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Preliminary Notes 

Enzymic formation of glyoxylic acid from 7-hydroxyglutamic acid 

Of the many glutamic acid derivatives which have recently been discovered in plant 
extracts, 7-hydroxyglutamic acid is unique in that it has beet: implicated in the 
metabolism of both plants and animals. VneTANEN J~ND HIETALA I detected it in an.d 
isolated it f,'om the green parts of Phlox decussata. Isotopic studies i~ ~;ivo witil 
mammals 2-** have suggested that this a.mino acid is an intermediate in the degradatiot~ 
of hydroxyproline" experiments ~,'~ in vilro have shown that v-H(; c~'.n be formed by 
oxidation o[ 7-hydroxyglutamic semialdehyde. However, n o  informatio.n 5s ~',:aila.ble 
on further enzymic reactions utilizing 7-HG as substrate. This communicatio.a 
reports the presence in ]'at liver of an enzyme system which cat,nlyzes the breakdow:~ 
of ~,-HG with the formation of glyoxylic acid. 

The 7-HG used in these studies, synthesized by a modification of the procedt:,'e o! 
BE~OnO.~ A.~r) BOuTrJiCLiF.]~7, had m.p. x69-z7I". (Found for (.;~H.~O~N: C, 36.87; 
H, 5.56. N, 8.55. Calc. : C, 36.8r ; H, 5.52 ; N, 8.59). On paper chronmtograms in three 
different solvent systems, the compound migrates as one single spot. Ho;nogenates of 
fresh or frozen rat liver catalyze the conversion of 7-HG to a product having an 
aldehydic group. The reaction is followed bv oxidizing the pheny.lbydrazone of the 
aldehyde in the presence of excess phenylhydrazine with Kzl.' ~.,CN), and measuring 
the colored formazan at 54o ml~.. T,~ bte I illustrates the enzymic nature of tLis reaction. 
fl-Hydroxyglutamic acid, .~,7-dihydroxy;glutamic acid, and threoni]~e will ,lot: replace 
~-I-IG, nor will various hydroxy]ated diearboxylic acids including mnlic., citric, 
isocitric, mad tM~ydro::y-/3-methylglutaric acids. Preincubation of diaivzed KC}-. 
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E N Z ' r ' M I C  C,I.~. 'ON'~rLAT} t. Jrc-3RMAT,rO.N F R O M  ~ ' - I t Y D R O X Y G L C ' I Y A ~ C  A C I D  

The  comple te  s y s t e m  con ta ined  300 p.moles of "rris buffer,  pH g.~, 5 / m  }its of sy;- thet i6  74.IG 
(neutra l ized wi th  I(Ol-t~h and  o.3 ml (3 mg  1;rotei~}) of a ~oe..~, h o m o g e n a t c  of fresl:. : 'at l iver  i-a 
0. 5 M KCI. V,"ater was added  to give n final w) lume of 3 ml .  Af ter  inct~l)a~.ie;t a t  37 ~' unde r  2,', 
for t he  t i m e s  indica ted ,  lhc  reac t ion  m i x t u r e s  were deprote inized with } n;! ~ 2 '~,,~ metap l ;osphor ic  

acid and  3:-n:[ M':~uots r emoved  for t:he determim:dion of g lyoxy  ic ~c d. 
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Co:np}ete, zero t im(; c 
Comj)lete,  t 5 rain incuba t ion  ¢).06 
Comple te ,  30 rain incuba t ion  e.;  4 
CGmpiete,  60 rain incuba t ion  o.:,.5 
E xp t .  -t w i t h o u t / - H  G o 
]Zxpt. 4 wi thou t  ra t - l iver  homogenat :c  o 

Expl:. 4 with hca t -de i l a tu rcd  ra t - l iver  ,3o;nogenate <: 

* E s t i m a t e d  lw  an a d a p t a t i o n  of the  color imetr ic  ]~roccdure of D. N..,. '<m:.~i~ el M.J% 

Abbrev ia t ions :  7-i-1(;, 3.,-hydrox.'. 'g)utamic acid;  "rr}s, tris(hydr( 'xym,.:t i)ylilarninon' ,ethal)e; 
DPNI-I,  reduced  diphosph{:pyr idine  nucleot ide .  
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ethanol extracts s of rat  liver with pyridoxal 5-phosphate stimulates the enzymic 
reaction approximately lO-2O %. Treatment of the enzyme with carbonyl reagents 
also suggests that  pyridoxal 5-phosphate is involved. The following degrees of inhib- 
ition are observed when a preparation of the enzyme, purified about I9-fold , is 
preincubated with the compound listed (at o.oi M concentration): semicarbazide, 
72 %; hvdroxylamine,~ IOO %; phenylhvdrazine,~ Ioo %;/ sodium bisulfite, 71%. 

The enzyme system has been purified from dialyzed KCl-ethanol extracts 
approximately I9-fold by acetone and ammonium sulfate fractionation and heat 
treatment.  Use of this partially purified system results in the accmnulation of several 
micromoles of the metabolite which allows it to be identified as glyoxylic acid in the 
following ways. (I) The 2,4-dinitrophenylhydrazone of the enzymic product has an 
RF value which is identical on Whatman No. I filter paper in several solvent systems 
with the synthetically prepared 2,4-difiitrophenylhydrazone of glyoxylic acid (m.p., 
196-197°). (2) The elution pattern of the metabolite from a Dowex I - X I o  column 
(acetate phase) with 4 M acetic acid is essentially the same as that  for an equivalent 
amount of pure glyoxylic acid 9. (3) DPNH is oxidized by the isolated metabolite in 
the presence of very highly purified glyoxylic acid reductase*. The aldehyde formed 
from 7-HG was chromatographed on a Dowex I -XIo  column (acetate phase), eluted, 
and the eluate lyophilized and neutraiized. The oxidation of DPNH, measured by 
the decrease in absorption at 34 ° m/~ and catalyzed by glyoxylic acid reductase, 
depends upon the addition of the isolated aldehyde and occurs at a rate comparable 
to that  for an equivalent amount of known glyoxylate. 

In addition to glyoxylic acid, alaifine has been shown by chromatography on 
Whatman No. I filter paper in three different solvent systems to be a product formed 
in the complete enzyme system. Presumably, these two metabolites could arise by  
direct cleavage of y-HG. If this is true, such a reaction would represent a unique 
example of an aldol-type cleavage of an amino acid in which the hydroxyl group is 
not on a carbon atom immediately adjacent to the carbon atom bearing the amino 
group. 
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