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T H E  S U L P H U R  METABOLISM OF MOULD F U N G I :  T H E  USE OF 

" B I O C H E M I C A L  M U T A N T "  STRAINS  OF A S P E R G I L L U S  N I D U L A N S  

IN E L U C I D A T I N G  T H E  B I O S Y N T H E S I S  OF C Y S T I N E  

by 

D. J. D. HOCKENHULL 
The Faculty of Technology, The University, Manchester (England) 

In 1941, STEIN'BERG 1 showed that many inorganic sulphur sources (sulphate, sul- 
phite, thiosulphate, etc.) were available for the growth of Aspergillus niger. He postu- 
lated that the mould synthesized organic sulphur compounds via "sulphoxylic" acids. 
Similar results were obtained by HOCKENHULL 2 with Penicillium notatum. 

In addition, RIPPEL AND BEHR 3 had shown that Asp. niger, when supplied with 
sulphate, liberated considerable quantities of organic sulphur compounds into the 
medium. Under certain conditions, P. notatum could also be induced to convert a large 
proportion of sulphate in the medium to an unidentified intermediate (HOCKE~HULL2). 

In the present communication, the use of "biochemical mutant"  strains of Asp. 
nidulans, in establishing the feasibilities of certain schemes for the biosynthesis of cystine 
from sulphate, is described. The principle of the method is that many of the steps in 
such a biosynthesis may be brought about by specific enzymes. The functioning of each 
of these may, in turn, depend on the intactness of a gene, or set of genes, governing 
its initial formation. A strain lacking a particular enzyme function for this reason is 
termed a "biochemical mutant" .  For example, strains of an organism capable, say, of 
converting A to intermediate B and intermediate C to final product D, but  not of B to C, 
may be obtained. If D is an essential metabolite, neither A nor B will support growth. 
However, C (or any substance X easily converted to C) will support growth. By testing 
possible compounds, the identity of C may be established. This technique has been 
developed by BR. BEADLES'S group at Stanford and is described more fully in a review 
by BONNER 4. 

E X P E R I M E N T A L  

The Organisms Used 

The organisms employed were strains of Asp. nidulans. The bright green strain, 
A 69, was kindly given to me by Mr E. YUILL (The American subculture of this is pro- 
bably N.R.R.L. 195 ). Y2 was a yellow X-ray mutant  of this from Dr G. PONTECORVO. 
The author's Ba strain was a glaucous mustard-gas mutant of A 69 remarkable for 
absence of perithecia, dense sporing and rapid growth. "Cystineless" strain, a, was 
obtained by Miss J. LASCELLES from strain Y 2. 
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MEDIA 

z. C -  medium: glucose 4%,  Na acetate o.25%, NaNO, o.5%, (NHi)tSO, o.5%, salts P F  z %, 
salts HS 1% in Manchester tapwater,  PH to 5.8-6.o with KOH. 

2. C +  medium : glucose 4 %, Na acetate o.25 %, NHiNO s 0.5 %, cystine o.o25 %, salts PF  1%, 
salts HC 1%, in tapwater,  PH to 5.8-6.o with KOH. 

3. CD medium : as C- with the addit ion of o. 5 % casein hydrolysate powder (vitamin free, As~E). 
4. Basal medium: as C +  without  cystine. 
5. Mal t  wort: Sp.Gr. I.o4o. 
6. Salts H S :  MgSOa.7HIO 5%,  FeSO4.7HtO o.5%, MnSO4.4HaO o.2%, CuSO4.sH=O o.2%, 

ZnSOi.7H20 o.2 %, Cot(SO4)s.18 H20 0.2 %, HtSO *" o.2 % v/v, in distilled water. 
7. Salts H C  : MgCI,.6 HIO 5 %, FeClt o.5 %, MnCIt.4 HtO o.2 %, CuClt.2 HIO o.2 %, ZnCI i o.2 %, 

CoClt.6HtO o.2 %, HCI conc. o.2 % v/v, in distilled water. 
8. Salts P F :  NaHiPO 4 i o % ,  NaF  o.1% in distilled water. 
All solid media contained 2.5 % agax. 
Sterilization was carried out  a t  a steam pressure of 2o lb per sq. in for 15 rain unless otherwise 

stated. 

Production and Isolation o[ "Cystineless" Mutants 

a. With Mustard Gas in the Vapour Phase. This technique haS already been described 
(HoCKENHULL'~). 

b. With Mustard Gas in Aqueous Solution. Although the vapour exposure method 
waS convenient and clean and gave uniform material which could be stored eaSily with 
successful treatments, uniformity between separate experiments was not easily ob- 
tained. In addition, the variation introduced by washing off the spores from the discs 
of felt, the shedding of spores and desiccation during storage and other factors, made 
difficult the quantitative study of the relation of spore mortality to exposure period. 
For these reasons, a number of experiments were carried out in which a spore suspension 
was mixed with mustard gas. This waS a modification of the technique of STAHLMANN 

6 AND STAUFFER aS used with Neurospora crassa. ~ ,  
zoo ml of a zo 9 conidiospore/per ml suspen- ~ 

sion, in 0.32 M phosphate buffer PH 6.8-7 .0 o~ ! 
containing o. 1% Calsolene oil H.S. (ex I.C:I.Ltd., ~1o ~ 
a wetting-out agent), from a 5-7 day culture of~ ~ 
Asp. nidulans on malt-wort agar. This suspension @~0 T 
waS added to 0.25 ml mustard gaS (fir" dichloro- 
diethylsulphide) in a dry, sterile, 250 ml conica] 
flask containing about 20 7-9 mm glaSs balls and 
incubated at 30 ° with periodic shaking. At inter- 
vals, 2.5 ml of the suspension was withdrawn *0' 
and added to ioo ml of 0.32 M phosphate buffer 
PH 6.8-7.0 containing 0.5% glycine to inactive ,0' 
the unused mustard gas. 

After standing for about 30 min, 20 ml of this 1o' 
suspension was mixed with 30 ml C- medium in 
a sterile I 1 conical flask. The whole was incu- 
bated for 16 h to initiate germination, o 

The graph shows the relation between expo- 
sure time, survival rate, and the proportion of 
mutants  on the survivors. The morphological 
mutants  were diagnosed by naked-eye examina- 

. . . .  i 

10 /- ' /  / 
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tion~ the "b iochemica l "  ones b y  isolat ion and  tes t ing  upon C-  med ium and  upon mal t -  
wort  agar.  Fo r  isolat ion of "cys t ine less"  mutan t s ,  surv iva l  ra tes  of 5 o - I o o  organisms 
per  ml (ca IO 4 of the  original  lO 9 spores per ml) were desirable.  9o-12o min was the 
usual  exposure  period.  

c. Isolation o~ "Cystineless" Mutants. ] 'he  f i l t ra t ion technique of FRIES 7 was aban-  
doned in the  la te r  exper imen t s  on the grounds  tha t ,  with a I6 h incubat ion  per iod at  
3 o°, bo th  normal  and "cys t ine less"  s t ra ins  a p p e a r e d  to ge rmina t e  to the  same degree 
in C -  medium.  The p regermina t ion  was however  cont inued  as it  appea red  to give more 
uniform resul ts  on pla t ing.  

The ge rmina ted  suspension was p la ted  out  a t  the ra te  of I ml  per  IO cm petr i  dish 
of C + agar.  Af te r  incuba t ion  a t  3 °0 for 2 ½-3  days ,  sepa ra te  colonies showing the green 
of conidiospores  in thei r  centres  had  grown from each viable  spore. On this  medium,  
"cys t ine less"  and  normal  s t ra ins  could  grow well, bu t  s t ra ins  wi th  o ther  deficiencies 
could not.  

P la tes  of C -  agar  (15 ml per  i o  cm pet r i  dish) were m a r k e d  out  with IO mm circles 
b y  means  of a s teri le  corkborer .  The centre  of each of these m a r k e d  areas  was inocula ted  
from a sepa ra t e  colony of t r ea t ed  mater ia l .  The technique  of t ransfer  wi th  a poin ted  
needle ( sabre-shaped  tip) was cri t ical .  Grea t  care was taken  to t ake  up ve ry  l i t t le  ma te r i a l  
and  to make  sure t ha t  spores were no t  sca t t e red  on the m a r k e d  plate .  

Incuba t ion  (at 3 o°) was again  car r ied  out  for 2 ½-3  days ,  or unt i l  g rowth  in the  
fas tes t  isolates had  reached  the  edges of the  circles. In  some circles, it  was no ted  tha t  
no growth,  or thin sp ide ry  mycel ium,  only  had  appeared .  Such circles were l i f ted out  
bod i ly  on a needle and  placed on C +  agar.  They  were i nunda t ed  with a few drops  of 
a s a t u r a t e d  solut ion of cys t ine  and  incuba ted  a fur ther  3 days  or more. F r o m  those 
circles upon which g rowth  appeared ,  inocula were made  onto slopes of C + and C-  media .  
If  g rowth  appea red  on the former,  bu t  fai led on the la t ter ,  a re tes t  was made  to check 
tha t  the  isolate  was genuine ly  "cys t ine less" .  The isola ted were s tored  on CD med ium 
wi th  0.025% a d d e d  cyst ine,  a t  room t empera tu re .  

I3 "cys t ine less"  m u t a n t s  were ob ta ined  from abou t  9000 isolates wi th  the vapour  
m e t h o d  and  3 from abou t  6000 b y  the l iquid-phase  method.  The  a p p a r e n t  difference 
be tween the success of the two techniques  is largely based  upon one ex t r eme ly  successful 
set of vapour -exposed  discs. Therefore,  a l though  the au thor  t ends  to favour  the vapour  
method ,  no real  a rgumen t  for this  choice can be made.  All m u t a n t  s t ra ins  were der ived  

from A 6 9 except  s ¢ and  a from Y2 and v from Ba.  

Substances used in Testing 
?,Ig ethane sulphinate, from ethyl bromide and SO~ by the GRIGNARD reaction. 
Ba fl-sulphopropiormte, after KH^RASCH AND BROWN s. 
Ca flfl'-dieartx)xydipropionyldisulphide, after CHEYNEY AND PIENING 9. 
Taurinc disulphoxide, after CHRISTIANSEN AND DOLLIVER TM. 
fl-aminoethylmercaptan and bis-fl-aminoethyldisulphidedihydrochloride after MILLS AND 

BOGERT It. 
C3,stcic acid. after FRIEDMANN TM. 
Cysteine sulphinic acid and cystine disulphoxide, kindly given by Dr MEDES of the Lankenau 

Institute. l'hiladelphia. They were made after LAVINE 13. 
Na cysteine S-sulphonate, after CLARKE 14. 

Techniques o/Growth-Testing upon various Sulphur Sources 

25 ml mel ted  basa l  agar  were cooled to 60 ° and  poured  into a warm,  sterile,  IO cm 
pet r i  dish. 5 ml of a sei tz-f i l tered solut ion of the  su lphur  source at  PH 6-6.5 was a d d e d  
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t o  bring the final concentration to about I mg per ml. The plate was then cooled and 
cylinders were transferred each to a separate, sterile, plugged 6" x 5/8" tube. They 
were then individually needle-inoculated with material from the master-cultures of 
"cystineless" and normal strains, incubated at 3 °0 for 4 days and examined for growth. 
(Cystine and homocystine were used as steam-sterilized suspensions). 

Two completely different tests were carried out with each substance, and at least 
two replicates per test. Further replication was made if the results appeared uncertain. 

In the case of hydrosulphite which was of great theoretical interest, a further series 
of tests were carried out. Plates of IO ml of C- medium were poured and sown each 
with 2 ml of a spore suspension of each organism under test at about IO ~ spores per ml. 
They were incubated until microscopic examination indicated that germination had 
taken place. Crystals of hydrosulphite were then added. The growth response was noted 
after 4 days. The results of these "auxanographic" tests were the same as those by the 
method described earlier. 

The results of the tests are presented in Tables I and II.  

T A B L E  I 

G R O W T H  OF D E F I C I E N T  S T R A I N S  ON I N O R G A N I C  S U L P H U R  S O U R C E S  

S t r a i .  S - -  

- + +  + +  + +  + + + 

__ + +  + +  + +  + +  + + 

+ + +  
. no test 

V 

A69  
Ba + +  

+ +  

+ +  

+ +  I + + f  + +  + i :+l + +  4- 

¥ 

+++ ++ 
+ +  

, + +  

+ +  
+ 

+ 

+ 
+ 

+ +  

+ + vigorous  g rowth  + mode ra t e  g rowth  4- doub t fu l  g rowth  - -  no g rowth  

Strains growing on sulphite but not upon sulphate were termed "sulphiteless", 
while those growing on thiosulphate but not upon sulphite were termed "thiosulphite- 
less". 
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Biochemical ly  deficient s t ra ins  of Asp.  nidulans have  been known for a long t ime 
to show the phenomenon  of " b a l a n c e d "  he terokaryos is .  (Heterokaryos is ,  the  symbios is  
of different  types  of nuclei  wi th in  the  same mould  cells, has been descr ibed by  PONTES 
CORVO x5 and  PONTECORVO AND GEMMEI.L T M .  It  usua l ly  occurs  af ter  hypha l  anas tomos i -  
be tween  two different  s trains) .  Two strains ,  each deficient in a different  essential  meta -  
boli te ,  m a y  b y  this  means  live symbio t i ca l ly  upon a doub ly  deficient medium• The 
re la t ive  number s  of each t ype  of nuclei  in the organism will depend  upon the ra te  at  
which each can cause the  fo rmat ion  of the me tabo l i t e  essent ia l  to the  other.  This  ra t io  
is more or less cons tan t  for any  pa r t i cu la r  env i ronment ,  and  the he t e roka ryon  will 
therefore  be " b a l a n c e d "  (in con t rad i s t inc t ion  to the  var iable  he te rokaryos is  often 
obse rved  between non-deficient  strains)• 

Suspensions of abou t  lO T spores per  ml were made  in C-  med ium from each s t ra in  
under  test .  2 ml of the  suspension form each of the  two s t ra ins  under  test  for symbios is  
were mixed  in a 6" × I" tube  conta in ing  a slope of C-  medium• Af te r  incubat ion  a t  
3 °° for 16 h, the  suspension was poured  away  and  the  res idual  organisms al lowed to 

References p. 335. 



VOL. ~ (1949) SULPHUR MErASOLIS~ O~ MOWI~ ~USGI 331 

O R G A N I C  S U L P H U R - S O U R C E S  
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grow on the slope for another  4 days  a t  30 °. If  s t rong mycelial  growth appeared,  por t ions  
of the growing mycel ium were t ransferred to a second slope of C -  med ium and again  
incubated.  The presence of continued growth on subculture showed tha t  heterokaryosis  
had  occurred. This finding was checked (to el iminate possibilities of contaminat ion  or 
reversion) by  the mak ing  of single spore isolations on C +  med ium from the non- 
perithecial  port ions of t he  he te rokaryons  .and test ing these against  C-  medium.  In  all 
cases of t rue heterokaryosis ,  the original strains could be separa ted  out  in this way. 

The 6 "sulphiteless" s trains tested 7, ~, r/, i, 2, v) were found to fit perfect ly  into 
three exogamous  groups:  I, ~; I I ,  ~, ~, v and I I I ,  ~?, ~. 

The  8 " th iosulphate less"  strains tested (a, fl, ~, ~,/~, v, ~, o) were found to fit into 
three exogamous  groups:  I, a, ~, v; I I ,  ~. ~,, o, and I I I , # ,  ~, with the following discre- 
pancies:  f l x  ~, ? f o r - ; v  ~ × v, ? for + ; k t  × v -  for + ; / ,  x ~, ? + (where + = 
heterokaryosis ,  - -- no heterokaryosis  and ? = unreliable results). 

7 Combinat ions  between "sulphiteless" and " thiosulphate less"  strains were tes ted 
and heterokaryosis  was obta ined in all cases. 

The he terokaryon,  fl x ~ (green x yellow) was main ta ined  for some months  on 
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C- agar. On transferring a small piece of mycelium to C + agar, it readily segregated 
into the two parent strains in a typical pattern as described by PONTFCOI~VO AND 
GEMMELL 17. 

DISCUSSION 

The State o[ Reduction at which Inorganic Sulphur is combined with Organic Residues 

Inorganic sulphur-compounds seem to be reduced by the mould at least as far as 
thiosulphate before being assimilated into organic molecules. The results with sulphide 
(of which the inconsistency is probably due to the extreme ease with which sulphide 
is oxidized by atmospheric oxygen) substantially agree with those of STEINBERG I, that 
sulphide is not a precursor in the direct route from sulphate to organic sulphur. 

The Reduction o/Sulphate 

Sulphate appears to be reduced directly to sulphite. Dithionate is not an inter- 
mediate in this process as it behaves wholly as does sulphate. The possibility of a com- 
mon enzyme for the reduction of both sulphate and dithionate must not be ignored. 

The Reduction o/Sulphite 

Two paths have been suggested for the reduction of sulphite: 
I. The formation of metabisulphite (which, according to ZACHARIASEN TM, may some- 

times exist in the form H.SOvSO2OH ) with the S-S linkeage), its subsequent reduction 
to hydrosulphite (H.SO.SO2H), followed by reduction to thiosulphate (HS.SO2H). 
(c./., JELLINEK TM on the electrolytic reduction of sulphite). 

2. The direct reduction of sulphite to "sulphoxylate" (H~SO~), with either dimeri- 
zation of this to form thiosulphate, or, alternatively, enzymic or non-enzymic reaction 
of this with sulphite to form hydrosulphite and spontaneous reduction of this by 
"sulphoxylate" to form thiosulphate. 

The latter hypothesis is favoured on the following grounds: 
I. that, although precise evidence on this point is lacking, the concentration of 

metabisulphite would be very low indeed under the conditions of the experiment 
(o.1% aqueous sulphite at a PH value about 6). 

2. that hydrosulphite behaved exactly as sulphite in the 9 "thiosulphateless" 
strains tested. This, while not absolutely excluding its intermediacy, does reduce the 
probability of it very considerably. 

The Intermediacy o/Thiosulphate 

In the preceding paragraph, it has been assumed that thiosulphate and not sul- 
phoxylate, is the form in which sulphate combines with organic sulphur. Although not 
completely cogent (for the lack of trials with substances of general formula, -S.CHvCO. 
COOtI, presents a loophole), the fact that none of the possible intermediates suggested 
by various possible breakdown routes of cystine and cysteine, could be utilized by any 
of the thiosulphateless mutants, strongly indicates the irreversibility of such processes. 
Oxidation of the sulphur of cystine to the sulphinic acid group appears to render it 
unavailable to "thiosulphateless" strains. Decarboxylation or reductive deamination, 
with or without oxidation of the sulphur atom, appear also to render the sulphur 
unavaible to the latter strains. 

The observation that the thiosulphate of serine- cysteine S-sulphonate-supports 
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good growth of the "thiosulphateless" strains, adds a little weight to the above hypo- 
thesis. The luxuriant growth of the "thiosulphateless" strains when serine was added 
together with thiosulphate, is also noteworthy. Chemically, the breakdown of cysteine 
S-sulphonate in presence of mineral acid to give cysteine and sulphate, or in presence 
of alkali to give sulphenic acid and sulphite, have been described by CLARKE 1•. In addi- 
tion, CHALLENGER AND BRISCOE 2° report that, with the mould fungi, P. brevicaule and 
Schizophyllum commune, they have obtained methyl and ethyl mercaptans from the 
corresponding alkylthiosulphates (Bunte salts). This implies a biologically catalysed 
fission of the type postulated for cysteine S-sulphonate. 

A further point is that no mutants have been isolated which lacked the power to 
utilize thiosulphate. This makes it extremely unlikely (save if there is more than one 
route for the synthesis) that more than one enzymic step is involved. It is obvious 
that the S-sulphonate route entails the least number of possible enzyme-catalysed steps. 

Again, the presence of thiosulphate has been noted in many higher organisms, nota- 
bly by FROMAGEOT AND ROYER zl in the urine of mammals. The possibility that the 
non-sulphate fraction in P. notatum, noted by HOCKENHULL ~, may be thiosulphate is 
now under investigation. 

The Utilization o/Organic Sulphur Compounds 

The organic compounds tested, with the exception of cysteine S-sulphonate, homo- 
cystine and methionine, were not utilized by the "thiosulphateless" strains of the mould. 

The ethyl-S compounds (diethyl disulphide, Na ethanesulphonate, etc.) were 
either not utilized, or only utilized with extreme difficulty, by all strains, including 
the normal ones. This implies that substitution is necessary before fission of the S-C 
linkage can occur. 

The substituted S-ethyl compounds (with fl-carboxy, r-amino or ~-carboxy E-amino) 
were all utilizable by the "sulphiteless" strains while being non-utilizable by the "thio- 
sulphateless" ones. This pointed to a breakdown to yield sulphite. 

Recent work by FROMAGEOT, CHATAGNER AND BERGERET 22 indicates that, in 
mammals, cysteine sulphinic acid is broken down by a sulphinicase to yield alanine and 
sulphite, is pertinent, especially in view of their claim that the S-C linkage in the 
compound is very easily broken. It is, however, not easy to see how the action of such 
an enzyme could explain the breakdown of the sulphonic acids tested to yield sulphite. 
At this stage, therefore, it is unwise to speculate upon possible breakdown mechanisms. 

In connexion with this phenomenon, however, it has been noted by HOCKENHULL 2 
that P. notatum can produce sulphate from cystine. Similar results have been obtained 
by MOTHES 23 with Asp. niger. 

All strains tested grew with homocystine and methionine, especially well with the 
latter. HOROWlTZ ~, with mutant strains of Neurospora, has shown that methionine is 
synthesized from cysteine via L(+)cystathionine and homocysteine. LAMPEN, ROEPKE, 
AND JONES 2s found, with Esch. coli that, while homocystine or methionine could support 
growth in all "cystineless" mutants, cystine or cysteine both failed to support growth 
in some "methionineless" strains. That is to say, in the latter cysteine was primary 
and that further steps in methionine synthesis were blocked. SIMMONDS**, however, 
has reported a cystineless strain in which none of homocysteine, cystathionine and 
methionine, supported growth. In this instance the back-reaction to give cysteine from 
homocysteine appears to have been lost also. 
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T h e  o t h e r  m i s c e l l a n e o u s  c o m p o u n d s  t e s t e d  g a v e  no  u n e x p e c t e d  r e su l t s .  " C y c l i c "  

c h o l i n e  s u l p h a t e  b e h a v e d  e x a c t l y  as  s u l p h a t e ,  t h e  two  b i s u l p h i t e  c o m p o u n d s  as s u l p h i t e ,  

b u t  f o r m o s o l  was  n o t  a v e r y  g o o d  s u l p h u r - s o u r c e  w i t h  a n y  of t h e  m u t a n t  s t r a i n s .  T h i s  

l a s t  r e s u l t  does  no t ,  h o w e v e r ,  j e o p a r d i z e  t h e  s t a n d i n g  of " s u l p h o x y l a t e "  as  a n  i n t e r -  
m e d i a t e .  

The Genie Control o~ Enzymic Reactions 

T h e  h e t e r o k a r y o t i c  p h e n o m e n a  i n d i c a t e  t h a t  a t  l e a s t  two ,  a n d  p r o b a b l y  t h r e e ,  

g e n e s  a r e  i m p l i c a t e d  in e a c h  of t h e  c h a n g e s ,  s u l p h a t e - s u l p h i t e  a n d  s u l p h i t e - t h i o s u l p h a t e .  

T h e  a u t h o r  w i shes  to  t h a n k  P r o f e s s o r  CHALI,ENGER a n d  D r  BRISCOE of L e e d s  for  

h e l p f u l  d i s c u s s i o n  a n d  c r i t i c i sm.  

SUMMARY 

I. Methods for the isolation of mutan t  strains with particular biochemical deficiencies are 
described. 

2. "Cystineless" mutants  obtained by these techniques have been used in the elucidation of 
biosynthetic mechanisms. Sulphate appears to be reduced directly to sulphite. I t  is most probable 
tha t  sulphite is reduced directly to "sulphoxylate" and does not pass through the metabisulphite-  
hydrosulphite route. However, it seems tha t  "sulphoxylate"  does not combine directly with an organic 
residue but  first dimerized to thiosulphate. The possibility is discussed tha t  cysteine S-sulphonate 
(serine thiosulphate) may be the next  step in the synthesis of cysteine, the most simple hypothesis 
for cystine synthesis to fit the experimental  facts is: 

HsSO 4 genes r, 2, 3 v H2SO s genes 4, 5, 6 ~- (HISO2) -~ H~SIOs__~ HSO3.S.CHt.CH(NHz)COOH -+ 
hypothetical  

--~ HS.CH'.CH (NHIJCOOH 
cysteine 

3. None of the possible breakdown routes of cystine tested appear to be reversible. The possible 
products of such breakdowns by:  a) oxidation of the sulphur a tom stepwise to the sulphonic acid; 
b) reductive deaminat ion followed by a) ; c) decarboxylat ion followed by a) ; appear to yield sulphite 
in presence of the mould. 

4. Cystine can be formed from methioninc or homocystine without  prior breakdown to sulphite. 
5. The conversion of sulphate to sulphite and tha t  of sulphite to thiosulphate appear  in each 

case to be governed by a t  least two and probably three genes. 

R ~ S U M ~  

z. On d~crit deux moyens pour isoler des souches mutantes  ~ d~ficiences biochimiques sp6ci- 
fiques. 

2. On s'est servi de telles souches mutan tes  "sans-cyst ine" obtenues par  ces moyens-ci pour 
~aclaircir des m6canismes biosynth6tiques. I1 semble que le sulphate est r~duit au sulphite sans inter- 
m~diare. II est  tr~s probable que le sulphite est r~duit directement  au "sulphoxylate",  et  ne passe 
pas par  le m6tabisulphite et  l 'hydrosulphite au thiosulphate.  N6anmoins, il semble que le "sulphox- 
ylate Ile se joint  pas A un r~sidu organique directement,  mais, an contraire, il se dim6rise pour 
former le thiosulphate. I1 se peut que le cyst6ine S-sulphonate (thiosulphate de s6rine) soft la phase 
prochaine de la synth~se de la cystine. 

L'hypoth~se la plus simple qui se rapporte aux rafts exp~rimentaux est:  

HISO 4 g~nes z, 2, 3 ~ HsSOs g~nes 4, 5, 6 ~ (HsSO,) --~ HtStOs --~ HSOs.S.CHI.CH(NHI)COOH --~ 
hypoth6tique 

-+ HS.CHs.CH(NH2)COOH 
cystdiue -~ cystine 

3. Aucune voie de d6composition de la cystine qui a ~t6 ~tudi~ ne semble ~tre r6versible. 
Les produits possibles d 'une telle d~composition par:  a) l 'oxydation graduelle de l 'atome de soufre 
jusqu'A l'acide sulphonique; b) la d6amination r6ductive qui est suivie d'(a); c) la d~carboxylation 
qui est suivie d'(a), donnent  tous l'acide sulphureux en presence du champignon. 
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4. La cyst ine  peu t  se former A par t i r  de la m~thionine ou de l 'homocys t ine  sans d~composi t ion 
pr6alable au sulphite.  

5. Les symbioses  h~t6rokaryot iques ind iquen t  que deux  d6 te rminan ts  (g~nes) au moins  (plus 
p robab lemen t  trois) p rennen t  pa r t  dans  chaque t ransformat ion ,  sulphate-sulphi te  e t  sulphi te-  
th iosulphate .  

ZUSAMMENFASSUNG 

I. Es  werden zwei Methoden  beschrieben,  um mut ie rende  Sti imme mi t  besonderen biochemi-  
schen M~ngeln zu t rennen.  

2. Auf diese Weise isolierte "cys t in lose"  St~imme wurden  zur Aufldgrung yon b iosyn the t i schen  
Mechanismen herangezogen.  Es scheint ,  dass Sulfat  d i rek t  zu Sulfit reduzier t  wird. Sulfit wird sehr  
wahrscheinl ich  d i rekt  zum "Sulfoxylat" reduziert ,  und n ich t  fiber Metabisulfi t  und Hydrosulf i t  zum 
Thiosulfat .  Es  scheint  aber,  dass  sich da s "Su l foxy l a t "  n icht  direk-t mi t  organischen Res ten  verbindet ,  
sondern  sich zuerst  zum Thiosulfat  dimerisier t .  MSglicherweise ist  das  Cystein-S-sulfonat  (Serin- 
thiosulfat)  die ni~chste Stufe in der  Synthese  des Cysteins. 

Die e infachste  Hypothese  f~r die Cyst insynthese  die mi t  den Versuchsergebnissen fiberein- 
s t immt ,  ist die Folgende:  

Gene i ,  2, 3 Gene 4, 5, 6 
HtSO 4 ÷ HtSO s ~ (HtSOt) -~ HtStO 8 -+ HSOs.S.CHt.CH(NHt)COOH -~ 

hypote t i sch  
--~ HS.CHt.CH (NHt)COOH 

Cystein 

3. Es  scheint ,  dass keiner der  m6glichen Abbaumechanismen,  die der  Verfasser untersuchte ,  
reversibel  sei. Es  zeigte sich, dass ein solch~r Abbau a) durch stufenweise Oxyda t ion  des Schwefel- 
a toms  zur SulfonsAure b) durch reduzierende Desaminierung gefolgt  yon a) oder  c) durch I)ecar- 
boxyl ierung gefolgt yon a) in Gegenwar t  des Schimmelpilzes Su|fi t  gibt .  

4. Cyst in  kann  aus Methionin  oder  Homocys t in  ohne vorhergehenden  Abbau  zu Sulfit en t s t ehen .  
5. Die Umwandlungen  yon Sulfat  zu Sulfit und yon Sulfit zu Thiosulfa t  scheinen in j edem Falle  

yon mindens tens  zwei, wahrscheinl ich aber  yon drei Erbfak to ren  b e s t i m m t  zu werden.  

R E F E R E N C E S  

1 R. A. STEIN'BERG, J. Agr. Research, 63 (I94 x) lO9. 
s D. J. D. HOCKEmtULL, Biochem. J., in press. 
$ A.. RIPPEL AND G. BEHR, Arch. Mikrobiol., 7 (I936) 584. 
4 D. BONNER, Cold Spring Harbor Symposia Quant. Biol., X I  (1946) 14. 
5 D. J. D. HOCKEN~IULL, Nature, x6x (I948) ioo. 
6 M.  ~.. STAHLMANN AND J. F.  STAUFFER, Scieng2, IO6 (1947) 32. 
7 N. FRIES, Nature, I59 (I947) 199. 
* M. S. KHARASCH AND H. C. BROWN, J. Am Chem. Soc., 62 (i94 o) 925. 
9 L. C. CHEYNEY AND R. J. PIENING, J. Am. Chem. Soc., 67 (1945) 73I. 

10 W. G. CHRISTIANSEN AND ~'~/[. A. DOLLIVER. U. S. Patent, 2, 242, 236. 
11 ]~. j .  MILLS AND M. T. BOGERX, J. Am. Chem. Soc., 62 (I94o) 1173 and 63 (I941) 2363. 
12 F~. FRIEDMANN, J. Biol. Chem., 94 (I93 x) 55 °.  
xa T. F.  L.A-VXNE, J. Biol. Chem., I13 (1936) 58o and 589. 
x* H. T. CLARKE J. Biol. Chem., 97 (1932) 235. 
a~ G. PONa'ECORVO, Cold Spring Harbor Symposia Quant. Biol., XI  (1946) 193. 
16 G. PONTECORVO AND A. R. GEMMELL, Nature, I54 (1944) 514. 
17 G. PONTECORVO AND A. R. GEMMELL, Nature, 154 (1944) 532. 
t0 W. H. ZACH-'-PdASEN, Physiol. Rev., 4 ° (1932) 923 . 
10 E. JELLINEK, Z. physik. Chem., 93 (1919) 325 • 
00 F. CHALLENGER AND P. A. BRISCOE, pr iva te  communicat ion.  
11 C. FROMAGEOT AND A. ROYER, Enxymologia, xx (I945) 361. 
O2 C. FROMAGEO'r, F.  CHATAGNER, AND B. BERGERET, Biochirn. Biophys.  Acta, 2 (x948) 294. 
t t  K. MOTHES, Planta, 29 (1936) 67. 
u N. H. HOROW'I'rz, J. Biol. Chem., I7 z (I947) 255. 
u j .  O. LAMPEN, R. R. ROEPKE, AND M. J. JONES, Arch. Biochem., 3 (1947) 55. 
t~ S. SI~aMONDS, J. Biol. Chem., 174 (I948) 717 . 

R e c e i v e d  O c t o b e r  2 3 r d ,  1948  


