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A Study of Transamination System in Fusarinm 

A wide var ie ty  of t r a n s a m i n a t i o n  react ions  have  been  
s tudied  in var ious  organ isms  since BRAUNSTEIN and  
KRITZMAN t f i rs t  d i scovered  the i r  impor tance .  CAMMARATA 
and  COI{EN 2, HIRD and  ROWSELL ~ and  1ROWSELL 4 have  
s tudied  the  scope and  locat ion of  t r a n s a m i n a t i o n  sy s t ems  
in various an imal  t issues.  FtgLDMAN and  GUNSALUS 5 h a v e  
shown t h a t  in some c o m m o n  bac te r i a  t r a n s a m i n a t i o n  oc- 
curs b e t w e e n  e -ke tog lu t a ra t e  a n d  some 13 amino-ac ids  
resul t ing  in t he  fo rma t ion  of g lu tamic  acid. MILLBANK 6 
d e m o n s t r a t e d  t h e  occurrence  of t r a n s a m i n a s e  sy s t ems  in 
t he  alga Chlorella, and  WILSON, KING, a n d  ]3URRIS 7 in 
some h igher  p lants .  I n  fungi,  ROINE s work ing  w i t h  
Torutops is  ut i l is  e x t r a c t s  showed t h a t  valine,  leucine and  
isoleucine could serve as amino-g roup  donors  for ~-keto- 
g lu ta ra te .  L a t e r  FINCHAM 9 in Neurospora  crassa a n d  
BIGGER-GEHRING x° in Saccharomyces / rag i I i s  showed t h a t  
some 10-11 amino-ac ids  undergo  t r a n s a m i n a t i o n  wi th  
c¢-ketoglutarate in cell-free ex t r ac t s  of t he  organisms.  

In  our  l abora to ry ,  while  some e x p e r i m e n t s  on the  
n i t r o g e n  m e t a b o l i s m  of F u s a r i a  were in progress ,  i t  be- 
c a m e  necessary  to  know some th ing  a b o u t  t he  scope of 
t r a n s a m i n a t i o n  reac t ions  in t he  syn thes i s  of g lu tamic  acid 
b y  F u s a r i u m  lycopersici. The  p re sen t  commun ica t i on  em- 
bodies  t he  resu l t s  of th is  inves t iga t ion .  

F u s a r i u m  lycopersici,  s t ra ins  no. 5412 and  5414 were  
o b t a i n e d  f rom the  Swiss F e d e r a l  I n s t i t u t e  of Technology  
(by cou r t e sy  of Dr. I t .  KERN). They  were grown in 250 ml 
c a p a c i t y  E r l e n m e y e r  flasks on 50 ml  of a modif ied 
R i c h a r d ' s  m e d i u m  w i t h  an op t ima l  m ic ronu t r i en t  solu- 
t ion  ~' w i t h o u t  shaking.  Inocu lum was ob t a ined  in t he  
fo rm of conidia  f rom p e p t o n e - y e a s t  e x t r a c t - a g a r  s lants .  
The  f lasks were  i ncuba t ed  a t  25°C for 72 h in dark .  A t  t he  
end  of t he  i ncuba t i on  period,  t h e  myce l i um was  f i l tered 
on a B u c h n e r  funnel ,  washed  t ho rough ly  wi th  glass- 
dist i l led w a t e r  and  sucked qui te  dry .  Af te r  r emov ing  m o s t  
of t he  water ,  t h e  myce l ium was  weighed  and  i m m e d i a t e l y  
chilled to  -- 4°C in a g lass  conta iner .  Af te r  mix ing  a tumi-  
na  powder  12 ( app rox ima te ly  twice the  weigh t  of mycel ium) ,  
t he  whole  mass  was  quickly  ground  to  a fine pas. 'e in a 
chilled m o r t a r  a f te r  w e t t i ng  wi th  cooled M / 1 5  p h o s p h a t e  
buffer  of p H  7.4. Gr inding t ime did no t  exceed 5 rain. The 
pas te  was e x t r a c t e d  wi th  5 t imes  i ts  vo lume  of p h o s p h a t e  
buffer  a t  a b o u t  2°C. The c reamy  mass  was  cen t r i fuged  at  
2000 g a t  2°C in a re f r igera ted  centr i fuge.  The  s u p e r n a t a n t  
solut ion was  dia lyzed aga ins t  50 t imes  M / 1 5  p h o s p h a t e  
buffer  (pH 7.4) a t  2°C for 8 h wi th  st irr ing.  The buffer  was  
replaced by  a new lot  eve ry  2 h. The e x t r a c t  so ob ta ined  
con ta ined  a b o u t  0.5-0.7 mg  N/ml .  

For  qua l i t a t ive  assay  of t r ansaminase  ac t iv i ty  in the  
ex t rac t ,  incuba t ions  were made  in 15 ml  cent r i fuge  tubes  
a t  37 ° C. The  incuba t ion  mix tu re  cons is ted  of 0.4 ml dia lyz-  
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Tubes each containing in 1.0 ml: 0.4 ml dialyzed mycelial extract, 
10 I,M amino-acid and l0 HM ~-ketoglutarate at pH 7-4 (M/15 
phosphate buffer). Incubation at a7°C for 6 h. 0 = no transamina- 
tion; + = about 1-°~l~M glutamate; + + -- 2-41~M glutamate and 

+ + + = 4--6/zM glutamate/ml. 

Concent ra tion Amino-acid of glutamate 

L-tyrosine . . . . . . . . . . . . . .  
DL-threonine . . . . . . . . . . . .  
L-arginino . . . . . . . . . . . . . .  
L-hydroxyproline . . . . . . . . . .  
L-ornithine . . . . . . . . . . . . .  
L-alanine . . . . . . . . . . . . . .  

+ 
0 
0 
0 
+ 

+ + +  
DL-serine . . . . . . . . . . . . . .  
z-methionine . . . . . . . . . . . .  
L-isoleucine . . . . . . . . . . . . .  
DL-leucine . . . . . . . . . . . . .  
L-lysine . . . . . . . . . . . . . . .  
e-proline . . . . . . . . . . . . . .  
L-eysteine . . . . . . . . . . . . .  
L-phenylalanine . . . . . . . . . . .  
L-tryptopbane . . . . . . . . . . . .  
L-citrulline . . . . . . . . . . . . .  
L-valine . . . . . . . . . . . . . . .  
DL-aspartic acid . . . . . . . . . . . .  
L-histidine . . . . . . . . . . . . . .  
Glycine . . . . . . . . . . . . . . .  

0 
+ 

+ +  
+ +  

+ 
+ 
0 

+ +  
+ 

+ +  
+ +  

+ + +  
0 
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ed e n z y me  e x t r a c t  with 10/~M of amino-ac id  and  10 ¢,M of 
~-ke tog tu ta ra te  in a to ta l  vo lume  of 1-0 ml a t  p H  7.4. In 
cases where  L-isomer of the  amino-ac id  was  no t  available, 
20 / , M  nL-isomer was  used.  2 cont ro ls  were  kep t  with 
each  series of expe r imen t ,  one w i t h o u t  e -ke toglu tara te  
a n d  one w i t h o u t  enzyme.  I n c u b a t i o n  t ime  was  6 h. At 
t h e  end  of th i s  period,  t he  t ubes  were  p laced  in a boiling 
w a t e r  b a t h  for 3 min to  end  the  reac t ion  and  l a t e r  centri- 
fuged to  r e mo v e  t h e  p rec ip i t a t ed  pro te ins .  The  formation 
of g l u t a m a t e  in t he  incuba t ion  mi x t u r e  was  demons t r a t ed  
w i t h  t h e  he lp  of p a p e r  c h r o m a t o g r a p h y .  1 /A of the 
s u p e r n a t a n t  was appl ied  in dupl ica te  to \ V h a t m a n  no. 1 
fi l ter  pape r  and  c h r o m a t o g r a p h e d  using phenol -water  
(pH 12.0) and  n -bu tano l ,  acet ic  acid, wa te r  (50:10 : 40) as 
so lven t  sys t ems  respect ively .  Amino-ac id  spots  were 
revealed by  sp ray ing  n inhyd r in  solution.  Along wi th  the 
incuba t ion  mix tures ,  c h r o m a t o g r a m s  were also made 
s imul taneous ly  of d i f fe rent  known  quan t i t i e s  of glutamic 
acid and  the  a m o u n t  of g lu t ama te  fo rmed  by  t ransamina-  
t ion was rough ly  found  by  visual  compar i son  wi th  the 
spots  of k n o w n  g l u t a m a t e  concen t ra t ions .  The Table 
gives the  resul ts  of th is  inves t iga t ion .  

T r a n s a m i n a t i o n  occurred wi th  tyros ine ,  ornithine, 
alanine,  me th ion ine ,  leucine, isoteucine, proline, phenyl- 
alanine,  t r y p t o p h a n e ,  val ine and  asl3artic acid out  of a 
to ta l  of 20 d i f fe ren t  amino -ac id s  tes ted .  M a x i m u m  amount  
of t r a n s a m i n a t i o n  occur red  w i t h  a lanine a t  p H  7.4 and 
wi th  a spa r t a t e  a t  p H  8-5. Tile resul ts  o b t a i n e d  above are 
essent ia l ly  s imilar  to  those  ob ta ined  b y  FI:,'CHAM 9 in Neu- 
rospora crassa and  b y  BIGGER-GEHRING 1° in  yeas ts .  Unlike 
these  two  organisms,  however ,  o rn i th ine  in t he  case of 
F u s a r i u m  does n o t  so readi ly  undergo  t ransamina t ion  
wi th  ~-ketoglutara te .  

I n  an imals  t r a n s a mi n a s e s  are localized in t h e  particu- 
late c o m p o n e n t s  of t h e  celP a. According to  t h e  investiga- 
t ions  of FINCHAM ~, however ,  t r ansaminase s  seem to be 
p resen t  in the  c y t o p l a s m  in Neurospora .  To find out 
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w h e t h e r  a s imi la r  s t a t e  of affa i rs  ex is t s  in  Fusarium, t h e  
mycel iaI  e x t r a c t  was  m a d e  par t ic le - f ree  b y  e i t he r  f i l ter ing 
it  t h r o u g h  k iese lgnhr  9 or  s p i n n i n g  t h e  e x t r a c t  a t  19000 g 
in a r e f r ige ra ted  cen t r i fuge  for  30 m i n  a t  2 ° C. W h e n  such 
ex t r ac t s  were d ia lyzed  a n d  t h e n  t e s t e d  for t r a n s a m i n a s e  
ac t iv i ty ,  e s sen t i a l ly  t he  same  resu l t s  were o b t a i n e d  as 
wi th  o r d i n a r y  ex t rac t s .  Th i s  m i g h t  m e a n  t h a t  t r ans -  
aminases ,  a t  leas t  in fungi ,  are  n o t  conf ined  to the  par t i cu-  
late f r ac t i on  as in  an imaD.  

I thank Prof. P. 3[AHEStIWARI, Head of the Botany Department 
for providing laboratory facilities. 

B .  D .  SAN~VAL 

Department o/ Botany, University of Delhi (India), 
April 8, 1958. 

Zusammen[assung 

Aus 17usarium lycopersici wurde  ein E n z y m p r / i p a r a t  
gewonnen,  welches  Glutamins~iure  d u r c h  T r a n s a m i n i e -  
rung  aus  c~-Ketoglutars~Lure bi ldete .  V on  den  gepr t i f ten  
20 Aminos~iuren d i e n t e n  die fo lgenden  als D o n a t o r e n  der  
A m i n o g r u p p e  : Tyros in ,  O r n i t h i n ,  Alan in ,  Meth ion in ,  Leu- 
cin, Isoleucin ,  Prot in ,  P h e n y l a l a n i n ,  T r y p t o p h a n ,  Val in  
und  Asparag ins~ure .  Das  T r a n s a m i n a s e s y s t e m  sche in t  
n i ch t  a n  S t r u k t u r e n  des  C y t o p t a s m a s  g e b u n d e n  zu seth. 
Die R e s u l t a t e  s t i m m e n  im P r i nz i p  m i t  j e n e n  i iberein,  
welche bet  Neurospora u n d  be t  He fen  g e f u n d e n  wurden .  

S p e c i f i c  R o t a t i o n  o f  P h e n y l a c e t y l g l u t a m i n e  

E x c r e t e d  b y  C a n c e r  P a t i e n t s  a n d  N o r m a l  S u b j e c t s  

Accord ing  to I~6GL 1, t u m o u r  t i ssue  p ro te ins  c o n t a i n  
s u b s t a n t i a l  a m o u n t s  of t h e  ' u n n a t u r a l '  fo rms  of some ~- 
a m i n o  acids,  p a r t i c u l a r l y  D-g tu tamic  acid.  These  f indings  
h a v e  been  d i s p u t e d  ~, b u t  r e c e n t  work  of }-IILLMANN el al. 8 
lends f u r t h e r  s u p p o r t  to  the  poss ib i l i ty .  

I t  was  t h o u g h t  t h a t  t he  fol lowing p rocedure  m i g h t  
th row some l i gh t  on  t i le  ques t ion  of t he  occurrence  of 
B-glutamic  acid in cance r  pa t i en t s .  

W h e n  p h e n y l a c e t i c  acid is inges ted  b y  h u m a n s ,  con-  
juga t ion  w i t h  g l u t a m i n e  occurs  (o ther  m a m m a l s  util ise 
glycine ~) a n d  l a e v o r o t a t o r y  p h e n y l a c e t y l g l u t a m i n e ,  
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C , H s C O N H C H ( C O O H  ) (CHz) 2CONH2, is exc re t ed  in t h e  
u r ine  5. I f  D- as well  as  L-g lu tamic  ac id  is a v a i l a b l e  for  
p ro t e in  syn thes i s  in  c a n c e r  p a t i e n t s ,  i t  s e e m e d  poss ib le  
t h a t  b o t h  ' n a t u r a l '  a n d  ' u n n a t u r a l '  f o r m s  of g l u t a m i n e  
m i g h t  also occur  in these  pa t i en t s .  T h u s  the  specif ic  r o t a -  
t ion  of p h e n y l a c e t y l g l u t a m i n e  (PAG) exc re t ed  b y  c a n c e r  
p a t i e n t s  shou ld  be lower t h a n  t h a t  of t he  c o n j u g a t e  f rom 
norma l  sub jec t s  b y  an  a m o u n t  d e t e r m i n e d  b y  t he  q u a n t i -  
t y  of D-g lu tamine  ava i l ab le  for con juga t i on .  Since p h e n y l -  
acet ic  acid in smal l  doses is we l l - to l e ra t ed  b y  h u m a n s  6 
(PAG has  been  obse rved  as a n o r m a l  m e t a b o l i t e  in h u -  
m a n s  7) i t  was dec ided  to c o m p a r e  p o l a r i m e t r i c a l l y  con-  
j uga t e s  f rom n o r m a l  pe r sons  a n d  f rom c a n c e r  cases w h o  
ingested smal l  a m o u n t s  of p h e n y l a c e t i c  acid.  

I n  the  e x p e r i m e n t  now repor t ed ,  2 ma le  c a n c e r  p a t i e n t s  
a n d  1 male  n o r m a l  sub j ec t  e ach  rece ived  b y  m o u t h  I g of 
pheny tace t i c  acid (as s o d i u m  sa l t ;  100 ml of  b i c a r b o n a t e  
solut ion)  and  the  dose was r epea t ed  3 h la ter ,  Ur ine  was  
col lected u n d e r  to luene  for 24 h f rom tile s t a r t  of t he  ex- 
pe r iment .  The  ur ines  were c o n c e n t r a t e d  a t  35 -40°C  in  
vacuo, acidif ied w i th  su lphur i c  acid a n d  e x t r a c t e d  con-  
t i nuous ly  w i th  e thy l  ace t a t e  following, w i t h  a few modi -  
f ications,  t he  m e t h o d  of THIEICFELDER a n d  SHERWIN 5. 
The  products ,  wh ich  were o b t a i n e d  as s i lky wh i t e  f lakes  
a f t e r  one c rys t a l l i s a t ion  f rom e t h y l  ace t a t e ,  m e l t e d  in-  
def in i te ly  a t  a b o u t  110°C a n d  d e c o m p o s e d  v igo rous ly  a t  
--~ 120°C. Desp i te  t he  s imi l a r i t y  in m e l t i n g  p o i n t  be-  
hav iour ,  n i t rogen  ana lyses  (see Table ,  col. 3) showed  t h a t  
t h e  subs t ances  were no t  pu re  P A G  (for w h i c h  c a l c u l a t e d  
N %  = 10.6), and  m a n o m e t r i c  s tud ies  ~ (Table ,  col. 5 ) i n -  
d ica ted  t h a t  t hey  con t a ined  app rec i ab l e  a m o u n t s  of urea.  
THIERFELI)ER and Sm':RWlN 5 ob t a ined ,  in  a d d i t i o n  to  
pure  PAG,  a complex  cons i s t ing  of 1 mole P A G  + 1 mole  
u rea  for which  t hey  recorded  a specific r o t a t i o n  of -- 14 °. 
In  our  experience,  i t  was found  t h a t  w i t h o u t  t a k i n g  s teps  
to  remove  urea  before e x t r a c t i o n  of t he  ur ine  w i t h  e t h y l  
~metate, PAG p roduc t s  c o n t a i n i n g  up  to severa l  moles  of 
u r ea  could be  isolated.  

Fo r  t he  p resen t  e x p e r i m e n t ,  no  a t t e m p t  was m a d e  to  
e l imina te  u rea  f rom the  onee-c rys ta l l i sed  p roduc t s ,  t h e  
ro t a t i ons  of which  were m e a s u r e d  in d is t i l led  w a t e r  a t  

20°C. Fo r  ca lcu la t ion  of t he  specific r o t a t i o n  [el, t h e  
we igh t  of P A G  in each  p r o d u c t  was e s t i m a t e d  b y  sub-  
t r a c t i n g  the  we igh t  of u r ea  as d e t e r m i n e d  (a) b y  m a n o -  
m e t r y  and  (b) by  ca l cu la t ion  f rom N %  (assuming  t h a t  
t he  prodt lc t  c o n t a i n e d  1lAG a n d  u rea  on ly ;  no g lucu ron ide  
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~6H0 (U.H.I); Hoppe-Seyl. Z. 94, 1 (1915). 

6 C. I ). StiZRWXN and I,L S. I'-~.ENNARD, J .  bi(~l. Chem. 4o, '25q 
(l~.)l~). 

7 XV. H. STETS, A. C. 1)AI.AI)INI, C. 1|. VV. lhRs, and S. MOORE, 
j .  A)ner. chem. See. 7ti, 214.18 (195.1). 

s tI. A. KREI)S and K. ttV;NSEf.V:IT, t-h)ppt,-Neyl. Z, etO, :13 {19:|'21. 

Specific rotations of phenylacetylghttamine excreted by cancer patients and a normal sut)jeet 

Subject 

L 
M 

N 

Condition 

Myeloid leukaemia 
Tera toma of testis (operated). Ex- 
tensive secondaries in pars-aort ic  
region and widespread deposits in 
lungs 
Normal 

F()lllld 
N% 

16"5 

21"1 
17'1 

Calculated 
/l re ,'1. ~o 

16-4 

29.2 
18.0 

PAG complex from urine 

~lallO- 
metric 
urea % 

29.4 
20.3 

g cmnplex] 
lltll g w a t e r  

2.0087 

1.9785 
1.9646 

-0 .302  

- 0.241 
-0 .285  

I'oclg o corrected fl,r 
tlr(,a °/o as 

calculated deternfined 
mauometr. 

- 17.97 

- 17.45 - 17.45 
- 18.34 - 18.17 


