 
J. R. GrLLETTE, Proc HatH. Acad. Set. &8, 160 (1971). 

is W. D. REID, A. K. CHO, G. K~ISHXA and B. B. BRODIE, Pharmacol- 
ogist 12, 208 (1970). 

19 E. J. MASORO, H. ABRA~OVlTCH and J. R. BIRCHARD, Am. J. 
Physiol. 773, 37 (1953). 

20 W. W. WESTERFELD, E. STOTZ and R. L. BERG, J. biol. Chem. 74d, 
657 (1942). 

~1 C. H. ROUILLER, The Liver (Academic Press, New York 1964), 
chapt, 26. 

~3 W. D. REID, M. EICHELBAU~, B. CHRISTIE and B. B. BRODIE, Fedn. 
Proe. 30, 439 (1971). 

23 G. I{RISHNA, M. EICHELBAUM and W. D. REID, Pharmacologist 
13, 196 (1971). 

34 W. D. REID, B. CHRISTIE, M. ]~ICHELBAUM and G. KRISHNA, Exp1. 
molec. Path. 75, 363 (1971). 

25 W. ]J. REID, G. I~RISHNA, J. R. GILLETTE and B. B. BRODIE, in 
James Toman Volume and Symposium (Eds. R. GREENBERG and 
I7I. C. SABELLI; Raven Press, New York 1972), in press. 

3~ W. D. REID, B. CHRISTIE, G. KRISHNA, J. R. MITCHELL, Moskowitz 
and B. B. BRODIE, Pharmacology 6, 41 (1971). 

37 j.  AXELROD, J. REICHENTHAL and B. B. BRODIE, J. Pharmac. exp. 
Ther. 112, 49 (1954). 

38 p. C. BURGER and P. B. HERDSON, Anl. J. Path. 48, 793 (1966). 
39 L. W. WATTENBERG and J. L. LEONG, J. Histocheln. Cytochem. 10, 

412 (1962). 
so j .  KOUDSTAAL and 1~. J. HARDtaCK, Histoehemie 20, 68 (1969). 
3i j .  KOUI)STAAL and M. J. HARnONH, Histochemie 23, 77 (1970). 
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either allyl alcohol or bromobenzene, chemically reactive 
metabolites may produce hepatic necrosis by alkylating 
tissue macromoleculesi and the distribution of the binding 
and necrosis appears to be determined by the localization 
within the liver lobule of the enzymes which produce the 
toxic metabolites. These studies may be relevant to the 
mechanisms by which therapeutic agents occasionally 
produce liver necrosis and other tissue lesions in man. 

a2 I thank Mr. JOHN GEORGE, Miss KATHY LALUSH and Mrs. MARY 
ALICE LARSON for their expert technical assistance. 

Rdsumd. Ces recherches indiqnent que lu r6partition des 
16siGns n6crotiques produites chimiquement peut 6tre d6- 
termin4e par la localisation intrah6patique d'enzymes 
m6tabolisant les drogues, enzymes qui synth6tisent, duns 
les cellules off ils sont produits, les m6tabolites chimique- 
ment actifs capables d'alkylation des macromol6cnles. 

W. I).  REID a'a 

Laboratory o/ Chemical Pharmacology, 
National Heart and Lung Imlitute, 
Bethesda (A/[aryland 20014, USA), 1 March 7972. 

P r o t e i n  S y n t h e s i s  S t i m u l a t i o n  i n  Ra t  L i v e r  b y  C h l o r o q u i n e  

Chloroquine ~, a powerful antimalarial drug, produces a 
large number of biological effects, which reveals a di- 
versity of activities. Evidence has been obtained that  CQ 
acts on several cell sites, by binding to RNA, DNA and 
proteins 2-4 and by inhibiting many hydrolytic and re- 
spiratory enzymes ~. As a consequence of its large spectrum 
of interactions, an inhibition on cell replication and macro- 
molecular biosynthesis has been reported in bacterial and 
tissue cultures6, L That  CQ behaves as a cytostatic agent 
has been confirmed in our experiments on Yoshidu ascite 
cells, but we have also observed that, soon after CQ in- 
jection into normal rats, the incorporation of amino acids 
into liver proteins is enhanced. 

In fact, 4 h after an i.p. injection of 30 mg/kg body wt. 
of CQ in male albino Wistar rats (weighing about 150 g) 
the in vivo incorporation of leucine 1~C into liver proteins 
increases about 40% compared with controls. This stimu- 
lation is also observed in the liver post-mitochondrial frac- 
tions tested in a ceil-free assay system. 

A close dose-response relationship is present in a con- 
centration range of 15-45 mg/kg body wt.; doses above 
60 mg give frequent rise to toxic accidents. In t ime ex- 
periments this stimulation is appreciated within 60 min 
after the injection of the drug; it reaches its maximum 
effect after 4 h; and thereafter it slightly decreases. 

In separate experiments we observed that  both cytosol 
and pH 5-fraction prepared from CQ-treated rats are not 
able to stimulate the amino acid incorporation in the in 
vitro assay. Polysomes, however, are shown to be more 
active than those of the controls when tested for their en- 
dogenous mRNA (Table I). Polyuridylic acid-directed 
polyphenylManine synthesis was found to be lower in 
polysomes from treated rats and the ratio of the incorpo- 
ration values in absence and in presence of artificial mes- 
senger demonstrates that  less endogenous mRNA-free 
sites are available in CQ-polysomes. These results also 
correspond to the zonal sedimentation profiles, which show 
a larger fraction of heavier aggregates in CQ-treated rat  
liver polysomes. 

1 Expressed as CQ was purchased from Wintrop Lab. 
2 K. H. MVENCH, Cold Spring Harb. Symp. quant. Biol. 51, 539 

(1966). 
a S. CO~EN and K. YIELDING, Arthritis Rhemn. 7, 302 (1964). 
4 F. S. PARKER and J. L. IRVIN, J. biol. Chem. 199, 897 (1952). 
5 R. FIDBICK and H. HEATH, Nature, Loud. 213, 628 (1967). 
6 G. L. LANCZ, L. C. McLAREN, C. G. JAMES and J. V. SCALETTI, Proc. 
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Table I. Incorporation of 14C phenylalanine into proteins by the postmitochondriai fractions and polysomes isolated from rat liver at various 
time intervals after a single i.p. injection of 30 mg/kg body wt. of CQ 

Postmitochondrial supernatant Polysomes 

Time after injection Counts per min Counts per min Incorporation ratio 
mg of proteins mg of RNA 

- -  po ly  U + po ly  U + poly  U 

-- poly U 

Control (h) 2,380 100 26,150 58,150 2.24 
1 2,860 120 68,200 83,400 1.23 
4 3,420 144 113,750 121,800 1.07 

18 3,160 134 98,600 114,300 1.16 
24 2,730 114 81,000 92,500 1.14 

The complete system contained in 1 ml: 
Tris-HC1 pH 7.6 50 Mmole; MgCI~ 5 ~zmole; KC1 25 {xmole; fl-mercaptoetbanol 5 ~xmole;ATP 1 ~xmole; GTP 0.4 ~zmole; phosphoenolpyruvate 
10 vmole; phosphoenolpyruvatekinase 10 ~g; aminoacids 1~C 6.10 -~ v.mole each; 1~C phenylalanine (457 mCi/mmole) 1,6 MCi; cell sap 530 ~xl; 
polysomes 10 O.D.; polyuridylic acid 1000 Mg. In the experiments performed with the postmitochondrial supernatant the cell sap was omitted 
and 650 ~1 of the supernatant were used (total proteins 3 mg). After incubation for 30 rain at 37~ aliquots were absorbed onto paper disks 
and processed according to MANS and NOVELL112. 


