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I:ig, :.  At ) . t~rp t ion  .'g~L~ctrum of  p u r i h e d  n i t r a t e  r ~ d u c t a s ~  f rom zl.  fische~i. 

l ' l t r acen t r i fuga l  studies indica*_ed the presence of  a t  least twu components ,  a 
sh)w moving fract ion with an s2o.w value of  abou t  z.5 and a fas ter -moving c o m p o n e n t  
wi,h an s~0.w value of  ab~,ut 4.5- Though  it was not  de te rmined  which of  the  two 
componen ts  represents  the enzyme,  these re.~ults indicate tha t  n i t r a t e  rcduc tase  
fr~,m .4. ~sN~eri is a much smaller m()lecule than  the enzyme  from Escherichia coil ~ 
which is repor ted  to  have  a st0.w value  of  25 cor responding  to  a molecular  weight  of  
a l 3 o u t  I OOO 0 0 0 .  
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P.~ xoc  ~6 

y, 8-Dtoxovalerate aminotranaferl~e a~iv i ty  In flhodep~,domcna, spheroldm 

I t  w ~  previnusIy reported L that L-a-alanine*~,~-~oxovalerate a ~ n o t r a n s f ~  
( t r a n s a m i n a ~ )  ac t iv i ty  is present  in Rhodopseudomanas sphcroidcs ex t rac t s ,  and  
tha t  in con t ras t  to  an e n z y m e  de tec t ed  in m a m m a l i a n  tissues t - t ,  L-a-a!anine and  
fl-alanine axe f rom 5--7 t imes more  effect ive t han  L-glutamic acid. T ransamina t ion  

Bio¢ltim. Biophys. Acta, 67 (1903)  114:;I-345 



PRELIMINARY NOTES ~-~3 

between 6-aminolaevulic acid and pyruvatt ,  ha t  ~".'r~ observed in cell-free extract.-, 
of  Corynebawtt:rium diphtlu'riae z. Detail-, h~r the ,t:.~a,." of enzyme act ivi ty  in Rps. 
s[gheroides ext rac ts  by measuring b-amin~laev~tlic :v i,! f~rmati<m, and the effect of  
growth  conditions on act ivi ty ,  have been reportt.~l ~. 

I t  is the purpose of this communicat ion to r~.p~rt the partial purification of 
the transamina.se, and pre~,nt infi~rm~tti~m on substrate stx-cificity and some e ther  
properties of  the enzyme. 

Cell-free extracts  of Rps. spheroides wet"-- prepared as previously described a. 
These ex t rac ts  were t reated by heat ing ;~ 50 ¢ for t¢~ rain, the additi~m of prot~.nfino 
su lphate  to a concentra t ion of o.33°.,o at 4", ~tltd fractionati~m with (NH02SO ~ to 
3 o %  sa turz t ion  at  25 ~. Material precipitated at each ~tep was disc~lrded. The 
precipi tate  obta ined by 4o°,.~, saturaticm of th,, .~nl×.rnatant with (Nll4)zSO s w;~.~ 
retained. Approx. 4o°~, tff the ac t iv i ty  present lit the original extracts  was obtained 
in the 3o -4o% sa tura ted  f rac t i .n ,  which had it specific act iv i ty  In times that  ~f the 
cell-free extracts.  All the zbove ~teps were carried ~,ttt in o.I bl KHaP()t-K-.HPO4 
buffer (pH 7)' A further  z,5-fold purification was achieved by column ch roma t , -  
g r aphy  on DEAE-celluiose. During concentrat ion-gradient  clution with o.o 5 o.3 M 
phosphate  buffer (pH 7) peak enzyme act ivi ty  was rex:orded in fractions eluting 
from the column at a buffer concentrati~m t~f a p p r . x . o . x  7 M. Of the enzyme applied 
to columns, al)c~ut 5o~o L; rec~',vered m ti~e peak fractions. In a number  of purifica- 
tions, it has been found necessary to dialyse enzynte preparat ions against t m M  
~-mercaptoethanol .  and tiffs is now done routinely before ac t iv i ty  assays are carried 
out. L,a-Alanine is used as the amino-group d<m~:r in such assays, and all measure- 
men t s  are made  a t  the pH optinu~m, i.e. pH 7- The enzyme is stable fi)r several 
mon ths  when stored at - r5 ~. 

Enzyme  ac t iv i ty  measured a t  a protein c,m¢'entration of  less than ~-5 mg/ml 
using crude cell-free ex t rac ts  is not inhibited by bovine plasma albumin at  a con- 
centra t ion of  7.5 mg/ml  during pre-incuhation with dioxovalerate for 22 rain at 37 ~. 
At  twice this a lbumin  concentrat ion inhil>ition was t 3%.  Using protein from en- 
zymical ly  inact ive fractions obta ined during column chromatography  of  enzyme 
preparat ions,  no inhibi t ion was catL~ed by pre incuba t i .n  of dioxovalerate  with 5 mg 
protein/ml.  

The abi l i ty  of fl-alanine to replace a-alanine as the amino-group donor is lost 
dttring so-fold purification of  the transamina~e, a-Amino-n-butyric ,  a-azninc-iso- 
butyr ic ,  i f-amino-n-butyric,  and /J-amino-i.,,obutyric acids are inactive. .~rine,  
taur ine,  g lutamine,  a~paragine, ght tamic and aspar~.ic acids, lysine m~d cysteine all 
have  negligible act ivi ty.  Glyeine and  orni thinc have le~ than  ~o?.f, of the ac t iv i ty  of 
,,-alanine. Cysteine causes 90% inhibit ion of zct iv i tv  when an equimolar  amoue t  is 
added  s imul taneously  with the al-xniiw substrate.  L_~sine and ornithhae both cause 
approx,  ~o% inhibit ion under  similar circumstances. The w amino monocarboxylic  
acids ~,-amlno-n-butyric, b-amino-n-valeric, and e-amino-n-caproic, t ransaminate  at  
xz2, 95, and  to3')o of the rate of a-alanine using 25-fold purified enzyme. Trans- 
amina_~e activit ies with alanine and  the o~-amino acids referred to alx~ve are all 
inhibi ted approx, z o %  by equimolar  concentrat ions of lysine or ornithine. At a 5-fold 
d iamino acid concentrat ion,  lysine inhibits in all cams by  60?,;,, whereas inttibition 
by  orni thine is only slightly increased. Equim~lar  amounts  of  cadaverine and  fl- 
alanine caused ~4 and ~o/~ i-bibi t ion,  respectively. 
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Alanine-dioxovalerate  t ransaminase  appears to be a su lphydry l  protein, and 
is inhibited by a number  of reagents reacting with suifydryl  gr~,uf_,-~. Thus, iodo- 
acetate  and ~-iodopropionate reduce ac t iv i ty  by  3o°/o when pre- incubated with 
enzyme at xo 3 M. for 3o rain at  37 ~, before the addi t ion of  substrates.  Under  iden- 
tical condition.~, inhibition by  iodoacetamide or chloroacctamide is negligible, p- 
ChlOtomercuribenzoate inhibits by  7 8 ~  a t  L 3 6 '  xo '~ M. At a concent ra t ion  of  xo -~ M, 
thiogtyc~dlate inhibits by  7 4 ~ ,  and at Io -~ M by 2X°'~. Gluta th ione  t,r ~-mercapto- 
ethanol restore the ac t iv i ty  of aged enzyme preparat ions optimally" at  xo -~ M. 

Amino~hiol inhibit ion has been ~hserved with a number  of pyridoxal  phosphate-  
dependent  enzymes ~-~°, and  alanine--dioxovalerate t ruasz l f ina t ion  is inhibi ted by  
cysteamine,  peniciilamine, homoc_vsteine and cs~:teine. In the case of cys teamine  and  
cysteinc, ac t iv i ty  is restored by  stoicheiometric amoun t s  of added pyr idoxal  phos- 
phate.  Inhibi t ion by the carbonyl  reagent  isonicotin~c acid hydrazide ~ is progressive 
with t ime of  preincubat ion with enzyme,  whereas inh tbition by amino-oxyacet ic  acid tl 
appears to be complete within 2 rain when preincubated a t  a concentrat ion of  xo  - s  M. 
The prosthetic group appear,~ to be t igh t ly  bound to a lanine-dioxovaicra te  apotrans~ 
aminase, and added pyr idoxal  phosphate  has no efft~ct on activity'. 

Pre l iminary .~creening of dioxovalerate  analogues has shown tha t  inhibit ion is 
effected bv a wide var ie ty  of a-oxocarlmxylic acids, oxo-aldehydes,  dicarboxylic 
acids and other  dio×o compounds.  Measurements  were made  using alanine at  a 
concentrat ion 3o-fold greater than  tha t  of the dioxo sub6trate. The foUowhlg com- 
pounds inhibit,  by the percentage of control ac t iv i ty  shown, when pre incubated  
with  enzyme for IO min at a concentra t ion equimolar  to  t h a t  of d ioxovalera te :  
Glyoxylic acid, 86°..,.: pyruvic acid. 56% ; oxaloacetic acid, 2x~/o; a-oxoglutara te ,  
5 % ;  gtyoxal, x8%;  methvlglvoxal,+ . 9x% ; oxalic acid, 5°~'Jo, succinic acid, x4%," 
diacetyl .  9 8 % :  acetylacetone,  32°./o: acetonytaceton¢,  3 I ° ;  e thyl  acetoaceta te .  
4 o ° ;  benzoylacetone,  55°~,; and o-phthala idehyde.  49%- Considerably greater  in- 
hlbition occur~ in alt cases at  higher relative concentra t ions  of  suhs t ra te  analogue. 
The amount  of monomer  present in reagents known to undergo some degree of poly- 
meri.~,ation ha~ n¢~t he~.~n determined.  

Substra te  inhibit ion occurs when dioxovalerate  concentrat ions exceed x.3 raM, 
i.e. one- tenth  the alanine concentrat ion used in the s t andard  ac t iv i ty  assay proce- 
dure ~. \Vh¢-n the alanine concentrat i tms are o.o 4 and  o.xz M, the diox0valerate con- 
centrat ions at  which inhibit ion bccome.~ apparent  axe x. 7 and 2.o raM, regpectively. 
Using a range of substra te  concentrat ions which avoid inhibi t ion by" excess, apparen t  
Michaelis constants  were obta ined  by the kinetic procedure of  VELICK AND VAVI~A !$. 
For alaninc and dioxovalerate,  the Km values were approx. 8.0 and o.4 raM, re_~pec- 
tively. The measurement  of  t ransamina t ion  using &aminoiaevula te  and Fyruv.- te  as 
substrates  is hindered by the s t rongly inhibi tory  effect of  pyruva te ,  but  techniques 
are being developed to overcome this difficulty. 
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pN xoo~.8 Cr)  ~talllne L-aspartate 4.¢.arboxy-lyase 

X-aspa r t a t e  4 - c a r h o x y - l y a s e  (E.C. 4 . I . t . a2 ) .  which  ca ta lyse~ the  ¢'ormation t~f ,l- 
a ler t•n•  a n d  CO a b y  t h e  f l - d e c a r b o x y l a t i o n  of  L-aspa. t a t • .  hi l t  been  p rev ious ly  demot t -  
s t r a t e d  to  be  p r e s e n t  in a n u m b e r  o f  tnicro-orgalti.~ms, inc lud ing  Desulfovibrio desr~".- 
furicgnslo Nocardia gloherula t a n d  Clostridium perf~'i~:gens ~.4. T h e  e n z y m e  has betm 
p a r t i a l l y  pur i f ied  f r o m  C!. perfriugens by  NISItI.MITRA0 MANNING AND MEI-G'['ER l a n d  
has  been  s h o w n  to c o n t a i n  f i r rn ly - lxmnd p y r i d o x a l  5 ' - p h o s p h a t e ;  a s p a r t a t e  decar -  
b o x y l a t i o n  was  s t i n t u l a t e d  b y  the  f u r t h e r  add i t i on  ~f  p y r i d o x a l  .5 ' -phosphate  and  
a - k e t o  ac ids  ~-*. T h i s  c o m m u n i c a t i o n  de.~crihe.~ the  cry.~ta2lization, and  . ~ m e  nf the  
p rope r t i e s ,  o f  L - a s p a r t a t e  4 - c a r b o x y - l y a s e  leon• Ac/,tomobacf.er sp. 

C u l t u r e s  o f  Ach~,mc, oboclev d- I  5 (ref. 5) were  g rown at  3 °0 in 8o 1 of  basal  salts  
m e d i u m  c o n t a i n i n g  25 r a M - a m m o n i u m  d(-c-) t~rxrate  as stile source  ot c~arbon and  
n i t r o g e n  a n d  harve~t~-d ~cveral  hou r s  a f t e r  ces.~a.tion tK loga r i thmic  g ro w th .  Step I. 
Cell expect .  CelLs (35 g d r y  ~ . )  were  suspended  in w a t e r  to  58o ml and  were  dis- 
r u p t e d  b y  p a ~ a g e  t h r o u g h  a F r e n c h  P res su re  Cell at 12 ooo lb / in  a. fol lowed b y  t r ea t -  
.*-.,ent for  5 ra in  m an  " M . S . E . "  u l t r a ~ m i c  disit,tt ' .srah~r oper~¢.:ng a t  I. 4 A. T h e  ex-  
t r a c t  t h u s  o b t a i n e d  was  cer~tt i fuged a t  25 ooo × g for 3o rain.  t h e  p r e c i p i t a t e d  
m a t e r i a l  was  d i s c a r d e d  and  t he  s u p e r n a t a n t  soluti~m w~Ls d i l u t ed  to  x6 mg o f  protein,,  
ml  w i th  p o t a s s i u m  r e a l • a t e  ( pH  5.o), L -a sp a r t a t c  anti  p y r i d o x a l  5 ' - p h o s p h a t e  to  
f inal  c o n c e n t r a t i o n s ,  resl~'cti '~ely, o f  5o mM,  t o  mM and  o . I  raM; the  p H  was ad-  
j u s t e d  to  5 .o  wi th  x N ace t i c  acid.  Step 11. Heat treatmenL T h e  so lu t ion  wa~ k e p t  at 
5o ° for  I h, cooled ,  m i x e d  wi th  p ro tana ine  s u l p h a t e  ( " • x - h e r r i n g " :  L. L igh t  & Co.; 
I g / 2o  g o f  p ro te in )  a n d  ammon~mm s u l p h a t e  ( to 3o~'h s a tu r a t i o n ) ,  anti  was  cen t r i -  
f uge d  a t  77 ooo  × g un t i l  t h e  s u p e r n a t a n t  so lu t ion  was c lear  (3--I2 h). T h e  soiutior,  
was  a d j u s t e d  to  p H  7.o wi th  I5  N N H , O H .  Step I I l .  A m m o n i u m  sulphate fraaiona-  
tio,f. A m m o n i u m  s u l p h a t e  wa.,~ a d d e d  to  5o°/g . ~ t u r a t i o n ;  the  r e s u l t a n t  p r ec ip i t a t e ,  
co l l ec t ed  b y  c e n t r i f u g a t i o n  for 3o rain at  x5 n ee  × g. was d i scarded .  F u r t h e r  add i -  
t i o n  o f  a m m o n i u m  su lpha te ,  t o  6 8 ~  sa tu t  a t iun ,  y i e lded  a p r ec ip i t a t e  which  was 
co l lec ted  b y  c e n t r i f u g a t i o n  a n d  d isso lved  in o . I  M .~adium a c e t a t e  ( p H  5.o). Step IV .  
p H  Free•lena•ion, The  disso lved  p r e c i p i t a t e  was d i a lysed  aga ins t  o . I  M s o d i u m  
a c e t a t e  (pH 7.o). Mater ia l  p r e c i p i t a t e d  in t h e  dialysis  t u b e  x~ras co l lec ted  b y  cen t r i -  
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