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The gIyc9xaIase enzyme system, consistm, 0 of the two enzymes gIyoxaIase 1 
(S-IactoyfgIutathione methylglyoxal Lyase; GI. I) (E.C. 4.41 S) and glyoxalase Ef 
(S-Z-hydroxyacylgh&&lo~e hydrolase; GI. 11) (E-C. 3. I .2.6) catalyses the foILowing 
reactionsL: 

methylgIyoxat f glutathione GL_E ---+ S-IactoyIglutathione ---+ D-factatefglutatbicne 
GI. II 

Envestigations on the physrco-chemicai properties of the glyoxalases have 
been reported’-‘“, but no data OEZ the electropboretic properties of these enqmes 
have been prrblished. 

This paper reports the results of investigations on the feasrbrlity of separating 
the enzymes of this system by electrophoresis, and on the factors rhat determine the 
etectrophoretic behaviour of the glyoxalases, particularly GI. I. 

MATEREALS AND NETHODS 

Yeast GI. I and glutatione (GSK) were purchased from Boshringer (Mann- 
berm, G.F.R.) and crystalline albumin from BDK (Poole, Great Britain). MethyL 
@yoxaI was obtained by distillation of @ycera!dehyde (Reanai, Budapest, Hungary)” 
and S-Iactoyl-GSK was prepared en.zymaticaIIy l5 Aif other reagents v.ere of anaIytita1 _ 
pmity_ 

Ox liver homogenates (I:6 in 0.15 N potassium chioride solution) were pre- 
pared by us:n, - a Potter-Elvehjem homoseenizer and centrifuged in a refrigerated 
centrifuge at 20,000 g for 30 min. The supernatant solutions were used for etectro- 
phor&ic studies. 

Purified Gf. I and GI. Lf were obticed by the molecular filtration me’rhod as 
described by Serzykawski ef QL L3_ The fractions ~~iith maximum activity were tlsed for 
eIectropboretic studies (both before and after precipitation with ammomum sulphate 
as described in the text). 

Electrophoresis was conducted nith a standard apparatus for serum paper 
electrophoresis, using Whatman No. 1 paper, at 220 V for 5.5 hours with an ionic 
strength of 0.1. Paper strips 3 mm wide were eluted in 2 mt of phosphate buffer 
(i/l5 -44. pK 6.8) by shal&g them in the soiution for I h_ 
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GI.EandGI.fIintheefrr2tel~~om~ep~perstrips andin &egIyoxa!aseprep- 
arztio~~ (coiwmn fractions) v,ere determined by the method of Racker as described 
bv Jerzykowski et LT/.~~*~~. Units of enqme activitv are expressed 2s pm&s of factoyI- 
f%!S produced (Gt. L) OP decomposed (GE. If) m f niin (initia! veIoci@) at room tem- 
perature under the experimental conditions used. 

Proteirn concentrations were determined b_v the method of iV2rburg 2nd Chris- 
trz_%P. 

Most of the experiments were carried out with the supernatant soIuti~ns from 
ox &XX homogenates, which exhibited considerable activi~ of both &oxaIases. 
Several preliminary tests o~i &e mS:aence of pK OQ glyoxaiase mob&q were conducted 

at pH S-10 2nd with veronat, T&-hydrochtotic acid and phosphate buffers. The 
electrophoresis time (5.5 h), vcsltzge (2X? V) and ionic strength (0.1) were constant. 
The pirrpose of these tests was to determine 2s far as possible the optimal conditions 
for the separation of GI. I and GZ. iE in supermnnt solutions from ox liver bomoge- 
Date. These conditrons ctere found to be the use of Verona1 buffer at pH 8-9. 

The relative efecttophoretrc mobility of both glyoxaiases in veronal buIfier 
(pl-3 8.0) in comptison with human serum (Fig. Ia) Is shown in Fig. Id. In this io- 
s’tznce, Gt. I migrates to the anode, exhibiting z mobSty sirmlar to &t of the albu- 
mln fraction in rhe electrophoresis of blood serum. wbrEe GI. II apparently remains in 
the initial oosition. Fig 2 shows the distri-lbution of ezzqme acth ity after efectropho- 
re.3s at pH 8.0. At room temperature, EbouE 50% of the initial activity of GL. I and 
&out 50 % of the activity of GI. 11 c2n bc- obtained from electropherugrzm analysis, 
and the enzyme sepantion is complete. This suggests the feasibility of usilmg this bu&r 
and pH to achreve enzyme separations by continuous curtain efectrophoresis. Fnrtber 
investigations were conducted in the selected range of pT_F. 

Both GL f and GI. EX are present in blood red corpuscles_ ELzctrophoretic 
testing of t&e supenrataailt solution from haemolized human red corpuscles (after 
prior centrifu@ion and repeated crashing with 0.9 7; sodium chloride soft&ion) skewed 
a &OX&ISP actlviv distribution similar to that found for glyosafzses from ox liver 
homogenate. 

SeverA experiments were performed with yeast GI. I abrained from Boeh- 
nner. ft cam be seen from Fig. Eb that yeast GL I moves toward the cathode. This 
m&-&ion is only epparent, zs 2ctrrAly r&e dextran determined line of zero EGW~’ is 
in the position marked by the arrow (Fig. lajt;, which provides evidence that nncier 
t&se con&t&~ GL 1 does AGE migmte owing to the presence of a charge. 

A behaviorrr simS2r to that described shove was found for GI. I purified by 
2 moteccn~2~ Strztiorr method and ther; precipltzted \+ith ammonium srrlpbate at a 
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Fig. I. Los-voltage electropherograns of glyoudas- = (wrond bufier, pH 8.6, ioorc strength 0 !, 
220 V, tme 5 5 h, pzpeer ekctrophoresxs). (a) humzo sera-n; (6) pwSd yeast GE. I; (c) GI. I 
pi~&&ed K&II ZLTYAIO~~U~~. sulphate, (d) GI. E md Gl. ET from liver homogenate suwmatant, (e) 
Gf 1 purified bq molecular fiItr&ion, after the addition of ox albilinic. 



deEi= OF S.&E&OR >Q.? (FE,. *Q 1~). This &oxaIase preparation exhibits a sgecsfic 
activity five times greater than &at of GI. I from the supematant soiutioa. However, 
if tk~s preixration is driuted with water, or rf the degree of saturatioo witk ammonium 
sulpkate is fess than m. 0.7, Eke GI. I -moves to tke an&e, iri the same mariner as 
61. I frcsm homogenate. The mobr;lity is the same when the dilution is made witk g M 
urea soEodon, or Iv@- ions fmagesimn srrlpkate, 1CP M soiution). However, a fack 
of mobility, or more accttately an apparent mobi& towards the cathode, is found 
after &ding EDTA (lWS 2. solution). 

_h exceptional bekaviour is shown by Gf. 1 prepared by mokccuIar @tEation 
ant not precipitated wrtk ammonium sulphate. Tkis preparation is probably com- 
pletefy deactivated by electrophoresis. as 30 enzyme activity can be detected over the 
whole electropkerogram. despite tke high activity of the initial preparation. It sho*&d 
be loted that GSH (5. IO-’ M), which IS a suixtrate _ for GL I, shows RU protective 
effect on the behaviour of this preparation of GL I. However, this preparation main- 
rains its activity when ox serum albumin is added to it. In tkis instance, the enzyme 
mo\ es towards the anode and MIL 5e detected in the same position in wkich it is found 
after direct electrophoisis of ox liver preparztron (Fig. le). Hence, it was reasonable 

to assume that the eLnzzme migrated in association witk the added protein. fn order to 
test this assumption, a detailed comparative anatysis was made of the mofecuIarweigh% 
of GE. 1 and mixtures of GI. Z and albumin (by the method described by Jerzykowski 
et ~1.‘~). These experiments provided no evidence that albumin combined with GI. L 
Ho-*ever, it skoufd be srressed thhat the conditions under wk.& the moIecuIes ml- 
graIe during efectrophoxsis do rrot correspond precisely to the conditions that exist 
during the determination of molecular weights. This aspect appears to reqtire further 
eIucidation_ 

Efectrophoretic tes= 01: glyoxafase I preparatiorrs have been described. Tke 
elcctrophoretic mobility skown bq this ertzyme depends on the method of preparation. 
It was demonstrated tk2t under the efectrophoretic cozlditions determined (paper 
efectropkoresis, veronal buEer, ionic strength 0.1, pH S.Q), G!. E and GI. II can be 
completely separated. Studies were conducted usin, 0 glyoxalases from ox liver, human 
red corpuscles 2nd atso ye,zst G!. I. 

This work was supported by tke 6tk Department of Mediti Sciences of the 
Po!ish Academy of Sciences. 
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