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Summary 

Investigation of  polarlzed-hght absorption spectra of  single crystals of  cyto- 
sohc aspartate transammase (L-aspartate 2-oxoglutarate ammotransferase, EC 
2 6 1 1) from chmken heart has revealed that  the coenzyme's absorption bands 
at 430 and 360 nm are polarized m opposite directions, both m crystals of the 
free enzyme and m its complex with a quasl-substrate, 2-methylaspartate. The 
opposite signs of  polarization of  the 430 and 360 nm bands of  the free enzyme 
mdmate different orientation of  the pyndme  ring of  pyndoxal  5'-phosphate m 
the protonated and non-protonated forms of  the 'internal' coenzyme-lysme 
aldunme These data suggest that  reonentat lon of the coenzyme ring occurs 
mainly m the hrst  step of  the catalytm reaction, assomated with proton transfer 
from the NH~ group of  amino acid substrate to the coenzyme-lysme aldlmme. 

Absorptmn bands at 333 and 430 nm are seen m the spectra upon soaking 
the crystals m solutmns containing aspartate, glutamate or cystemesulfmate 
Both bands are polarized m the same dlrectmn as is the 430 nm absorptmn 
band of the protonated internal aldlmme. Soakmg the crystals m solutmns con- 
taming 2~xoglutarate ,  glutarate or maleate reverses the sign of  polarlzatmn of 
the 430 nm band. High concentratmns of  acetate reduce the same effect. Thus, 
bmdmg of  dmarboxylate or acetate anmns m the active site of  aspartate trans- 
ammase appears to result m partml or complete return of  the coenzyme nng to 
a positron similar to  that  of  the non-protonated internal aldlmme 

* A prehmmazy short commumcatlon has been pubhshed [9] 
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Introductmn 

Rota tory  changes m positron of  the coenzyme, pyndoxal  5'-phosphate, 
assocmted with the catalytm cycle of  aspartate transammase, were first sug- 
gested m 1966 by  Braunstem et al [1] and Karpelsky and Ivanov [2] on the 
barns of  general typochemmal conmderatmns and of  studms concerning changes 
m optmal act lwty of  enzyme-bound pyndoxal  5'-phosphate at sequentml stages 
of  the transammatmn reactmn [3,4] Support  for this Idea came from mveshga- 
tmns of  the stereochemlstry of  t n t m m  addltmn to the C-4' atom of  pyndoxal  
5'ophosphate on reductmn with NaB[3H]H4 of  the internal and the substrate 
aldlmmes m the actwe site of  the transammase [5] Recent X-ray findings con- 
firmed that movement  of  the p y n d m e  rmg of  pyndoxal  5 '-phosphate does take 
place m the course of the catalytm reactmn [6] However, the actual mode of 
the change m coenzyme positron is still uncertain, and it IS not  known at whmh 
mtermedmte steps it occurs To clarify these questmns, polanzed-hght absorp- 
tmn spectroscopy of single crystals of  the enzyme can be used. Changes of 
polarlzatmn ratms of  absorptmn bands may result either from a change m 
dlrectmn of  the transltmn dipole moment  within the coenzyme ring or from 
reorientatmn of  the rmg. This approach was first apphed by  Metzler et al. [7] 
m their studms of  crystals o f  cytosohc aspartate transammase from pig heart. 
Reported below are the results of  our studms on polarlzed-hght absorptmn 
spectra of  crystals o f  chmken heart cytosohc aspartate transammase and its 
complexes with substrates and substrate analogues. Crystals of  the chicken 
enzyme differ from those of  the homonymous  pig lsozyme m shape and the 
packing arrangement of  protein molecules m the umt cell [8 ]. Our findings pro- 
vide addltmnal ms~ht  into the nature of  reonentatmns of  pyndoxa l  5'-phos- 
phate m the active site of  the  transammase. 

Materials and Methods 

Chemicals L~Aspat'tlc, 2-methyl-DL-aspartm, L-glutamm, L~ystemesulfmm, 
2<)xoglutanc, glutaric and malem amds were purchased from Sigma Chemmal 
Co. Poly(ethylene glycol) was obtmned from LOBA-Chemm (Vmnna) All 
other chemmals were standard reagent grade. 

Preparation and crystalhzatlon of  the enzyme Cytosohc aspartate trans- 
ammase was Isolated from chmken hearts by  using the procedure of  Kochkma 
et al. [ 10] Crystals were grown essentmlly as described earher [8 ] m test-tubes 
by overlaying of  a combmed CsC1 and (NH4)2SO4 solution and protein solution 
contammg 0 1 M 2-methyl-DL-aspartate. The following modlfmatlons were 
mtroduced m the crystalhzatlon procedure (a) EDTA was omit ted  from solu- 
tions, (b) 0.1 M potassmm phosphate buffer,  pH 7 5, was included m both  
sahne and protein solutmns. In a series of  crystalhzatmn experunents,  2-meth- 
yl-DL-aspartate was replaced by  5 mM 2~xoglutara te  Wlthm a week, crystals 
reached dlmenmons of  up to 0.15 X 0.5 × 1 0 mm. Crystals o f  smaller size were 
obtained m the absence of  2-methyl-DL-aspartate or 2-oxoglutarate Crystals 
were stored m the followmg stabilizing solutmn. 60% saturated (NH4)2SO4 
m 0.3 M potassmm phosphate, pH 7.5. The crystals are of  pnsmatm shape, 
they belong to space group P212121 and have four  dunenc  enzyme molecules m 
the unit cell [8] 
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Spectral studies Polarlzed-lght absorption spectra were measured in a Cary 
118 spectrophotometer  equipped with a polarizer and a special mlcrocell 
whereto single crystals were mounted.  Spectra were recorded with two orienta- 
tions of  the polarizer. In one onenta t lon,  the plane of  polanzatmn of  the inci- 
dent  hght beam was parallel to the crystallographic c-axis, in the other it was 
perpendicular to that  axis, but  not coincident with the a- or b-axis * [9]. 

The orthorhomblc crystals described above are not  suitable for circular 
dmhrolc (CD) measurement, since they are optically anlsotroplc. To record 
CD spectra, we used tetragonal crystals of  aspartate transammase grown m 40% 
saturated (NH4)2SO4 solution [11]. These plate-shaped crystals with dL, nen- 
slons of  0.3 X 0 5 X 0.5 mm consist of  ordered layers of  molecules ~rregularly 
spaced in the dlrectmn of  the 4-fold axis (the hkO precession X-ray photograph 
presented a regular pattern of  reflectmns, whereas on the hkL graph the distri- 
bution of  reflections was irregular). CD spectra were measured with a Jobln 
Yvon dlchrograph mark III. Crystals were oriented in such a way that  the axis 
of  4-fold symmetry coincided with the d~rectlon of the light beam. 

Results 

Spectra of crystals of the free enzyme 
Absorption spectra of  a hnearly polarized hght transmitted through a single 

crystal of  aspartate transamlnase are shown m Fig. la .  The positions of  absorp- 
tmn  maxm~a differ from those of  the enzyme in solution. In the latter case, 
absorptmn maxima are situated at 430 and 360 nm, the two bands correspond 
to the protonated and non-protonated forms of  the internal pyrldoxal 5'-phos- 
phate-lysme aldLmme, respectively [12]. In the spectrum of  a transaminase 
crystal, the 430 nm band proved to be shifted to 405 nm, the positron of  the 
360 nm band is markedly changed m one of  the two polarizations. The 405 
nm band displays a pH dependence whmh is characteristic of  pyrldoxal 5'-phos- 
phate-aldlmmes, 1.e, its intensity diminishes in alkahne media and Increases 
when crystals are soaked m acidic buffer solutions. It seemed plausible that  the 
shift of  the absorption peak from 430 to 405 nm might be caused by formation 
of  an aldlmme between enzyme-bound pyndoxal  5'-phosphate and NH3 ** 
Actually, we found that  transfer of  the crystals from (NH4)2SO4 solution into 
35% (w/v) buffered poly(ethylene glycol) (Mr 6000) or 2.1 M potassmm phos- 
phate solutmns led to 'normalization'  of  the spectrum, Le., to reappearance of  
the usual bands at 430 and 360 nm *** (Figs. l b  and 3). These bands proved to 

* Since the  p lane  of  one  of  the  po la r lza t tons  does  n o t  coincide  w i th  an y  c rys ta l lographic  aXLS, some 
d i s to r t i on  m the  a b s o r p t i o n  s p e c t r u m  of  thts  po la r i za t ion  mig h t  o ccu r  H o w e v e r ,  such dLstortlon 
appears  to  be  msagmf tcan t ,  judging  f r o m  the  fac t  t h a t  ve ry  smula r  po la r i za t ion  ra t ios  w e r e  o b t a i n e d  
w i t h  crysta ls  d i f fer ing m th ickness  

** T h e  r eac t i on  b e t w e e n  the  in t e rna l  p y n d o x a l  5 ' -phospha te - lys ine  aldn'nine and  NH~ m the  e n z y m e ' s  
ac t iv i ty  site m a y  p r o c e e d  as fo l lows  A n  NH~ m proxLmlty  to  the  lmine  doub le  b o n d  d o n a t e s  one of  
its p r o t o n s  to  t he  n~nino N a t o m  (as d o e s  t h e  NH~ group  of  subs t ra te  a m i n o  acid) ,  t h e r e u p o n  t h e  neu-  
t ra l  NH 3 mo lecu l e  a t t a c ks  the  C-4' a t o m  of the  c o e n z y m e  to  f o r m  an aldLmme wi th  p y r i d o x a l  5 ' -  
p h o s p h a t e  T h e  chssoclat lon c o n s t a n t  of  the  p y n d o x a l - a m m o m a  a ldLmme was  f o u n d  to  be  very  large 
m solutaon [13 ]  But  in ou r  case,  the  posat lon of  equ i l ib r ium is evzdent ly  d isp laced m favour  o f  for-  
m a t l o n  o f  t he  aldLrnme, due  to  the  high c o n c e n t r a t i o n  of  NH~ m the  m e d m m  (2 5 M) 

* ** The  d m t n b u t l o n  o f  r e f l ec t ions  a nd  the i r  in tensi t ies  on  precess ton  X-ray p h o t o g r a p h s  w e r e - n o t  al tered  
u p o n  t r ans fe r  of  crysta ls  in to  p o l y ( e t h y l e n e  glycoD or  2 1 M p h o s p h a t e  so lu tmns ,  1 e , the  crystals  
r e m a i n  Lsomorphous  
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Fig 1 P o l a~zed- hght  spectra  o f  single o£'thorhomblc crystals  o f  aspartate  transamlnase  ( ) All, 
absorbance  o f  l ight  polar ized m the  plane pv_rallel to  the  crysta l lographic  c-axis, ( - - - -  - -)  A±, absorbance  
o f  hght  polarized m the  plane perpendicular  to  the  c-axis  (a) A crystal  m 60% sa tu ra t ed  ( N H 4 ) f S O  4 solu- 
t ion  conta in ing  0 3 M p o t a s m u m  p h osp h ate  (pH 7 5) (b) A crysta l  m 35% (w]v)  p o l y ( e t h y l e n e  g lyco l )  
so lu t ion  b u f f e r e d  w i t h  0 1 M potass ium p h osp h ate  (DH 7 5) 

Fig 2 C~rculax dlcb.roic spectra  o f  single te tragonal  crystals  o f  aspaxtate t ra nsa mma se  (a) A crysta l  m 
45% sa tu ra ted  (N H 4)2S O4  so lu t ion  conta in ing  0 2 M potass ium p h o s p h a t e  (pH 7 5) (b) A crysta l  m 
2 0 M p o t a s s m m  phosphate  (pH 7 0) 

be polarized m opposite dtrectlons, both in crystals grown in the absence of  
2-methyl-DL-aspartate and m crystals ftrst grown in the presence of  2-methyl- 
DL-aspartate and then freed from it by thorough washing 

To verify further the formation of  'external' pyrldoxal 5'-phosphate-ammo- 
ma aldLrnlne in the crystalline enzyme, CD spectra were measured of  tetragonal 
transammase crystals grown m (NH4)2SO4 solution Breakmg of  the nnme bond 
between pyndoxal 5'-phosphate and a lyslne residue and formation of  external 
aldlmmes in the active site of  transamlnase are known to be associated either 
with disappearance of  CD in the coenzyme's absorption bands or with mversmn 
of  its sign from positive (in the free holoenzyme) to negative [3,4,12] Actu- 
ally, we found that the crystalhne enzyme displays negative CD in its 405 nm 
band (Fig 2a). Transfer of  the tetragonal crystals from (NH4)2SO4 solutmn to 
2 M phosphate buffer led to the disappearance of the negative CD band and 
appearance of  a positive one at 430 nm, as is displayed by the free holoenzyme 
in solution (Fig 2b) 

Spectra of  crystalhne complexes of  the enzyme wzth substrate and with 
NHfOH 

Soaking of  the orthorhomblc crystals of  aspartate transammase in stablhzmg 
(NH4)2SO4 solution containing a quam-substrate (2-methyl-DL-aspartate) leads 
to normahzatmn of  the spectrum, 1.e., to the appearance of  clear-cut peaks at 
430 and 360 nm [9] Similar absorption maxima are seen m the spectrum of  
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Fig 3 E f f e c t  o f  2 0 m e t h y l a s p a ~ t a t e  o n  polarLzed-hght spectra  o f  single o r t h o r h o m b l e  cxystals  o f  aspartate 
txansammas e  ALI and  A± as m th e  l egend  to  Fig 1 (a) A crysta l  m 2 1 M p o t a s m u m  p h o s p h a t e  buf fer ,  pH 
7 0 (b)  A crys ta l  in 2 1 M p o t a s s m m  p h o s p h a t e  buffe~  ( pH  7 0)  c o n t a l m n g  0 1 M 2 -methy l -DL-a spa r ta te  

the 2-methyl-DL-aspartate-enzyme complex m solutmn [14].  Ewdently, 
2-methyl-DL~spartate dmplaces NH3 from its bond with pyndoxal  5'-phos- 
phate, ymldmg the quam-substrate aldLmme. The effect o f  2-methyl-DL-aspa- 
rate on the spectrum normalLzed by prior transfer o f  a crystal mto 2.1 M phos- 
phate buffer m shown on Fig. 3 It can be seen that on addition of  2-methyl- 
DL-aspartate, absorbance m diminished at 360 nm and increased at 430 nm. 

T A B L E  I 

P O L A R I Z A T I O N  R A T I O S  OF A B S O R P T I O N  M A X I M A  OF A S P A R T A T E  T R A N S A M I N A S E  A N D  ITS 
C O M P L E X E S  W I T H  S U B S T R A T E S  A N D  Q U A S I - S U B S T R A T E S  

A LI and A± as in the  l egend  t o  Fig 1 

A II -- AI 

AlL + AI 

4 3 0  n m  3 6 0  n m  3 3 3  n m  4 9 2  n m  
m a x i m u m  m a x i m u m  m a x i m u m  m a x i m u m  

Free  e n z y m e  0 43 
C o m p l e x  w i t h  L-aspartate  0 51 
C o m p l e x  w t t h  2 - met hy l - DL-asp ar ta te  0 54 
C o m p l e x  w i t h  e r y t h r o - 3 - h y d r o x y - a s p a r t a t e  * 
C o m p l e x  w i t h  2 - o x o g l u t a r a t e  --O 0 2  

--0 10 

--0 10 
0 3 0  

0 1 6  0 0 8  

* Data  f r o m  paper R e f  9 
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Similar results are obtained with crystals transferred into poly(ethylene 
glycol) solution. The 430 and 360 nm bands of the 2-methyl-DL-aspartate- 
enzyme complex are polarLzed m opposite directions Judging from absorption 
and CD spectra recorded m aqueous solution of  transammase [12,15], the 360 
and 430 nm bands of  the 2-methyl-DL-aspartate-complex can be assigned to the 
non-protonated internal and to the protonated external (substrate) aldlmme, 
respectively In accordance with this assumption, 2-methyl-DL-aspartate does 
not  change the polarization ratm of  the 360 nm band and shghtly increases that  
ratio m the 430 nm band (Table I). 

Soaking of  crystals m solutions containing L-aspartate or L-glutamate leads 
to the appearance of  absorption bands at 333 and 430 nm (Fig. 4) The former 
band belongs to the pyndoxamlne  form, and the latter to the protonated sub- 
strate aldunme These two forms of  transammase are m equlhbrlum, just as in 
solutmn The positron of  the equlhbrmm was displaced m favor of  the pyndox-  
amine form when cystelnesulfmate was diffused into the crystals. Both the 333 
and 430 nm bands observed in the presence of  aspartate or glutamate have the 
same sign of  polarlzatmn, ldentmal with that  of  the 430 nm bands displayed by 
the free enzyme and its complex with 2-methyl-DL-aspartate. 

The effect of  NH2OH on the polarlzed-hght spectrum of  crystals is of 
interest This carbonyl reagent breaks the lmme bond between pyrldoxal 
5'ophosphate and a lysme residue to form an oxlme of  pyndoxal  5'-phosphate 
in the enzyme's active site The spectrum of  a crystal into whmh NH2OH was 
diffused is shown m Fig 5. A strong absorption band at 380 nm is seen whmh 
is polarized m the same dlrectmn as the 430 nm band displayed by the proto- 
nated pyndoxal  5'-phosphate lyslne aldunlne 

10 

~o5 
r~ 

300 350 400  450 500 
Wavelength(nm) 

15  

~o 

0 5  

L 

. i 
350 400 450  500 nm 

Wdvelength 

Fig 4 Po lanzed -hgh t  spec t ra  of  a single o r t h o r h o m b l c  t r a n s a m m a s e  crysta l  soaked  m 35% (w/v)  poly-  
( e thy lene  g lyco l ) /0  1 M p o t a s s m m  phos pha t e  (pH 7 5), con ta in ing  0 1 M L-aspar ta te  A[[ ( ) and  A± 
( - - - -  - - )  as m the  legend  to  Fig 1 

Fig 5 Polaxized-hght  spec t ra  o f  a single o r t h o r h o m b m  t z an sammase  crysta l  soaked  m 2 1 M potasslurn 
p h o s p h a t e  b u f f e r  (pH 7 0)  con ta in ing  0 05  M N H 2 O H  A[[ ( ) and  A± ( - - - - - - )  as m t h e  l e g e n d  to  
Fig 1 Slrndaz s p e c t x a  w e r e  o b t a i n e d  m 35% p o l y ( e t h y l e n e  g lycol ) /0  05  M N H 2 O H  solu t ion  
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Fig 6 P o l a n z e d - h g h t  s p e c t r a  o f  a s ingle  o r t h o r h o m b i c  c ry s t a l  o f  t h e  c o m p l e x  o f  a s p a r t a t e  t r a n s a m m a s e  
w i t h  2 - o x o g l u t a r a t e  (0 1 M) m 35% (w]v)  p o l y ( e t h y l e n e  g lyco l )  s o l u t i o n  b u f f e r e d  w i t h  0 1 M p o t a s s i u m  
p h o s p h a t e  ( p H  7 5) All ( ) a n d  AL ( - - - -  - - )  as m t h e  l e g e n d  to  F ig  1 

Fig 7 P o l a n z e d - h g h t  s p e c t r a  o f  a s ingle  o r t h o r h o m b m  c r y s t a l  o f  a spax t a t e  t x a n s a m m a s e  m 6 0 %  s a t u r a t e d  
( N H 4 ) 2 S O  4 s o l u t m n  c o n ~ g  T n s ] 0  5 M a c e t a t e  (pH 7 0)  A[[ ( ) a n d  A j_ ( - -  - - - - )  as m t h e  l e g e n d  
t o  Fig  1 

The effect o f  dzcarboxylate and acetate anions on polanzed-hght spectra o f  the 
crystalhne enzyme 

The spectrum of  a crystal into which 2~xoglutara te  was diffused ts shown m 
Fig. 6. Comparison of  F:gs. 6 and l b  shows that  2~xoglutara te  not  only 
increases the pK value of  the coenzyme's chromophore (cf. Ref 12), but more- 
over, m;certs the sign of  polar:zatlon of  the 430 nm band, 1.e, mduces polariza- 
t ion m the d~rect:on charactenstm for the 360 nm band, although lesser m 
degree Similar effects are reduced by glutarate and maleate. The different 
polar:zatlon ratios of  the 430 nm bands dmplayed by complexes of  aspartate 
transammase w:th inhibitory dmarboxylate amons, on the one hand, and by the 
enzyme complex with 2-methyl-DL-aspartate, on the other, pomt  to differences 
in the nature of  these complexes. 

Strong effects upon polarlzed-hght spectra of  the enzyme crystals are 
produced by the acetate anmn Addlt:on of 0.15--0 25 M acetate buffer 
to the stabfllzmg (NH4)2SO4 solutmn leads to normalLzatmn of  the spectrum, 
Le ,  to replacement of  the 405 nm band by the usual 430 nm band [9]. In 
higher concentratmns (at least 0.5 M), acetate increases the pK value of  the 
mternal aldLrnme and induces depolarlzatmn or even reversion of  polarLzatmn 
of  the 430 nm band (F:g. 7), 1 e ,  it produces an effect SLrmlar to that  of  dmar- 
boxylate anmns This effect was observed m both (NH4)2SO4 and poly(ethylene 
glycol) solutmns 

Dlscussmn 

Oppomte polarLzatlon of  the 430 and 360 nm absorption bands of  crystals 
of  free (non-hganded) aspartate transammase m of  cons:derable interest. Thin 
fact can be explained e:ther by different onen ta tmn of  the coenzyme nng :n 
the protonated and the non-protonated forms of  the internal aldimme or by 
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differences in direction of the transition dipole moment  within the coenzyme 
ring The latter assumption seems unlikely, since quantum-mechanical calcula- 
tions indicate that  protonatlon of the aldumne N does not noticeably change 
the direction of  the transition dipole moment  (Sawn, F A ,  personal communi- 
cation) 

Another posslblhty is that  a trans-old to cys-old reorlentatlon of  the lmlne 
double bond (relative to the 3-OH group of  pyrldoxal 5'-phosphate) may occur 
in the protonatlon step Quantum-mechanical calculations indicate that  such 
reorientatlon would be accompanied by a 10 ° shift In direction of the transi- 
tion dipole moment  [15]. However, recent X-ray findings seem to rule out such 
reorientation of  the imme bond m the first steps of  the catalytic reaction [6] 

Fmally, one should take into account that  the crystals under study contain 
four duneric enzyme molecules in the unit  cell [8] All these molecules have 
identmal projections along the crystallographic axes, however, projections of  
the two subunIts m one dimerlc molecule may be non-coincident Since the 
immedmte surroundings of  subumts in crystals differ, this might cause a differ- 
ence in pK values of the coenzyme Thus, one may imagine that  one subunit 
contains mainly the protonated internal aldimine and the other its non-proto- 
nated form at the same pH If this were the case, oppomte polarization of  the 
430 and 360 nm bands might be due to differences in potation of  the two sub- 
units in relation to crystallographic axes rather than to differences in orienta- 
t ion of  the coenzyme ring in one subunit This suggestion can, however, be 
rejected for two reasons. First, the pH dependence of  the absorptmn spectrum 
of  the crystalline enzyme within the pH range from 5 to 8 proved sumlar to 
that  of  the enzyme m solutmn. Second, opposite polarization of  the 430 and 
360 nm bands has also been observed in linear dichrolsm spectra of aspartate 
transaminase artificmlly oriented in polyacrylamlde gel [16]. 

Summarizing the facts discussed above, we can infer that  protonation of  the 
internal pyndoxal  5'-phosphate-lysme aldlmine does mduce reonenta tmn of  
the pyndme ring in the active site of  aspartate transammase Judging from the 
change in polarization ratio, the angle of  rotat ion of  the ring may amount  to 
approx 25 ° Such rotat ion is apparently associated with the f~rst step of  the 
catalytic reactmn, namely with proton transfer from the NH~ group of  sub- 
strate ammo acid to the imine N Protonation of  this atom should lead to 
formation of  a chelate hydrogen bond with the 3'-OH group of  the coenzyme 
and consequently to breaking (or much weakening) of  a hydrogen bond 
between this group and a nucleophihc group of  the enzyme protein (such a 
bond with the remdue Tyr-225 was recently postulated for the chicken mlto- 
chondnal  aspartate transaminase on the basis of X-ray mvestlgations [6]): 

I -OOC--CH--CH2--COO- 

(~) O H 2 C ~ O -  HO--~yr 

~N / "CH3 
H + 

-OOC__CH_.CH2__CO 0 - 

CH j j  ~H NH2 

®~OH2C~c'-H~ HO--Ty~ 
H ÷ 
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Breakmg of  the latter bond makes possible rota t ion of  the p y n d m e  rmg As a 
result, the C-4' a tom of  the coenzyme moves towards the nucleophlhc neutral 
amino group of  the substrate Thus, pro tonat lon  of  the internal aldlmme pro- 
vldes not  only electronm, but  also necessary geometnc  prereqmsltes for  reahza- 
h o n  of  the next  step o f  the enzymm reachon,  namely t ransammatlon Our 
fmdmgs do not  exclude the posslblhty that  a fur ther  mmor  r o t a h o n  of  the 
pyndoxa l  5 '-phosphate ring occurs m this step, whereto the  substrate's amino 
group displaces the N ~ atom of  a lysme remdue from its unme bond with pyn-  
doxal 5 '-phosphate to form the substrate aldnume. 

The scheme out lmed above is consistent with our  observatmn that  soaking 
of  crystals of  the free enzyme m solutmns contammg dmarboxylates or a high 
concentra tmn of  acetate reverses the sign of  polarlzatmn of  the 430 nm band 
Many spectral and kmetm data strongly mdmate that  the 1mine N atom serves 
as binding site for  certain mono- and dmarboxylate  amons [17--19] Hence, it 
may be referred that  the amon bound m the active site of  transammase forms 
a hydrogen bond with the ~mme N As a consequence,  a hydrogen bond 
between this a tom and the coenzyme's  3'~3H group is broken and the hydro- 
gen bond between the latter and a nucleophflm protein group (such as the OH 
group of  Tyr-225) is reconst i tuted This may result m partial or complete  
return of  the pyndoxa l  5 '-phosphate ring into a positron mmflar to that  of  the 
enzyme-bound non-protonated coenzyme 

It is of  mterest  to compare the spectra described m th~s paper with those of  
crystals o f  pig heart cytosohc aspartate transammase reported by Metzler et al 
[7] In their paper, the polarlzatmn dlrectmns for the crystalhne 2-methyl- 
DL-aspartate~omplex were incorrectly assigned (Metzler, D E ,  personal com- 
mumcatmn)  Metzler revised those data and found that  the 360 nm bands of  
the free enzyme and of  the 2-methyl-DL-aspartate-complex axe slrmlarly polar- 
lzed whereas their 430 nm bands are polarized m opposite  dlrectmns In con- 
trast to our  data, no essentml difference was observed m polarlzatmn of  the 
360 and 430 nm bands of  the free crystalhne enzyme from pig heart This dis- 
crepancy may be due to different  onen ta tmn  of  crystallographm axes relative 
to the hght beam, and to different  packing arrangement of  enzyme molecules m 
the umt  cell o f  crystals of  the pig and chmken transammases It follows from 
our  data that  a major change m onen t a t mn  of  the pyndoxa l  5 '-phosphate nng 
accompames the p ro tona tmn step According to Metzler's rewsed data, this 
change occurs in the transammase step We may suppose that  the coenzyme 
moves m a complex manner  and varmus aspects of  its movement  are seen wltb 
crystals of  the pig and chmken cytosohc transammases. 
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