Volume 32, number 2

FEBS 1LETTERS

Juxne 1973

ENZYME DEGRADATION IN HIGHER PLANTS: PHOSPHOGLUCOMUTASE

&
G KAHL
Fachbereich Bivlogie, Universitit Frenkfurs, Germany

H. STEGEMANN
Insginng fiir Biockemie, Bioingische Bundesonstait, Breunschweig, Germonl

Received 28 March 1975

1. Introduction

‘Wheraas enzyme induction — 25 increase in the
rate of synthesis of a particular enzyToe in Tesponse
10 a changing environmential parameter — has been
studied extensively in higher plant systems [1], cur
knowledge of enzyme degradation and its control is
rather scarce. Doubiless the process of specific degra-
dation of envymes is of outslanding importance for a
cell as a mezns of adapting i1s meiabolism opiimally
{0 2 new enyironIneni.

Theoretically a higher plant cell covld have devel-
oped various mechanisms o regniate the disappear-
ance of enzymatic astivity {iractivation by negative
allosteric effectors, through a block of the active cen-
ter by inhibitors, among others alsp proieins, dissocia-
iion inito inactive subunits, physical or metabolical
separation of the estalyst from iis subsirate or sofac-
tors, enzyme — catalyzed chemical modification of
the enzyme [2] , degradation by specific or nnspecific
proteolytic cleavage of the polypeptide chains, which
shifts the balance bsiween synihesis and degradation
in favor of degradation, etz., see [3]), but practically
none of these possibilities have been verified experi-
mentally.

” The hospitality of the Institut fitr Riochemie der
Biclopischen Bondesansizlt, Bravnsehweig, is giatefully ac-
knowledged.

North-Hollans Pablishing Company — Amsierdam

In resting poilsto tuber iissue 2 series of enzymes
are highly active (i.e. phosphoglucomuiase, enolase,
glniamate-pyruvate-isansaminase), whereas slicing of
the organ into thin lissue disks and incubation of
these slices in a rnoist slmosphere induces a iapid de-
gay of enzyme aciicn 14,5} . The mechanism of this
rapidly occurring disaopearance of enzyme activity
{here described as “2nzyme degradation™ preliminazi-
1) is unknown, but can be studied in this plast tissue.
Bome of the mare ganeral properties of this s\ stem
are introduced by this paper.

2. Materials ond msthods

The plant material {tubers of Solauum tuberosm
L., cv. “Hansa™) and its treaiment up to the freere-
drying piooess has been reporied in detafl snd eXirac-
tion and measuiement of phosphogiueonm ase
{EC 2.7.5.1.) activity wa: essentislly as deszribed [41.

Polyacrylamide gel electrophoresis was periormed
according to Stegemann [6]. The extract, diatyzed
overnight against 0,03 M Tris-HCI, pH 7.5; 50027 M
EDTA: 0.01 M MgCl, and 308 glycerol, was mixed
with a small emount of bromophenac! blue and layered
8s SP—100 gl portions into the slots of polyaaryi-
amide get slabs of 1 or 3 mm thickness. Cyanopnm-«41
{Serva, Heidelberg) or 2 mixture of acrylamides and
NNV -methylens- bisacrylamide in 0,125 M Tris-bo-
rate-bufier, pH 8.9 was used for glectrophoresis. Gzl
formation was catdlyzed by N, NN, &

325



Volame 32, pamber 2

g gep MELE-LE-OP 55 NADP* FORMAZAN

"~ NN

G B FDM FMS
_ "/\mw /y\un—amms
5-F0 k"’ dysiiow)
Scheme 1.

tetremethylenediamine (Serva, Heidelberg) together
with {MH )25, 05 and sodivm sulfite {7].

Optimal electrophoretiv:] separation of the phos-
pheglucomutase isozymes from each other and from
the imerfering glucose-B-phosphate-dehydropenase (G-
&PDH) and 6-phosphoglaconare-dehydrogenase {6-
PGDH) isozymes was achieved in 3 hy at 0° and 100
mAfslab in 5% Cyanozum gel. After the run the gels
were preincebated in ice-cold 0.03 M Tris-HCl, pB
8.0 together with 0.01 M MgCl,.

Phosphogluecomutase activity on the slabs was de-
lected afier incubation of the gel in a miXture of 4.6
mM glucose-1-phosphate (5-1-P), .05 mM slucosze-
1.6-diphosphate {3-1,6-01P), 10 M MgCl,, 0.12 mM
NADP™, 0.1 mg/m! phenacine methosulphaie (PMS),
0.1 mgfral 3 {4,5-dimethylthiazolyl-2-) 2,5-diphany!-
tetrazolinm bromide (MTT-bromide, Serva,
Heidelberg) and 1 pg/ml 5-6-PDH ¢ Boehringer,
Mannheim) in D.03 M Tris-buffer pH 8.0 according io
the stheme:

This reaction is completz after 1—2 hr in the dark
and at 30°. The formazane blue is deposited at the
sites of its rednchon as tiny granules.

-6PDH and 6-PGDH activity on the ggl was da-
tected by substituting G-1-P and G-1,6-¢GiP by 1.5 mg/
ml ghusose-6-phosphats and 1 mg/ral 6-chosphopla-
conaie, Tespectively.

After staining the bands of the PGM ispzymes
were documented immediately, since light induged
colorization of the MTT-pels together with diffusion
of the formazane cansed disappearance of the stained
zomes. For conservation the gels were either fived in
77 trichicroacetic acid or 7% avetic acid or sealed in
black plasiic bags and stored in the refngerator.

3. Resulits und discussion

Sticing of resting potato tuber fissue enhances the
decay of phosphogricomutase activity, although
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Fiz. 1. Decay of phosphogineomuinse activity afier shicing
white polato taber tissne.

stimulation of glycolysis ocowrs simulia 2eously {4].
After one day of incubation of the tissue disks in
moist atmosphere at 257 about 50% of the initial ac-
tivity j8 lost from the tissue and after another thyee
days only abowt 20% is left (Bg. 1). This decrease in
aclivity is prevented by inhibitors of tramslation,
added Immediately after slicing the tizssus, Thus
amino acid anclogues (100 ug/ml) and cycloheximide
{20 pg/ml) more or lese blocked the fall in PGM activ-
ity as did exposure of the tissue 1o 2 nitropen atmo-
sphere (fig. 7). As in other systems I3] protein syn-
thesis supposedly is a prerequisite for enzyme degra-
faiton In poiaic tuber shces.

It is well established that the cells of a variety of
higher organisms possess more than one molecular
form of phosphoglucomutase. Joshi et 4l. [8] found
twe PGM-isozymes in sweet poiato roots {(Ipomeea
bararas) and white potato tissue (Solmmiim tuberosum
L)), differing in their elution behaviour from a DEAE-

- Bephadex column. In view of the results reported

here, it was of interest 1o know if the desay of PGM
concerns only one or possibly several exisiing iso-
zymes. For this purpose the scparation and staining

- techniques had 1o be elaborated.
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Fig. 2. Inhibjtion of the slicing-ndnced degradation of phos-
Phogincormutase by cycloheximide (28 pefml), -fIncrephen-
yialanine {100 pgfml} and a nitrogen atmoesphere.

A variety of tetrazolium salts as eleciron acceplors
wras examined for their properties in the staining reac-
tion {table 1). Most of the salis wers not reduced at
all by potato PGM, but unspecifically stained the gels
throughont. Best results were obtained with 3{4,5-di
meihylthiazolyl-2-) 2,5-diphenylieirazolinm bremide
{MTT, Serva, Heidelberg). Although the PGM iso-
zymes could be detected on the gel with tetranitro-
blue-tetrazolinm chiloride, 24p-iodopheny)-3-{p-nitro-
phenyl}S5-phenylteirazolinm chiloride {(INT} and p-ni-
troblue- tetrazolinm chioride (Nitro BT), the intensity
of reduction was only weak and the gels were coloured
throughout after short exposure to light. MTT-bro-
mide was used for siaining of the poiato PGM iso-
ZYIIes.

The reduction of the dye has been proven 1o be
due to PGM-action {izble 2). If the substrate or coen
zyme is omiited from the Incubation mixture, no
reaction ncenrred. Exclusion of G-1,6-8iF resulted in
appesarance of only one isozyme, faint Teaction was
possible without PMS. i the gels were developed
without added G-6-PDH, all thiee ispzyme bands
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WVariows tetrazolinm salis as electron acceplors in the phos-

phoglucomutase reaction.

- Tetrazolinm sait

Tetranitrobioe-tetrazolinmn
chloride

“*Mitro BT™; p-nitrobiue ietra-
zoXEum chlorde

Neotetrazoliom chlozide

“Telrazolinm violet™; 2,.5-dk
phenyi-3-naphthy}-2 4-teira-
zodium chlordde

“TTC™; 2,3, 5-triphenvitetra-
zolivm chloride
“Tetrazelblue™; 3,3 -dienizyl-
bis-3.4 43 4-diphenyi}-teira-
zotinm chloride

“Tewrazelium 1£4; 2,5-diphenyl-
Zo-tamyl-2, 4-1=trazolimn
chloside

“Teirazolpurpur ;4.4-bis {3,5-
diphenyl-2-tetrazolinm) bi-
pheny idichloride.

"INT™; 2 (p-indophenyl)-3-(-
njtropienyi}-S-phenyilietra-
zolinn chlorde

“MTT™ 3 {4.5-dimesthylthiazoly])
23 2,5-diphenyHerazolinm
bromide

“BTL™: 3,53 -dienisel-4,4"-bis-
{2,5-dipheny e 1sazolinm
chiogide .

Staining reaclion

Reduced by =21 threz isn-
z¥mes to black bands on
the oel

Faini bluge reaction wilk
all three isczymes
Mo Ieaction

Mo reaction

Mo reaction

Mo reaction

Mo reaction

HNo reaction

Reduced by all three is0-
Zy Tpes 1o red bamds on
the gel

Redwced by all three jso-
zymes 1o blue bands om
the gel. Fast and strong
repgtion.

Mo reaction

Rezciion conditions: concenirgiions of the tetrazolinm sals
were 2.5 mefmi inenbation mixture. Inmmbasion of the zels in
normal Teaction medivm a1 30° for 3 hr. Phospheplncomutnase
was extracted frem Intact tubers

appeared due to action of endozencus G-6-FPDH.
Bince interference with this enzyme snd 6-PGDH
would give misleading resulls, the thres enzymes were
separated from each other electrophoretically ina 5%
pulyacrylamide gel {(fig. 3).

Opiimal tost conditions allowed the separatipn of
three PGM-isozymes {1, I, iil). In the intacl polats
tuber all three ispzymes are extremsly active. Shicing,
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Tabile 2
Properties of the phosphaplucomniase-catalyzed siaining Teac-
tion.
Reaction system $1aining yenction
Complete Appearance of PGM
1, 71,178,
Withount added G-6-PDH 1-ain? bands of PGM
1,1, I1E

Withpout G-1.5-diP

Without -1-P
Without NADP™
‘Without MTT-bromide
Withont PMS

Bolled extract, otherwise
tomplete reaction medhum

Only faint band of
PGM L

o reaction

Moy reaction

Mo reaction

Omly fain: bands of
BGM 1,11, T

Mo reaction

howeyer, induces the gradual diszappearance of all iso-
zymes, 5 that only faint bands of PGM 1 and PGAT 1T

are visible 4 days after slicing the organ (i

2. ). PGM

1T disappears from the tissue or its activity {concen-
tration) drops to very low levels, so that it cannot be

detected with the methods usad.

The slicing-induced degradaticn thus is concerning
all three phospheglucomutase isorymss 10 2 compar-

able degree.
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Fig. 3. Separation of phosphoglucomuiase isozymes LTI and
ITI from ghacose-Gphosphate dehydrigenase (EC 1.1.1.49)
and the three G-phosphogluconate dehydrogenas.s

(EC I I.1.44) of pmam ‘uber tssne.
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Fig. 4. Phosph oplucomutase jsozyme pattern in white potato
taber tissne afier slicing. Left to right: Intact mber, tissne
slices afier 1,2, 3 and 4 daysof incubation in a moist atmoe-
sphere. Experimental conditions as in Materials and methods.
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