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The ;lyuxnlnm l wiis pnraﬁed from Rm.r.ilm Juneea by alfiniy ehramawgmphy on S~hewi GSH sephurose 4B, Homogeneity of the pratein was
confirmed clectrophoretiedlly by a silver stuined gel. Activity staining on o native stareh gel ulso showed a single bund, The effect of plutathione.
mclhy1glymal und pH on enzyme kinetics was studied, Mngncsmm was found to stimulate the enzyme astivity.
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I. INTRODUCTION

. The glyoxalasc enzyme sysiem comprising of glyox-
alase I and II was discovered 80 years ago (1) and it is
found tw be ubiquitous {2]. Although its widespread
distribution' and the presence of an active glyoxalase
system throughout life from embryogenesis to cell
death [3] suggests some very basic and impoertant fune-
tion [3], its exact biological role is still a mystery.
Of the two glyoxalasc enzymes, glyoxalase | has been
studied most extensively in animal and microbial
systems [5]. Glyoxalase 1 (EC 4.4.1.5, lactoyl GSH

lyase) catalyses the formation of S-D-lactoyl GSH from -

the hemithioacetal formed nen-enzymatically from MG
and GSH [4]. In plants, there are scant reports about
the enzyme. In gymnosperms, the presence of MG and
glyoxalase was reported [6]. In higher plants, activity of
glyoxalase 1 was found in pea [7] and a correlation be-
tween the enzyme activity, as affected by various fac-
tors, and cell proliferation was noticed {8~10). We now
report on the purification of Brassica glyoxalase I to
homogeneity. This to our knowledge is the first report
- on the purification of glyoxalase I from plants.

' 2, MATERIALS AND METHODS

2.1, Chemicals
Most of the chemicals used were of AR prade and purchased from
© Sigma chemicel Co. except Sephadex G-50 and low molecular weight

Correspondence address: $.K: Sopory, Schoo! of Life Sclences,
Jawaharlal Nehru University, New Dethi-110 067, India

Abbrevietions: GSH, reduced glutathione; MG, me.“/lglyonal.
PMSF, pheny! methylsulfonytfluoride; PVP, polyvinylpyrroliodone;
EGTA, ethylene glveol- bls(ﬂ-ammnelhvl ether)N,N,N', N "stetra
acetic acid

Published by Elsevier Science Publishers B. V.

markers which were purchasrd from Pharmacia fine ch:mteuls Ypp-
sala, Sweden.

2.2, Growth 0_,".59«.'.'.'.-:34‘
Seads of Brassica juncea Pusa bold were obtained fram [ARL, New

Delhi. Seedlings were grown a1 25:x 2°C on germination papér and

supplied with Hoagland's nutrient solution,

2.3, Preparation of marrix 1o, 8- hév\yi CGSH Sepharose 4B
- ECH Sepharose 4B (activated gel) was coupled to the ligand (S-
hc'cyl GSH) in preseniceof carbodiimide, aseording to th: mstructmns

~ given in Pharmacia handboak [11).

2. 4 Enzyme assay

Seedlings were eNtracted. in 1:2 edtiraction buffer (0.1 M sodium
phosphate buffer pH 7.0, 16 mM magnesitm suiphate, 50% glycerol, -
PMSIE (0.25%), § mM EGTA, 2% w/v PYP) and the extract was cen-
trifuged (20 000 % g, 1 h), The superpatant was used for assay as
described by Racker (12] with slight modifications {7). Fafmation of
thioester (absorbs at 240 nm) was measured. One enzyme unit is the
amount of enzyime catalvzing the f'ormnucm of one umol ol‘ S- Incmy!-

",GSH per minute,

2.5, Protein Estimation

" Protein estimation was done by Bradford's method [131 "BSA .
{fraction 5) was used as a standard.

2.6, Purlﬂcauon of givoxalase I :

All steps were carried out at 4°C and 0.1 M sodmm phosphate.
buffer pH 7.0 was used throughout unless indicated. 260.g seedlings
were extracted and centrifuged. The supernalant was saturated with
pulverised ammonium sulphate to 40% w/v concentration and cen-
trifuged (10000 x g, 30 min) The supernatant was f{urther
precipitated to 80% ammonium suiphme concentration and cen-
trifuged (10 000 x g, 30 min). The pellet was dissolved in & minimum
volume of buffér and dialysed for § h against 10 mM buffer. The
dialysed sample was loaded after addition of NaCl (0.2.M) to and
equilibrated (buffer containing 0.2 M NaCl) column (1.5 x 8 em). .
The column was washed with buffer until absorbance at 280 nm was
less than 0,02. Second washing was with buffer +NaCl (0;2 M) and

- final wash was with buffer + GSH (10 mM). For elution satne buffer
with GSH (10 mM), S-hexyl.GSH (2 mM) and NaCl (0.2 M) was used,
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Fig. l Ia.lutiun prol’ih: of glyosalise 1 from S:hexyl GSH seph.!m\c
40i.

The eluted peak was loaded on o an equilibrated {10 mM bufrer)
sephadex G-50 column (2,5 % 50 cm), 1o remove S-hexy! GSH. The
ehition was dane with equilibration buffer.

2.7 Elm.rmplwreﬂ‘s ‘

SDS PAGE was carried out acwrdmg 1o the previously deseribed
procedure [(14]). A 10% gel was used and silver stained {15]. Sub-unit
molecular weight was determined by running different standard pro-
teins along with the enryme on the gel. R ¥5 log molecular weight was
piotted. For agtivity the staining protocol of Bagster et al. [14] was
modified and used. Purified enzyme was rin on a 7% native gel con-
taining hydrolysed starch (0.13%), at a constant current of 35 mA for
3.5 hours at 3°C, The gel was incubated for 30 min at 37°C in buffer
containing 0.1 M sodium phosphate pH 7.0; 16 mM magnesium
sulphate; 0.6% GSH and 4% v/v of (40% stock) methylglyoxal. The
gel was finsed with water and coloring reagent (1% KI and 0.05%
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Fig. 2. (AY 10%0 silver siained gel er giyexalase | I I 'ml fractions af en-

ayme were TCA precipitited, disselved in SDS sample buffer and

londed on she geh Lane 1. glyoxalase 1 40 ab Twpe I, carbonic

anhydrase § al. (B) Acrivity stining of glyexalase I after starch gel

electropharesis. Lane 1, veast plvoxalase |; Inmv 2 Brusvica giyox.
alase I

iodine solution) was added. Blue bands could be observed within a
minute.

2.8. Densitemvier seanaing
Scanning ol the gels was dong with Hir schm.mn densitometer using
523 nm sc.mning liglt heum

3. RESULTS AND D[SCUSSION

3.1, Purification of Glymalase ! . :

En.:yme was purified from 7-day-old seedlmg‘; as
described In section 2. The enzyme was eluted
specifically as a symmetrical peak from the affinity col-
umn (Fig.. 1). The purification steps are summarised in
Tabile 1. With an overall recovery of 23% and 145-fold
purification, the enzyme obtained was homogeneous.
This method of purifying glyoxalase I is qmck and
slmple

Table 1
Purification of glyoxalase I from 8. juncen ‘

Step Volume : Total : Total ‘ Specific Regovery Purification

{mh) : protein .activity . activity (%) factor

‘ (mg) {units) (units/mg protein)
Crude o 375.00 476.25 622,50 1.30 ' 100.00 .
0-40% AS(s) 380.00 410.40 718.20 1.70 + | o 115,37 1.30
40-80% AS(p) 57.00 100,32 310.65 3.09 49.90 217
40—80% AS(d) 90.00 148.50 236,00 2.87 37.91 1.70
S-hexyl G 24.30 * 180.00 - 28,91 -
Sepharose .
Sephadex G-350 57.00 0.92 145.70 188.33 23,39 144,86

AS, ammonium sulphate; (s), supernatant; (p) pellet; (d), dialyzed.

*Protein copcenlrat'ion was ot determined due to inlerfercncc from S-hexyl GSH,
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3.2, Molecular properties af Glyoxalase 1 o
The purified enzyme recovered from Sephadex G-50¢

was homogencous as judged by SDS-PAGE (Fig. 2A).
Densitometer tracing of the same gel showed a single
syrnmetrical peak confirming the presence of a single

~band (not shown). The malecular weight was caleulated
to be 27k Da (Fig. 3). [tis slightly higher than the glyox- -
alase [ purified from animal sources where it ranges
from 21 kDa to 24 kDa [3]. ‘
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Fig. 4. (A) Glyoxaiase I activity with varying concentration of methyl glyoxal {concentration of GSH is 1.7 mM), (B) Glyoxalase 1 activity with
varylng concentration of GSH (concentration of MG is 3.5 mM)}, (C) Efféect of pH on glyoxalase 1 activity, buffers used were MES {pH range

5.5-6,7), MOPS (pH range 6.5-7.9), sodium phosphate (pH range

5-8) and HEPES (pH range 6.8-8.2). (D) Effect of different [Mg®*] on gly-
oxalase 1. ‘ : ) ‘ ‘
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- Fig, 5. Inset shows Glyoxalase [agtivity with varying concentralion of
hemimercapial of methylglyaxal apet GSH. The concentration af
hemimercapual for various x.om.emrmluns aof methy! givoxal and GSH
have been calculited using Ky = 3.0 % 10~ *M for equilibrium between
methyl glyoxal, G8H and hemimerenpial. Replotted against their in-
itial velocities, [Hemimercaptal] a fixed MG with varying GSH can-

centration {O——2), anil at fised GSH with varying MG concentra. .
tion (@——a). Lineweaver-Burk plot of reciprocal of the inis!

velocity of glyoxalnse I verecipracal of concentreatian of hemimereap:
tal. Values of hemimercaptal are ttken from inset and meaning of
- symbals is rr;mincd.-

Activity staining of Brassica glyoxalase 1 showed a

single blue band in a native gel, indicating that there
was no isoform (Fig. 2B). Yeast glyoxalase 1, used as
control, showed a number of bands. These may be due
10 isoforms or different oxidised forms [5). Thete are
reports of the existenge of up to 3 isoforms in some
animal systems [17].

3.3, Subsirate Requiremém

The extent of glyoxalase I activation both by GSH {uc:

fixed MG concentration) and MG (at fixed GSH con-
centration) was studied (Fig. 4A, B). As already
reported ‘in animal systems hemimercaptal (the non-
enzymically-formed adduct of MG and GSH) is the real
substrate for glyoxalase I, If it is true, then when the
velocity is plotted against adduct concentration, one

shoald get a lincar plot of 1/v vs 1/[S] where [S] is
- hemimercaptal concentration [18]. When plotted we got

results similar to those reported for animal glyosalase |
[18] indicating that in-plants also the adduet is the real
substrate (Fig..3). For calculation of adduct concentra-
tion Kq was taken from Vander Jagt et al, [19].
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The enzyme showed & pH. ﬁptimum at 7.8 (Pig. 4C).

CAx repmed fm' the animal apoenzyme reactivation ex-

periments, Mg?™ is the most potent stimulator of én-

Zyme activity IS] We also found stimulation af enzyme

activity by Mg'® from erude (data nm ziven) to the
purified preparation. The eptimum [Mgr J wais fcum.l
to be 16 mM (Fig. 4D,

The present -report demonstrates conclusively the
presence of glyoxalase [ in plant systems. The purified
enzyme shows properties similar to those af glyoxalase
From other systems exeept that the size of the plant en-
zyme seems to be larger than that of the enzyme obtmn-
ed onm animal sourees,
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