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of the specific ac t iv i ty  of methionine in the nonprotein 
nitrogen fraction. I t  is of interest  to compare their  turn-  
over rates with those found in our experiments.  While in 
our studies, progressively increasing t ime intervals be- 
tween injection and killing of the animal resulted in 
progressively decreasing turnover  rates, GAITONDE 
et al. 19 found no similar relationship and calculated a 
mean half-life for the proteins of 13.7 days ± 4.1 (s.d.). 
Although these authors carried out short in terval  ex- 
periments  comparable  in durat ion to ours, the relat ive 
constancy of the tu rnover  rate  found by the use of 
radioact ive  methionine makes one suspect that ,  with 
intracisternal  administrat ion,  mainly  the tu rnover  oI 
slowly metabolized brain proteins neighbouring the 
ventr icular  cavities was measured (see above). 

The finding of the different tu rnover  rates for the 
proteins of brain, l iver and muscle depending on the 
t ime interval  between adminis t ra t ion of lysine and 
sacrifice of the animal gives an indication of the meta-  
bolic inhomogenei ty  of the component  proteins. The 
turnover  rate  of l iver proteins also decreases with in- 
creasing exper imental  period despite the fact  tha t  this 
organ is re la t ively homogeneous containing about  60~o 
parenchymatous  cells. I t  is, therefore, not  surprising 
tha t  the same phenomenon is observed in an organ such 
as the brain which is characterized by a heterogeneous 
cell populat ion and in which the ratios of neuronal to 
nonneuronal  elements vary  markedly from one area to 
another.  The complexi ty  is considerable even within a 
'homogeneous '  part  of the brain such as the cortex, in 
which the proteins of the perikarya,  of the dendrites, of 
the glia, of the axons, and probably also some muco- 
proteins of the 'groundsubstance' ,  are all present. Each 
par t  of the brain contains proteins with high and low 
turnover  rates;  their quant i ta t ive  distr ibution is prob- 
ably different from par t  to part,  and from structure to 
structure. 

The growth increment  of mouse brain between the 
10th day of life and ma tu r i ty  is small. Nevertheless,  an 
indication of the mechanism of growth in brain and 
other  organs as well is given by the observation tha t  in 
young animals the absence of the slowly metabolized 
proteins is not associated with an increase in the turn-  
over rate of the fast '  fraction. The turnover  rate of the 
'fastest '  protein fraction is apparent ly  rapid enough so 
as not  to be changed significantly by the additional con- 
t r ibut ion due to the net  synthesis of protein in the grow- 
ing organ. A similar observation was made in an in- 
vest igat ion of rate of fa t ty  acid synthesis during 
growth, when no increase in the rate of deuter ium in- 
corporation was noted during the period of myelinat ion 2°. 

The incorporation of lysine into the proteins of an 
organ can be due to intracellular protein metabol ism or 
to synthet ic  processes associated with the replacement  
of dead cells. The lat ter  mechanism would imi ta te  a 
dynamic state in those organs in which the continuous 
death and replacement  of a considerable number  of cells 
is the rule, a s i tuation which does not  hold for the neu- 
ronal elements of the brain. I t  is very  unlikely tha t  the re- 
placement  of glial elements is fast enough to account  for 
the high turnover  rate of brain proteins. Thus, the rapid in- 
corporation of lysine and methiouine argues strongly for 
a dynamic state of brain proteins. Of part icular  interest  
in studies of protein synthesis and degradat ion are those 
fractions which have a par t icular ly  fast turnover .  The 
shortest  half-life t ime calculated for proteins of the 
whole brain was 2-8 days. This is somewhat  slower than  

20 H. W^ELSC~, W. M. SPERRY, and V. A. STOYAUOFF, J. biol. 
Chem. 140, 885 (1941). 

the fastest fraction of the liver, which, in the same ex- 
periments,  had a half-life t ime of 1.0 days (Table II). 
These figures give only an indication of the rapidity of 
the turnover  of some protein fractions of the two organs. 
If we take the values found for the microsomal proteins 
(which are probably also a mixture  of proteins of diffe- 
rent  turnover  rates), we find tha t  the rate of lysine in- 
corporation into this fraction is about  5 times higher 
than it is into the proteins of the whole homogenate 
(Table IV). I t  appears, therefore, that  certain protein 
fractions of the brain are renewed in a mat te r  of hours. 

Histochemical  and biochemical evidence for the parti- 
cipation of proteins in the functional ac t iv i ty  of brain is 
scarce 21. The findings reported in this summary  raise 
the significant question as to whether  the spectrum of 
rates of protein metabolism is the  secondary expression 
of the general energy and nutr ient  metabol ism of this 
organ, or whether  its var ie ty  and range contribute to a 
physiological basis for the functional capaci ty  of the 
central  nervous system. 

Zusammen]assung 

Mit Hilfe von isotopem Lysin wurde der Austausch 
yon freiem Lysin zwischen Blur und Gehirn, Leber und 
Muskel und die Umsatz ra te  der Eiweissk6rper dieser 
Organe best immt.  

Im Zusammenhang mit  den erhobenen Befunden wird 
die Funkt ion  der Blut -Hirnschranke and die Erneuerung 
der freien Aminos~uren und der Proteine im Gehirn und 
in anderen Organen er6rtert .  

il H. HYDEN, Aeta physiol. Seand. 6, Suppl. 17 (1943). - L. G. 
ABOOD and A, GEIGER, Amer. J. Physiol. 182,557 (1954). - R. V~Bx, 
Physiol. Bohemosloven. ¢, 397 (1955). 

C O G I T A T I O N E S  

T h e  B i o s y n t h e s i s  o f  P e n i c i l l i n  

By K. GANAPATHI* 

A theory  of biosynthesis of penicillin should define: 
(i) the immedia te  precursors par taking in the biosynthe- 
sis: (if) the way the precursor units react  mediated by 
enzyme systems to yield penicillin; (iii) the pathways of 
synthesis of these precursors themselves from the media 
const i tuents;  and (iv) the specific differences in bio- 
chemical terms between the poor penicillin-producing 
strains of Penicillium chrysogenum and the high yield- 
ing ones. The knowledge available at  present is far from 
complete. An a t t empt  is made here to marshal the data 
available and evolve a coherent picture which can form 
the basis for further  work. The significant facts that 
make the studies difficult are: (1) the biosynthesis oi 
peniciIlin by P. chrysogenum appears to  be of no special 
significance in the economy of the mould itself; (2) in the 
penicillin-producing phase, the mould synthesises only 
about  0.01 to 0.03% of its weight  of penicillin per hour; 
(3) even under  the best of conditions, the quantity oi 
penicillin produced is only 1 to 5% of the major media 
chemical used; and (4) the precursors t ha t  take part in 
penicillin biosynthesis are used extensively for other 
synthet ic  activities, such as the formation of cellular 
proteins. 

* Antibiotics Research Centre, Hindustan Antibiotics (Private) 
Ltd., Pimpri, Poona District (India). 
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General M e c h a n i s m  and I m m e d i a t e  Precursor  Uni ts  

After c r i t ica l ly  e x a m i n i n g  the  publ i shed  work  and  t h e  
actual p l an t  pract ices ,  t he  a u t h o r  f o rmu la t ed  x as a work-  
ing hypothes is  t h e  fol lowing course  of  e v e n t s  as occur -  
ring in t he  b iosyn thes i s  of benzy l  penic i l l in  (VI) b y  the  
mould f rom the  i m m e d i a t e  precursors  (I, I I  or  III, 
IV and V). 

I t  is appa ren t  t h a t  penici l l in  b iosynthes i s  is connec ted ,  
directly or  indi rec t ly ,  wi th  the  m e t a b o l i s m  of a m i n o  
acids as has  also been  observed  by  o thers  in a genera l  
way ~. In  penici l l in  f e rmen ta t i on ,  we h a v e  (i) an  ea r ly  
growth phase  w h e n  the re  is a r ap id  mu l t i p l i ca t ion  of t he  
myeelium, i n v o l v i n g  the  synthesis ,  a m o n g  o the r  things,  
of the ent i re  ce l lu lar  p ro te in  ma te r i a l  wi th  v e r y  l i t t le  
production of penici l l in ; and (ii) the  penic i l l in -producing  
phase, when  the  mul t ip l i ca t ion  of the  mou ld  takes  place 
only to a l imi ted  e x t e n t  =. I n  the  l a t t e r  phase,  there  
would be some synthesis ,  t hough  a t  a much  reduced  ra te ,  
of fresh ce l lu lar  ma te r i a l  and  t h e  decay  of some myce l i a  
already presen t  ; in addi t ion ,  a d y n a m i c  exchange  of the  
amino acids  f rom t h e  me tabo l i c  pool  w i th  those  of the  
cellular p ro te ins  is atso p r o b a b i y  t a k i n g  place since 
there is an  inco rpora t ion  in to  cell  pro te ins  of added  
labelled amino  acids  a f te r  the  g rowth  phase,  and  also a 
change in the  n i t rogen  c o n t e n t  of the  m y c e l i u m  in the  
course of t ime.  B u t  the  need  for t he  a m i n o  acids in th is  
second phase  for cell  p ro te in  synthes is  wou ld  be much  
less than  in t h e  g rowth  phase  and  hence  the  app rop r i a t e  
ones would  be  ava i l ab le  for penic i l l in  synthesis .  

That  L-cysteine-(I)  ( reduc t ion  p roduc t  of  L-cystine) is 
a direct p recursor  and  is i nco rpo ra t ed  i n t ac t  in to  peni-  
cillin (as a toms  3, 4, 7, 6, 8 in VI) has  been f i rmly  es tab-  
lished by  the  o u t s t a n d i n g  work  of ARI~STEIN et el. 4 and  
by STEVENS et al.L The  s tudies  on the  incorpora t ion  of 
labelled D--, L-- and DL--valine added  to  t he  m e d i u m  in to  
the penicil l in molecule  h a v e  shown e t h a t  (i) t he  ca rbon  
skeleton of r e l i n e  is i nco rpo ra t ed  i n t a c t ;  (ii) the  amino  
group of va l ine  is n o t  i nco rpo ra t ed ;  and  (iii) L-valine is 
used at  a fas ter  r a t e  t h a n  the  D-form.  Since the  configur-  
ation at  C~ of penic i l l in  is D, i t  is v e r y  probable  t h a t  the  
non-nitrogenous precursor  of val ine,  d i m e t h y l p y r u v i c  

1 K. GANAPATm, Antibiotic Symposium (Pimpri), March 28 
(1956) (under publication). 

F. T. WOLF, Arch. Biochem. 16, 143 (1948). - P. L. N. RAO 
and R. VENKATARAMAN, Exper. 8, 350 (1952). - A. J. H. PVLE, J. 
gen. Microbiol. 11, 191 (1954). 

3 H. KOFFLER, R. L. EMERSON, D. PERLMAN, and R. H. BURRIS, 
J. Bact. 50, 517 (1945). 

4 H. R. V. ARNSTE~N and P. T. GRANT, Biochem. J. 57, 353 
(1954); Biochem. J. 57, 360 (1954). 

5 C. M. STEVENS, E. INAMINE, and C. W. DE LON¢, J. biol. Chem. 
219, 405 (1956). - C. M. STEVENS, P. VOHRA, and C. W. DE LONG, 
J. biol. Chem. 211, 297 (1954). 

s H. R. V. ARNSTEIN and M. E. CLUBB, Biochem. J. nO, XXXIV 
0955). - R. PRATT and J. DVFRENOY, J. Antibiotics (Lippincott) 
1553, 91. 

ac id  (II) or the  closely re la ted  d ihyd roxy i sova l e r i c  
acid (III), is the  o ther  immed ia t e  p recursor  for penic i l l in  
synthesis .  T h a t  pheny lace t i c  acid (V) is also an  im-  
med ia t e  precursor  has been def in i te ly  p r o v e d L  The re  
remains  then  on ly  the  n i t rogen  a t o m  5 to  be  a c c o u n t e d  
for. No expe r imen ta l  d a t a  is ava i lab le  i nd i ca t i ng  the  
source  of this  n i t rogen a tom.  But ,  on ana logy  wi th  the  
b iosyn the t i c  mechanisms  invo lved  in t he  b iosyn thes i s  
of the  pur ines  s, we can suggest  as possible precursors  
e i the r  a m m o n i a  as such, or  more p robab ly  the  a m i n o  
group  dona t ing  amino  acids, such as g lu tamine ,  a spara -  
glue, g lu t amic  acid  or  aspar t ic  acid. I f  g l u t a m i c  acid,  
arginine,  his t idine,  etc. d i rec t ly  s t imula te  penici l l in  as 
r epor t ed  s, t hen  these amino  acids m a y  p r e s u m a b l y  ac t  
by  dona t ing  the  n i t rogen a t o m  5. 

Penici l l in  appears  to be synthes ized  wi th in  the  cells 
and  then  excre ted  out  in to  the  metabo l ic  fluid. So the  
i m m e d i a t e  precursors  will also be syn thes ized  wi th in ,  
or  in case t h e y  are  ava i lab le  in the  m e d i u m  itself,  t h e y  
should  get  an  e n t r y  in to  the  cell, and  then  be m a d e  use 
of for the  synthes is  of penicil l in.  

In teract ion  o/ Precursor Uni ts  

W i t h o u t  being specific a b o u t  the  exac t  sequence  of t he  
reac t ions  for which there  are a n u m b e r  of possibi l i t ies ,  
penici l l in  b iosynthes is  f rom the  four  precursors  as def ined  
a b o v e  can be pos tu la t ed  to  proceed as i nd ica t ed  p. 174. 

The  conf igura t ion  D a t  C~ of penici l l in  is p r o b a b l y  
fo rmed  when  t h e  cycl i sa t ion  t akes  place.  T h e  o x i d a t i v e  
(dehydrogenat ion) .  eyc l i sa t ion  in the  l as t  s tep  m a y  be  
a s impl i f ied  vers ion  of w h a t  exac t l y  m a y  be t a k i n g  place.  
The  pep t ide  and amide  fo rmat ions  m a y  c o n c e i v a b l y  
invo lve  the  pa r t i c ipa t ion  of pept idases ,  c o e n z y m e  A, 
and A T P  1°, ROLINSON 11, a f te r  s t u d y i n g  the  ac t ion  of 
va r ious  inh ib i to rs  of enzymes  in the  m e t a b o l i s m  of P .  
chrysogenum,  has concluded,  w i t h o u t  spec i fy ing  t h e  
e x a c t  s teps i nvo lved  t h a t  penic i l l in  b iosynthes i s  inc ludes  
t he  u t i l iza t ion  of p h o s p h a t e  bond  ene rgy  and  also a 
cyan ide  sens i t ive  e n z y m e  ( involv ing  an  ox ida t ion)  for 
the  synthes is  to proceed on a t  a m a x i m u m  ra te .  

A v a i l a b i l i t y  or Syn thes i s  o / t h e  I m m e d i a t e  Precursors  

Of the  i m m e d i a t e  precursors ,  p h e n y l a c e t i c  acid  is 
ac tua l ly  added  to  t h e  m e d i u m  as such,  because  the  ex-  

70. K. BEHRENS, J. CORSE, R. G. JoNEs, E. C. KLEIDERER, 
Q. F. SOPER, F. R. VAN AB/~ELE, L. M. LARSON, J. C. SYLVESTER, 
W. J. HAINES, and H. E. CARTER, J. biol. Chem. 175, 765 (1948). - 
O. K. SEBEK, Proc. Soc. exp: Biol. Med. 84, 770 (1953).- M. GORDON, 
S. C. PAN, A. VIROONA, and P. NUMEROF, Science 118, 43 (1953). 

8 B. LEVENBERG, S. C, HARTMANj and J.M. BUCHANAN, Fed. 
Proc. 14, 343 (1955). - J. C. SONNE, I. L~N, and J. M. BUCHANAN, 
J. biol. Chem. 220, 369 (1956). 

9 j .  T. WOLF, Arch. Biochem. 16, 143 (1948). - A. G. C. WroTE, 
L. O. KRAMPITZ, and C. H, WERKMAN, Arch. Biochem. 8, 303 (1945). 

lo G. EHRENSV;~RD, Ann. Rev. Biochem. 24, 294 (1955}. 
11 G. N. ROLINSON, J. gen. Microbiol, 11,412 (1954}. 



174 Informations - hfformazioni [EXPERIENTIA VOL. XlII/4] 

COOH 
1 + Ph.CHa-COOH (V) 

HS-CH~.CH.NH~ 
L - -  HzO 

I 

H%C-C.O H 
NH,-CO + it 

t Me=C (II) 
HS.CH2-CH.NH.C0.CHzPH ~. 

L - H~O 

D 
HOOC.CH--NH--CO 

Me2C CHz--CH-NH.CO-CHa-Ph 

S 

t e n t  of  c o n v e r s i o n  of  p h e n y l a l a n i n e  to  p h e n y l a c e t i c  ac id  
b y  t h e  m o u l d  c a n n o t  m e e t  t h e  n e e d s  of pen ic i l l in  s y n -  
thes i s  b y  t h e  h i g h  y i e ld ing  s t r a ins .  Of  t h e  m e d i a  con-  
s t i t u e n t s ,  c o r n  s t eep  l i quo r  or  t h e  p r o t e i n s  w h i c h  ge t  
h y d r o l y z e d  to  t h e  v a r i o u s  a m i n o  ac ids  b y  t h e  p r o t e o -  
ly r ic  e n z y m e s  of  t h e  mould ,  a re  r e a d y  sou rces  of L- 
c y s t e i n e ;  b u t  t h e  e x a c t  q u a n t i t i e s  a v a i l a b l e  t h u s  r e a d y -  
m a d e  d e p e n d  u p o n  t h e  c o m p o s i t i o n  of t h e  m e d i a  used.  
O n  t h e  o t h e r  h a n d ,  in  a s y n t h e t i c  m e d i u m ,  w i t h  n i t r a t e  
or  a m m o n i u m  ions  as  t h e  n i t r o g e n  source ,  w i t h  l ac tose ,  
glucose,  l a c t a t e  o r  a c e t a t e  as  t h e  c a r b o n  source ,  a n d  
s u l p h a t e  as  t h e  s u l p h u r  source ,  cys te ine ,  as  a lso t h e  
v a r i o u s  o t h e r  a m i n o  acids,  a r e  a c t u a l l y  s y n t h e s i z e d  b y  
t h e  mou ld .  E v e n  w h e n  c o r n  s t e e p  l i quo r  o r  p r o t e i n  
c o n t a i n i n g  m e d i u m  is used ,  one  c a n n o t  r u l e  o u t  t h e  
pos s ib i l i t y  of s y n t h e s i s  of  t h e s e  a m i n o  ac ids  b y  t h e  
mould .  T h e  fo l lowing  c o m p o u n d s  h a v e  b e e n  r e p o r t e d  
t o  be  u t i l i zed  for  t h e  s y n t h e s i s  of L-cys te ine  b y  P.  chryso- 
genum: f o r m a t e  x~, g lyc ine  ~s, se r ine '% c y s t a t h i o n i n e  ~ ,  
m e t h i o n i n e  x~ a n d  s u l p h a t e  ~. A l t h o u g h  o u r  k n o w l e d g e  
of t h e  m e c h a n i s m  of f o r m a t i o n  a n d  m e t a b o l i s m  of t h e  
a m i n o  acids ,  e v e n  w h e r e  i n t e n s i v e l y  s t u d i e d  x~, is s t i l l  
in  a n e b u l o u s  s t a t e  s u g g e s t i n g  m a n y  poss ib i l i t ies ,  t h e  
fo l lowing  course  of s y n t h e s i s  of L-cys te ine  in  P.  chryso- 
genum a p p e a r s  to  b e  v e r y  p r o b a b l e .  

I t  m a y  n o t  b e  t h a t  t h e  e n t i r e  s e q u e n c e  h a s  t o  be  g o n e  
t h r o u g h ;  t h e  m o u l d  m a y  use  u p  w h a t e v e r  i n t e r m e d i a t e  
is a v a i l a b l e  f r o m  t h e  m e d i u m  a t  t h e  t i m e  of  s y n t h e s i s .  
T h e  f o r m a t i o n  of  g lyc ine  a n d  f o r m a t e  t h e m s e l v e s  is 
s t i l l  i n  q u e s t i o n  a t  p r e s e n t  for  l ack  of prec ise  i n f o r m a t i o n .  

12 E. MARTIN, J. BERKY, C. GODZESKI, P. MILLER, J. TOME, 
and R. W. STONE, J. biol. Chenl. 203, 239 (1953). 

xa H. R. V. ARNSTEIN and P. T. GRANT, Biochem. J. 57, 353 
11954). 

14 C. M. STEVESS, P. VotmA, J. E. MooRE, and C. W. DE LONC, 
J. biol. Chem, 2t0, 713 (1954). 

is C. M. STEVENS, P. VOIIRA, E. INAMINE, and O. A.ROUOLT, Jr., 
J. biol. Chem. ,~05, 1001 (1953). 

16 M. GORDON, P. NUMEROF, and S. C. PAN, J. Amer. chem. Soc. 
76, 4037 (1954). - E. LESTER-SMITH and D. J. D. HOCKENKULL, 
J. applied Chem. 2, 287 {1952). 

17 G. EHRENSVARD, Ann. Rev. Biochem. 24, 275 (1955). 

Formate  Glycine 

Serine 

lS H. R. V. ARNSTEIN and P, T, GRANT, Biochem. J, 57, 360 
(1954). 

19 F. V. SOLTERO and M. J. JoHusoN, Applied Microbiol. 2, 41 
(1954). 

s0 M. STRASSMAN, A. J .  TttOMAS, and S. WEImIOUSE, J. Amer. 
chem. Soc. 77, 1261 (1955). 

21 M. E. RAFELSON, J. Amer. chem. Soc. 77, 4679 (1955}. 
2~ B. S. STRAUSS, J. gen. Microbiol. 14, 494 (1956). 
ua E. A. ADELBERG and E. L. TATUM, Arch. Biochem. 29, 235 

(1950). - E. A. ADELBERG, J. Amer. chem. Soc. 7a, 4241 (1954). 

Methionine ~ Sulphate  

Homocysteine ~ 

COOH 
[ + R-NH 2 (IV) 

H S.CH~.CH-NH-CO.CHzPh ~* 
L - R-OH 

HOOC-C~- ....... NH-CO 

II 1 Cyclisation Me~C CH~-CH.NH-CO.CHzPh _ _  
/ L 

HS 

- 2 [ H I  
Penicillin G 

Cyclisatien (VI) 

ARNSTZlN Is h a s  a lso v i sua l i zed  a pos s ib i l i t y  of fo rmat ion  
of L-cys te ine  f r o m  p y r u v i c  acid ,  s u l p h a t e  a n d  ammonia ,  
w h i c h  is a v e r y  a t t r a c t i v e  t h e o r y  owing  

CHa.CO.COOH + SO~ + NH 3 ~ HS-Ctt2-CH-COOH 
I 

(i) NH~ 
to  w h a t  fol lows in  t h e  sequel .  I t  is n o t  u n l i k e l y  t h a t ,  for 
pen ic i l l in  f e r m e n t a t i o n ,  L-cys te ine  is m a d e  a v a i l a b l e  by 
m o r e  t h a n  one  w a y - - d i r e c t l y  as  s u c h  f r o m  t h e  proteins 
a n d  co rn  s t e e p  l iquor ,  a n d  b y  s y n t h e s i s  f r o m  carbon, 
n i t r o g e n  a n d  s u l p h u r  sources .  D i m e t h y l p y r u v i c  acid (or 
d i h y d r o x y i s o v a l e r i c  acid) m a y  b e c o m e  a v a i l a b l e  either 
f r o m  v a l i n e  (of t h e  p r o t e i n  o r  c o r n  s t eep  of  t h e  medium) 
b y  d e a m i n a t i o n  or  t r a n s a m i n a t i o n ,  or  b y  t h e  synthesis  
f r o m  a c a r b o n  source ,  v i a  p y r u v i c  acid.  T h a t  t h e  first 
p o s s i b i l i t y  exis ts ,  h a s  b e e n  s h o w n  b y  t h e  incorpora t ion  
of t h e  c a r b o n  s k e l e t o n  of a d d e d  v a l i n e  i n t o  penicillin 
molecule .  JOHNSON 19 h a s  s h o w n  in  h is  expe r imen ta l  
f e r m e n t a t i o n s  t h a t  a c o n t i n u o u s  feed of g lucose  gives 
r ise to  h i g h  t i t r e s  of  penic i l l in .  F r o m  t h e  f ac t  t h a t  during 
t h e  p e n i c i l l i n - f o r m a t i o n  p h a s e  t h e r e  is u t i l i z a t i on  of 
l ac tose  or  glucose,  i t  is v e r y  l ike ly  t h a t  t h e s e  precursor 
ac ids  n or  I I I  a r i se  f r o m  t h e  c a r b o h y d r a t e s  to  a major 
e x t e n t .  I t  h a s  b e e n  s h o w n  in  a v e r y  c o n v i n c i n g  way  in 
t h e  case  of Torula utitis ~°, Aerobacter aerogenes 21 and 
Neurospora crassa 2~ t h a t  d i m e t h y l p y r u v i c  ac id  or  di- 
h y d r o x y i s o v a l e r i c  ac id  ~8, w h i c h  s e rve  as  t h e  precursors 
of va l ine ,  a r i se  f r o m  p y r u v i c  ac id  b y  t h e  condensa t ion  
w i t h  i t s  d e c a r b o x y l a t e d  p r o d u c t ,  a c e t a l d e h y d e .  The 
e n t i r e  course  of  f o r m a t i o n  of t h e  p r e c u r s o r  ac ids  from 
t h e  bas ic  c a r b o h y d r a t e s  a n d  also t h e  o t h e r  metabol i tes  
cou ld  b e  f o r m u l a t e d  as fo l lows:  

Cystathionine 

L-Cysteine (I) 
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HMP = 
EMP = 
DVI" = 
KC = 

Lactose 

KC 

HMP DPT 
/ /  \ carboxylase 

Glucose CH,-CO.COOH 1" CH3,CHO 
-,, EMP / 

Acetate ¢, Oxalacetic 
acid 

Cysteine 1 
Alanine 

Glycine 1- Serine 

Glycerol ] 
Lactic acid 

Hexosemonophosphate pathway; 
EMBDEN -- MEYERHOFIY -- PARNAS pathway; 
Diphosphothiamine; 
KREBS tricarboxylic acid cycle, 

The key position of pyruvic acid in the biosynthesis is 
evident. In  addit ion to its genesis from sugars, i t  can also 
arise by other pathways as shown above x7 and these may  
operate in penicillin synthesis when glucose is not  
available and other substrates are supplied. I t  is of in- 
terest to note tha t  corn steep liquor is very rich in alanine 
which by deaminat ion can give rise to pyruvic acid, and 
also in lactic acid which can be oxidized to pyruvic acid. 

Penicillin Production by M a n y  Moulds and Strains 

Mthough penicillin possesses a unique structure, it is 
not a unique product of mould metabolism. Almost all 
strains of Penicil l ium notatum or chrysogenum, 25 Peni- 
cillia, 7 Aspergilli, and a few more unrelated moulds, 
produce penicillin, although the na ture  of the penicillins 
vary and the quant i t ies  produced are low. The fact tha t  
the precursors we have identified are quite common ones 
met with in any amino acid metabolic pool, explains the 
fairly wide occurrence of penicillin in the metabolic 
fluids of moulds. The factor restricting the synthesis of 
penicillin to the microorganisms mentioned above may 
variously be, the non-avai labi l i ty  of the appropriate 
precursors at  the moment  of synthesis, the absence of 
the enzyme system in the microorganisms tha t  effect the 
condensation of the precursor units,  avai labi l i ty  of other 
pathways which proceed with greater degree of ease, and 
the failure to obta in  conditions tha t  are optimal for 
penicillin synthesis, such as the neutral  pH or low rate 
of multiplication of the mould. 

Coming down to the narrow range of P. chrysogenum, 
the differentiation in specific biochemical terms of the 
high yielding strains evolved from the wild strains by  a 
series of steps involving t r ea tment  with mutagenic 
agents and selection, from the wild type poor penicillin- 
producing ancestors, is an intr iguing problem. As 
contrasted with the genetic block in the synthet ic  steps 
leading to the accumulat ion of new compounds in the 
well-known cases of neurospora and some bacterial 
mutants, what  we meet with in the case of P. chryso- 
tenure is the more intense synthesis of a compound al- 
ready being produced by the parent  strain. IBACKVS and  
STAUFFER ~4, in reviewing their  entire s train selection 
program leading to the development of strains of 
superior penicill in-producing power, conclude tha t  'a  
more or less progressive decline in the vegetative and 
reproductive vigour of the strains has accompanied the 

24 M. P. BACKUS and  J .  F. STAUFFER, Mycologia 47, 446 (1955). 

acyloin condensation 

HOOC.C.(OH).CH 3 

1 
CHa.CO 

HOOC'C(OH).CH 3 

t 
CHa.CH-OH 

HOOC-CH-OH 

I 
(CH,)2C-OH 

(III) 

+ SO~ + NH 3 

HOOC.CO 

, 1 
(CH~)~CH 

(II) 

-)- HS.CH,.CH.COOH 
1 

NH~ 

(i) 

increase in capacity to produce the antibiotics '  ; this m a y  
be interpreted to mean the slowing down of the rate of 
synthesis of the mould constituents and making available 
for penicillin synthesis more of the appropriate substrates.  
This explanation, also propounded by FOSTER 25, appears 
to be the only generally plausible one at  present, though 
the details have to be elucidated. 

Zusammen/assung 
Auf der Grundlage einschlAgiger Ver6ffentlichuugen 

wird ein Mechanismus flir die Biosynthese des Benzyl- 
penicillins angegeben, welcher dessen unmit te lbare  Vor- 
stufen und  ihren Aufbau sowie die zur Bildung des 
Benzylpenicillins fiihrende Reaktionsfolge festlegt. Da- 
nach erscheinen als unmit telbare Vorstufen L-Cystein, 
Dimethylbrenztraubensiiure oder Dihydroxyisovalerian- 
s~ure, Ammoniak  oder die Aminogruppe yon Amino- 
siiuren und Phenylessigs~ure. Die Vereinigung dieser 
Vorstufen zu Benzylpenicillin vollzieht s ich unter  Bil- 
dung dreier Pept idbindungen und eines mit  Dehydrie- 
rung verkntipften Ringschlusses. Ftir den Aufbau des 
L-Cysteins wird ein Reaktionsschema vorgeschlagen, 
welches der bei der Biosynthese beobachteten Aufnahme 
yon Ameisens/iure, Glycin, Serin, Methionin und  
Schwefelsgure in das Penicillinmolekiil Rechnung tr~gt. 
Die Ents tehung yon Dimethylbrenztraubensgure  oder 
DihydroxyisovaleriansAure wird auf eine Azyloinkon- 
densation yon Brenztraubens/iure mit  Azetaldehyd und 
nachtr~igliche Umlagerung des Reaktionsproduktes zu- 
riickgefiihrt. Die Tatsache, dass die festgestellten Vor- 
stufen allgemein verbreitete Stoffwechselprodukte sind, 
gibt eine wahrscheinliche Erkl~rung ftir die ]3ildung 
yon Penicillin durch verschiedene Spezies yon Peni- 
cillium, Aspergillus und anderen Pilzen. Die noch nicht  
v611ig gekliirten biochemischen Unterschiede zwischen 

25 j .  w .  FOSTER, Chemical Activities o/Fungi (Academic Press, 
New York 1949), p. 246. 
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St~immen mit  hoher und niedriger Penici l l inproduktion 
lassen sich vielleicht darauf zurfickfiihren, dass bei 
ersteren gr6ssere Mengen der unmit te lbaren  Penicillin- 
vorstufen oder ihrer Vorl~ufer zur Verfiigung stehen, 
welche bei letzteren zur F6rderung des Wachstums und 
der For tpf lanzung der Pilze dienen. 

E X P E R ~ I E N T I A  M A I O R U M  

H u n d e r t  J a h r e  S c h w e i z e r - R e a g e n s  

Im  Jahre  1857 publizierte EDUARD SCHWEIZER 1, Pro- 
fessor fiir Chemic an der Universi tEt  Zfirich, eine Notiz  
in der Viertel jahrsschrift  der Naturforschenden Gesell- 
schaft  Ziirich (Jahrgang 2, 395-398), bet i te l t :  Das 
Kup[eroxyd-Ammoniak,  ein Au]ldsungsmittel [fir die 
P[lanzenjaser. Darin wird ausgeliihrt,  wie gereinigte 
Baumwolle  in der blauen Fliissigkeit unter  Verquellung 

aufgel6s t  wird und nachher durch Ans~uerung mit  Salz- 
s~ure wieder ausgef~llt werden kann. Dami t  war  das 
sp~ter technisch I/Jr die Herstel lung yon Kupferseide 
ausgeniitzte Verfahren vorgezeiehnet.  SCHWEIZF.R war 
sich der grossen Bedeutung seiner Entdeckung offenbar 
volI bewusst, denn er liess seine Notiz im gleichen Wort-  
laut  fast gleichzeitig im Journal  Iiir Praktische Chemie 
[72, 109 (1857)] erscheinen, wo indessen ausdri~cklich er- 
w~ihnt ist, dass es sich um einen Nachdruck aus der 
Zfircher Vierteljahresschrift  handett.  

Wie SCHWEIZER die zelluloselSsende Eigenschaft  der 
Kupferoxyd-AmmoniaklSsung entdeckt  hat,  wird nicht  
n~iher ausgeffihrt. Doch darf man annehmen, dass ibm 
die LSsung seine Papierfi l ter  zerst6rt hat. Im  Vorjahre 
ha t te  er im Journal  fiir Praktische Chemie [67, 430 
(1856)] Ober das unterschwe[elsaure Kupferoxyd-Am-  
moniak und die ammoniakbasischen Metallsalze i~berhaupt 
berichtet,  wobei er ausfiihrte, wie sich schwefelsaures 
Kupferoxyd-Ammoniak  mi t  Hilfe yon unterschwefel- 
saurem Baryt  in unterschwefelsaures Kupferoxyd-  
Ammoniak  umsetzen lasse, welches.nach Abfil tr ierung 
des ausgefiiltten Bariumsulfates ~lurch Abkfihlung als 
kristalliner Niederschlag gewonnen werden kDnne. 

Siimtliche Port ionen des auskristallisierten Salzes wur- 
den alsdann auf einem Fil ter  vereinigt  zwischen Papier 
ausgepresst,,. H i e b e i  machte  sich die zur Diskussion 
stehende Eigenschaft  der Kupferoxyd-Ammoniakl6sung 
offenbar nicht geltend, denn sie wird in der Arbeit  
(1856) nirgends erw/ihnt. Ers t  als SCHWEIZER 1857 ver- 
suchte, aus der dunkelblauen Fliissigkeit ammoniakal i -  
scher Kupfersalze das Kupferoxyd-Ammoniak  zu iso- 
lieren und dessen Eigenschaften nXher kennenzulernen, 
wurde, wie er schreibt, ~meine ganze Aufmerksamkei t  
durch eine h6chst interessante Eigenschaft  jener Flfissig- 
keit in Anspruch genommen. Dieselbe besitzt niimlich 
in ausgezeichnetem Grade das VermOgen, bei gew6hn- 
licher Tempera tu r  Pflanzenfasern aufzulOsen, l)ber- 
giesst man gereinigte Baumwolle  mit  der btauen Fliissig- 
keit, so n immt  erstere bald eine gallertartige, schlfipferige 
Beschaffenheit an, die Fasern gehen anseinander und 
verschwinden, und nach einigem Durcharbei ten mi t  
einem Glasstabe ha t  sich das Ganze in eine schleimige 
Fltissigkeit verwandett~. 

SCHWEIZER stellte ferner fest, dass nicht  nur  Zellutose, 
sondern auch Seide und Kollagen (Tierische Blase) yon 

1 In dca Lehrbtichcm finder man auch die (unrichtige) Schreib- 
vgeige SCHX~,'EITZER. 

Kupferoxyd-Ammoniak  aufgel6st und durch Ans~ue- 
rung wieder gef~Lllt werden kOnnen, w~hrend St/~rke zu 
seiner Verwunderung nur zu einem blauen Kleister auf- 
quoll. Dami t  war lange vor der Entdeckung der Wasser- 
stoffbindungen und verzweigter  Makromolekfile bereits 
aufgezeigt, dass Kupferoxyd-Ammoniak  bei den unter- 
suchten Objekten wohl Wasserstoffbriicken, jedoch 
keine kovalenten Bindungen zu sprengen vermag. 

Die erste Untersuchung fiber die Morphologie der 
Quellung und Aufl6sung von Pflanzenfasern ist noch im 
gleichen Jahre  dutch CARL CRAMER, Dozent  (seit 1860 
Professor) ffir Altgemeine Botanik  an der Eidgen6ssi- 
schen Technischen Hochschule (damals Polytechnikurn) 
durchgeffihrt  worden. Seine Beobachtungen (~tber das 
Verhalten des Kup[eroxydammoniaks zur ]:~flanzenzetl- 
membran, zu Stiirke, Inul in,  zum Zetlkern und zum 
Primordialschtauch wurden am 23. November  1857 in 
der Ziircher Naturforschenden Gesellschaft vorgetragen 
und in der Vierteljahrsschrift  [Jg. 3, 1 (1858)] publiziert. 
E r  beschreibt in dieser Arbei t  ausfiihflich die schon yon 
SCHVCEIZER beobachtete  Kugelquel lung der Baumwoll- 
haare und erkl/irt sie richtig durch die UnlSslichkeit der 
t{utikula dieser Pflanzenhaare.  E r  entdeckte  ferner die 
Kugelquel lung bei Hanf-  sowie anderen Bastfasern und 
schloss auf eine in Kupferoxyd-Ammoniak  unt6sliche 
Oberfl~chenhaut dieser Fasern (heute als Prim~irwand 
bezeichnet). E r  zeigte, wie diese unI6slichen HEute bei 
der Quellung zu Ringen zusammengeschoben werden, 
und bildete diesen Befund einwandfrei ab. Ferner  stellte 
er lest, dass verholzte Fasern n ieh t  aufgelSst werden 
k6nnen. 

Von CRAMER s t a m m t  auch die noeh heute gebr/iuch- 
l i the Abktirzung Cuoxam ffir das Schweizer-Reagens, das 
allerdings in neuerer Zeit ffir die Fasermikroskopie 
durch das haltbarere Kupfer-Athylendiamin ersetzt wor- 
den ist. 

Seit diesen Pionierarbeiten sind Dutzende yon Publi- 
kat ionen tiber die zellulosel6sende Eigcnschaft  des 
Kupfer te t ramins  in technischen, chemischen und bio- 
logischen Zeitschriften erschienen, denn diese L6sungea 
lieferten die ersten nicht auf dem Umwege fiber die 
Nitr ierung gewonnenen Kunstfasern aus Zellulose, und 
in den HEnden STAUDINGERS erwies sich die e schleimige~ 
ZelluloselSsung als ffir die viskosimetrische Molekular- 
gewichtsbest immung der makromolekularen Ketten- 
molekfile geeignet. 

Wenn man bedenkt,  welch grosser Nutzen der Zellu- 
losechemie und der Zellulosetechnologie durch die An- 
wendung der Entdeckung SCHWEIZERS erwachsen ist, 
erscheint es angebracht,  auf die zwei Originalarbeiten 
fiber diesen Gegenstand hinzuweisen, die beide vor hun- 
dert  Jahren in der Vierteljahrsschrift  der Naturforschen- 
den Gesellschaft Ziirich erschienen sind. 

A. FREY-WYSSLING 

Institut [iir AlIgemeine Botanik der Eidgen6ssischen 
Technischen Hochschule Zi~rich, den 77. Dezember 1956. 

Summary  

Cuprammonia  as a solvent for cellulose was discovered 
a hundred years ago by EDUARD SCHWEIZER, Professor 
of Chemistry at  the Univers i ty  of Zurich, and the 
heterogeneous swelling of plant  fibres with this reagent 
was described in the same year  by  CARL CRAMER, Pro- 
fessor of Botany  at  the Swiss Federal  Insti tute of 
Technology then recent ly founded. Both  discoveries 
were published in the 'Viertel jahrsschrif t  der Natur- 
forschenden Gesellschaft Ztirich' 1857 and early 1858. 


