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•@•@•D•DâÀ

dy•@been•@published•D•@Among•@them•C•@it•@is•@noted•@that•@Hocha•|

chka•@suggested•@the•@basic•@strategies•@and•@mechanisms•@for

enzyme•@adaptatj•Don•@to•@temperature•@•m37•n•D•@Somero•@and

Hochachka•@•m38•n•C•@Moon•@•m39•n•C•@Somero•@•m40•n•@and•@Horwitz•@and

Hettinger•@•m41•n•@proposed•@that•@either•@of•@two•@or•@more•@iso•|

zymes•C•@which•@are•@extremely•@different•@in•@their•@kinetic

parameters•@at•@a•@given•@temperature•C•@may•@contribute•@to•@the

biochemical•@adaptation•@of•@ectothermic•@organisms•@to•@the

temperatures•D•@Similarly•C•@Segel•@•m42•n•@described•@a•@gene•|

ral•@appreciation•@of•@a•@constitute•@in•@enzymes•@with•@variant

forms•@and•@the•@same•@function•@by•@comparison•@of•@kinetic

parameters•B•@•@•@Revaluation•@•@in•@this•@study•@•@on•@•@cat•Galyt“ñic

properties•@of•@the•@IDH•@isozymes•@gave•@slightly•@dlfferent

results•@from•@the•@previous•@report•@•m47•n•D•@Finally•C•@I

discuss•@•@whether•@•@Vibrio•@•@ABE•|l•@IDH•@•@isozyme•@•@syst“ñem•@•@is

obeyed•@by•@the•@above•@proposal•@or•@not•@by•@consideration

with•@kinetic•@pL•|operties•@together•@with•@other•@catalytic

characteristics•D
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MATERIALS•@AND•@METHODS

Chemicals
•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@ƒ•
•@•@•@•@•@DL•|Isocitrate•C•@2•|mercapt“ñ•Zethano1•C•@acrylamide•C•@N•fN•@ˆê
•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@ƒ•
methylenebisacrylamide•C•@N•CN•CN•C•@N•@•|tetramethylethylene•|

diamine•C•@Agarose•@•FLE•C•@and•@protamine•@sulfate•@were•@obtained

from•@•@Nacalai•@Tesque•@Inc•D•@•@Butyl•|Toyopearl•@650M•C•@DEAE•|

Toyopearƒ†•@650Mr•@and•@TSK•@gel•@DEAE•|5PW•@were•@purchased•@from

TOSOH•@•@Co•D•@•@DEAE•|Sephadex•@A•|50•C•@Procion•@•@Red•@•@Sepharose

C•FL•|6B•C•@•@Sephadex•@G•|200•@•isuperfine•j•C•@and•@pl•@•@marker•@•@pro•|

t•Feins•@were•@obtained•@from•@Pharmacia•D•@•@DEAE•|ceƒ†lulose•@was

from•@Brown•@Co•D•@•@•@Hydroxylapatite•@geƒ†•@was•@prepared•@by•@the

method•@•@Of•@•@Tiselius•@et•@al•@•m43•n•D•@•@Marker•@•@proteins•@•@for

molecular•@•@weight•@were•@purchased•@•@from•@•@Boehringer•|Mann•|

heim•B•@•@•@Ampholine•@was•@a•@product•@of•@•FLKB•E•@•@Reagents•@•@and

solvents•@•@used•@for•@determinat“ñion•@of•@•@NH2Œûterminal•@•@amino

acid•@•@sequence•@were•@all•@of•@•hsequencing•@grade•h•@from•@•@Wako

Pure•@Chemical•@Industries•C•@•FLtd•B•@•@All•@other•@reagent•Fs•@used

were•@of•@analytical•@grade•E

Bacterial•@Strains•@and•@Growth

•@•@•@•@•@Some•@bacterial•@strains•@were•@kindly•@donated•@as•@fo•|

110ws•F•@Azotobacter•@vinelandii•@strain•@IAM•@1078•@was•@from

1nstitute•@of•@Appl•Died•@rvlicrobiology•C•@the•@University•@of

Tokyo•C•@Sat•Ilugug•CLSI•@m•@o•@n•@e•@l•@l•@a•@•Ft2E2Ul•C•Iggs2•D•piguh•@a•@n•@d•@SAtSg1gng•Ilgl•@m•@o•@n•@e•@l•@l•@a•@Egxg•D•It•Ix•p2b•|•v•Ch•@B

was•@from•@Prof•D•@Toshikazu•@Makino•C•@Department•@of•@Biology•C

Hokkaido•@University•C•@Vibrio•@parahaemolyticus•@Y•|4•@was

from•@Dr•D•@Kazuyuki•@Kimura•C•@Department•@of•@Microbiology•C
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school•@of•@•pvledicine•C•@the•@Hokkaido•@Universityi•@respective•|

ly•D

•@•@•@•@•@Vibrio•@ABE•|i•@•m44j•@and•@V•D•@parahaemolyticus•@were•@cul•|

tured•@at•@150C•@and•@370C•C•@respectivelyr•@with•@vigorous

shaking•@in•@nutrient•@medium•@containing•@i•@g•@peptone•@and

meat•@ext“ñract•@with•@O•D5•@M•@NaCl•D•@•@Cells•@were•@harvested•@•@in

the•@early•@stationary•@phase•C•@washed•@three•@times•@with

chilled•@O•D5•@M•@NaCl•C•@and•@frozen•@at•@ˆê800C•@unti1•@use•D

1•Ists1•Is•F•pˆê1•Iˆê1•Dg•Ixl•|gc•@h•@e•@r•@l•@c•@h•@l•@a•@ggt•DLLI•@I•@K•|12t•@S•E•@•ItEˆê••R1U•Ig•put•puuh•@r•@l•@u•@m•C•@S•E•@•p2Al•I•Dgˆê•Itx•p2blh•@r

B•ca•DUt•@l•@l•@u•@s•@sgt•@b•|i2•|iLl•|sb•@t•@i•@l•@i•@s•C•@2Et•|ggg•Ig1ggp•@gge•@u•@d•@o•@m•@o•@n•@a•@s•@gs•I•Iyg2ngEg•C•@SstL12a•IiLgr•@r•@a•@t•@i•@a

1gat•I•IeE•|g•|gusr•@c•@e•@s•@c•@e•@n•@s•C•@111tLg•D2•Fgggs2sJ•CIEc•@r•@o•@c•@o•@c•@c•@u•@s•@pmt•@d•@k•@t•@l•@c•@u•@s•@were•@c•@u•@l•@t•@u•@r•@e•@d•@i•@n

the•@above•@nutrient•@medium•@with•@50•@mM•@NaCl•@instead•@of•@O•D5

M•@NaCl•@at•@370C•@for•@the•@former•@five•@strains•@or•@at•@250C

for•@the•@latter•@two•@strains•D•@The•@culture•@and•@washing

condition•@of•@A•D•@vinelandii•@was•@followed•@by•@the•@method

described•@in•@•m45•n•D

Standard•@•F—H•@Conditions

•@•@•@•@•@NADP•{ˆêspecific•@isocitrate•@dehydrogenase•@activity

was•@assayed•@spectrophotornetrically•@at•@400C•@for•@1DH•|1•@or

at•@•@200C•@•@for•@IDHˆê•H•H•@in•@a•@mixture•@•ifinal•@volume•@•@2•@ml•j

containing•@33•@mM•@Tris•|HCI•@•ipH•@8•D4•@at•@200C•j•C•@250•@mM•@NaCl•C

0•D67mM•@MnCi2r•@O•E12•@mM•@NADP•{•C2mM•Cˆêis•Bcitrate•C•@and•@an

appropriate•@amount•@of•@enzyme•D•@The•@reaction•@was•@started
by•@the•@addition•@ok•@NADp•{•@or•@ILt•|isocitratet•@and•@measured

the•@initial•@rate•@of•@increase•@in•@absorbance•@at•@340•@nm•D

One•@unit•@of•@enzyme•@activity•@is•@defined•@as•@the•@amount•@of

enzyme•@catalyzing•@the•@reducti•Bn•Bf•@l•@pm•B1•Bf•@NADP•{per
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•@•@•@•@Protein•@concentrations•@were•@estimated•@by•@the•@Bio•|Rad

protein•@assay•@procedure•@which•@is•@based•@on•@the•@method•@of

Bradford•@•m46•n•@with•@bovine•@plasrna•@Y•|globulin•@as•@a•@stan•|

dard•D

ltiLILgg•Iˆê•I•FgRhg•I•Iˆêgl•@t•@h

•@•@•@•@•@Disc•@gel•@electrophoresis•@of•@natlve•@enzyme•@was•@per•|

formed•@in•@7•D5•@g•@polyacrylamide•@gel•@containing•@4•@mM

isocit“ñrate•@and•@lO•@mM•@MgC12•@at•@a•@constant•@current•@of•@2•@mA

per•@gel•@at•@40C•@•m47•n•D•@Sample•@solutions•@were•@dialyzed

for•@4•@h•@against•@20•@mM•@potassium•@phOsphat“ñe•@•ipH•@7•A5•j•@•@con•|

taining•@4•@mM•@isocitrate•C•@10•@mM•@MgC12•C•@1•@mtvl•@dithiothrei•|

tol•@to•@preserve•@the•@enzymatic•@activity•@before•@electro•|

phoresis•D•@Protein•is•j•@on•@gels•@was•@detected•@by•@staining

either•@for•@protein•@with•@Cooinassie•@brilliant•@blue•@R•|250

0r•@for•@IDH•@activity•@as•@described•@in•@•m47•n•D•@Gel•@eiectro•|

phoresis•@in•@the•@presence•@of•@sodium•@dodecyl•@sulfate•@was

carried•@out•@by•@the•@procedure•@of•@Weber•@and•@Osborn•@148•n

with•@7•D5•@g•@polyacrylamide•@disc•@gel•@or•@that•@of•@Laemmli

•m49•n•@with•@ƒ†0•@Š–•@slab•@gel•D•@•@•@Analytical•@isoeƒ†ectric•@•@focu•|

sing•@was•@performed•@according•@to•@the•@LKB•@manual•C•@using•@l

mm•@thick•@slab•@gel•@consisting•@of•@5•@g•@acrylamide•C•@2•@•“

Ampholine•@of•@pH•@3•E5•|iOr•@and•@4•@mM•@isocitrate•D•@Condition

for•@dialysis•@of•@the•@purified•@isozymes•@before•@electropho•|

resis•@was•@the•@same•@as•@described•@above•D•@The•@gel•@was•@run

for•@80•@rnin•@at•@a•@constant•@power•@of•@15•@watts•@in•@electro•|

lyte•@containing•@4•@mM•@isocit“ñrate•@and•@l•@mM•@dithiothreitol•D
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The•@pH•@gradient•@was•@estimated•@from•@the•@migration•@distan•|

ce•@of•@pl•@marker•@proteins•D•@Focused•@proteins•@on•@the•@gel

was•@fixed•@and•@stained•@by•@the•@method•@as•@described•@in•@•@t“ñhe

LKB•@manual•D

•Çƒ†’U•…Lfiltrati•Bn
•@•@•@•@•@For•@estimation•@of•@relative•@rnolecular•@weight•@of•@IDH

isozymesr•@gel•@filtration•@was•@carried•@out•@using•@1•@X•@36•D5

cm•@column•@of•@Sephadex•@G•|200•@•isuperfine•j•@equilibrated

with•@50•@mb•@potassiurn•@phosphate•@•ipH•@7•D5•j•C•@250•@mM•@NaCl•C•@2

mrvl•@MgC12r•@and•@10•@mM•@2•|mercaptoethanol•D•@Both•@isozymes

were•@dialyzed•@against•@t“ñhe•@same•@buffer•@before•@gel•@filtra•|

tion•D•@The•@molecular•@weight•@markers•@used•@were•@as•@fo•|

llows•F•@•@catalase•@•i240•@kDa•j•C•@aƒ†dolase•@•i158•@kDa•j•C•@•@albumin

•i68•@kDa•j•C•@ovalbumin•@•i45•@kDa•j•C•@chymotrypsinogen•@A•@•i25

kDa•jt•@cytochrorne•@c•@•i12•D5•@kDa•j•D

Amino•@Acid•@—H
•@•@•@•@•@Lyophilyzed•@isozyme•@proteins•@after•@exhaustive•@dia•|

lysis•@against•@deionized•@water•@were•@hydrolyzed•@in•@6•@N•@HCI

in•@evaculated•@sealed•@tubes•@at•@llOOC•@for•@24•C•@48•C•@and•@72

h•D•@•@The•@hydrolysates•@were•@subƒSect“ñed•@to•@a•@Hitachi•@•@mode1

835•@amino•@acid•@analyzer•E•@The•@values•@for•@threonine•@and

serine•@were•@obtaiped•@by•@extrapoƒ†ation•@to•@zero•@time•@•m50•nr

and•@those•@for•@valine•@and•@isoleucine•@were•@determined•@with

72•@h•@hydrolysate•@•m5i•n•E•@Cystein•@and•@methionine•@were

estimated•@as•@cystein2c•@acid•@and•@methionine•@sulfone•@after

performic•@acid•@oxidation•@•m52•n•E•@Tryptophan•@was•@deter•|

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@u
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mined•@by•@hydrolysis•@in•@methane•@sulfonic•@acid•@•m53•n•D

˜j’U2•|Terminal•@Alm11•Dino•@Acid’U•…’K•º•cDetermination

•@•@•@•@•@Automat“ñed•@•@Edman•@degradation•@was•@carried•@•@out•@•@with

Beckman•@iiquid•|phase•@sequencer•C•@type•@890•|C•C•@or•@Applied

Biosystems•@•@477A•@gas•|phase•@prot“ñein•@sequencer•E•@•@The•@•@PTH

amino•@acids•@were•@identified•@by•@HPLC•@with•@a•@TSK•@gel•@ODS•|

80Tm•@reverse•|phase•@column•@•m54•n•@for•@the•@former•C•@or•@by•@an

on•|line•@PTH•@analyzer•@model•@120A•@•iApplied•@Biosystems•j•@for

the•@latter•D

•h•u•v•v1

•f

•¡•|

•C

•u
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•HˆêL•nL•@Studies
•@•@•@•@•@Homogeneous•@IDHˆê•H•@•i860•@‚Ý19•j•@or•@IDH•|II•@•i930•@P9•j•@emul•|

sified•@•@with•@•@Freund‹¿s•@complete•@•@adƒSuvant•@•@was•@•@inƒSected

subcutaneously•@into•@a•@young•@New•@Zeaiand•@white•@rabbit•D

Two•@and•@three•@weeks•@iater•C•@booster•@injection•@was•@per•|

formed•@with•@a•@half•@dose•@of•@the•@first•@inƒSection•D•@•@Twenty

days•@after•@the•@last•F•@inƒSection•C•@blood•@was•@colƒ†ect•Ged•@•@from

ear•@veinr•@allowed•@to•@clot•@at•@room•@temperature•C•@and•@then

left•@overnight•@in•@cold•@room•D•@An•@antiserum•@was•@obtained

by•@centrifugation•@at•@3•C000•@X•@g•@for•@10•@min•D•@The•@lgG

fraction•@was•@prepared•@by•@precipitation•@with•@50•@g•@ammo•|

nium•@•@sulfatet•@folƒ†owed•@by•@passage•@through•@a•@•@coƒ†umn•@•@of

DEAE•@•@celluƒ†ose•@•@•m55•n•D•@•@•@Double•@immunodiffusion•@in•@•@l•@•@‚»

agarose•@supplemented•@with•@O•D1•@g•@sodium•@azide•@was•@per•|

formed•@according•@to•@the•@method•@of•@Ouchterlony•@•m56•n•D

For•@the•@immunotitrationr•@Vibrio•@ABE•|l•@and•@y•EPŽÕ
•IiMˆê12•DgyEt•@c•@e•@l•@l•@s•@were•@sonicaliy•@d•@i•@s•@r•@u•@p•@t•@e•@d•@in•@20•@mM•@•@p•@o•@t•@a•@s•|
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Š–•Dn•y•w•@•@•@•@•@•@‡ht•D•f•E•u1•D•E‚Ä•D•w•uƒ~”î•A•E

•@•@•@•@•@•@•@sium•@phosphate•@buffer•@•ipH•@7•D5•j•@containing•@O•D5•@M•@NaCl•C•@2

•@•@•@•@•@•@•@mM•@MgC12•C•@1•@mM•@EDTA•@and•@IO•@mrvl•@2•fmercaptoethanol•D•@Cell

•@•@•@•@•@•@•@free•@extract•@obtained•@by•@centrifugation•@at•@15•C000•@X•@s
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and•@7•D5•|8•D0•@for•@IDH•|II•D•@ln•@addition•C•@the•@stability•@of

the•@each•@isozyrne•@was•@differently•@affected•@by•@the•@addi•|

tion•@of•@some•@chemicals•D•@Giycerol•@and•@citrate•@were

found•@to•@stabilize•@for•@IDH•|1•C•@but•@not•@for•@IDH•|II•D•@On

the•@other•@handr•@reducing•@agents•@such•@as•@2•|mercapto•|

ethanol•@•@and•@•@dithiothreitol•C•@•@and•@t“ñhe•@•@presence•@•@of•@•@an

appropriate•@concentration•@of•@salt•G•@1ˆê•Fsˆê•Fˆê•@NaCl•@or•@KCIt

were•@indispensable•@for•@protection•@of•@IDH•|Ir•@from•@the

inactivation•@•m47•n•C•@while•@such•@a•@compound•@was•@ineffective

for•@•HDH•|1•D
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Pu•@n•f•@ficatlon

•@•@•@•@•@•Hn•@order•@t“ñ•Z•@purify•@the•@each•@isozyme•@in•@the•@•@respec•|

tive•@suitable•@conditions•C•@I•@attemped•@to•@separate•@the

isozymes•@from•@each•@other•@in•@an•@early•@step•@of•@the•@purifi•|

cation•D•@After•@then•C•@IDH•|1•@and•@ˆêII•@were•@purified•@separa•|

t“ñely•@•@by•@the•@met•Fhod•@described•@previOusly•@•y47•n•@with•@•@some

modifications•D•@All•@operations•@were•@carried•@out•@at•@40c

or•@belOw•C•@unless•@otherwise•@indicat“ñed•E•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•D

•@•@•@•@•@’U‘ÂPL•@•|9•dCell•|Free•@Extract
•@•@•@•@•@Frozen•@cells•@•iusually•@60•@g•@wet•@weight•j•@were•@thawed•C

suspended•@in•@about•@an•@equal•@volume•@of•@chilled•@20•@mM

potassium•@phosphate•@•ipH•@7•D5•j•@containing•@O•D5•@M•@NaCl•C•@2•@mM

rvlgC12•C•@and•@IO•@mM•@2•|mercaptoethanol•@•ireferred•@to•@as•@Buf•|

fer•@A•j•@and•@subƒSected•@to•@sonic•@osci•n•Dlation•@for•@four•@times

of•@l•D5•@min•@wit“ñh•@each•@interval•@of•@l•@min•@under•@continuous

cooling•D•@Cell•|free•@extract•@was•@obtained•@by•@centrifuga•|

tion•@of•@the•@lysate•@at•@12•C000•@X•@g•@for•@30•@min•D

•@•@•@•@•@’U‘Y2•«•@•@•@Protamine•@Sulfate•@Treatment

•@•@•@•@•@2•@•“•@protamine•@suifate•@in•@Buffer•@A•@was•@added•@drop•|

wise•@•@to•@the•@cell•Eˆêfree•@extract•@with•@gentƒ†y•@•@stirring•@•@to

give•@a•@ratio•@of•@i•@mg•@of•@protamine•@sulfate•@per•@5•@mg•@of

protein•D•@The•@rnixture•@was•@stirred•@further•@20•@min•@and

centrifuged•@at•@12•C000•@X•@g•@for•@20•@rnin•D•@The•@precipitate

was•@discarded•D

•@•@•@•@•@’U‘k•»•@ŽO•@•@•@Ammonium•@Sulfate•@Fract“ñionation

•@•@•@•@•@To•@the•@supernatantr•@powdered•@amrnonium•@sulfate•@was

added•@gradually•@to•@give•@45•@g•@saturation•D•@The•@solution

was•@stirred•@for•@l•@h•C•@centrifuged•@atƒ†2•C000•@X•…1•@for•@20
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min•C•@and•@the•@precipitat“ñe•@was•@discarded•E•@•@Ammonium•@•@sul•|

fate•@•@was•@further•@added•@t“ñ•Z•@t“ñhe•@supernatant•@to•@give•@75•@•@‹T

saturation•C•@and•@the•@solution•@was•@stirred•@and•@centptfuged

as•@described•@above•D•@The•@precipitate•@was•@saved•D
During•@this•@step•C•@the•@pH•@of•@t•Ghe•@solution•@was•@adƒSust“ñed•@to

7•D5by•@t“ñheadditiOnof•@lMNH40H•E

•@•@•@•@•@‰º•‘2•@ŒE“ñ•@•@•@’U—H•vŽO•@Chromato•@ra•@h

•@•@•@•@•@The•@•@resultant•@pe1ƒ†et•@was•@dissolved•@in•@a•@small•@•@vo•|

lume•@of•@Buffer•@A•@to•@give•@a•@concentration•@of•@ammonium

sulfate•@of•@about•@1•D5•@M•C•@and•@the•@solution•@was•@cleared

by•@centrifugation•D•@The•@obtained•@amber•@supernatant•@was

applied•@to•@a•@column•@of•@Butyl•|Toyopearl•@650M•@•i2•D5•@X•@20

cm•j•@equilibrated•@with•@Buffer•@A•@containing•@1•D5•@M•@ammonium

sulfate•@at•@the•@flow•@rate•@of•@3•@ml•^min•D•@The•@column•@was

washed•@exhaustively•@with•@the•@same•@buffer•@until•@the•@ab•|

sorbance•@at•@280•@nm•@of•@eluent•@was•@below•@O•Dlr•@then•@a

linear•@gradient•@from•@i•D5•@to•@O•@M•@ammonium•@sulfate•@was

developed•@in•@a•@total•@volume•@of•@l•@liter•D•@IDH•|1•@was

eluted•@at•@near•@1•D0•@M•@ammonium•@sulfate•D•@After•@gradient

was•@over•C•@the•@column•@was•@washed•@with•@Buffer•@A•@to•@elute•@a

large•@amount•@of•@1DH•|II•@absorbed•@to•@the•@column•D•@Two

different•@•@•HDH•@•@activities•@were•@able•@•@to•@•@be•@•@completely

separated•@in•@this•@step•@•iFig•D•@2•j•D•@Fractions•@containing

the•@respective•@IDH•@agtivity•@were•@pooled•@separateiy•D

•@•@•@•@•@IDH•|1•@’U—H•†ƒ°“ñ•@•@•@DEAE•@—¢•…•†ƒ°‘Yƒ†•@650M•@•º•Q

•@•@•@•@•@The•@•HDHˆê•E•H•@solution•@was•@concenƒq•Frat“ñed•@by•@ultrafilt“ñ•Fra•|

tion•@with•@a•@UP•|20•@mernbrane•@•iToyo•@Roshi•@Co•D•j•C•@and•@dia•|

lyzed•@against•@Buffer•@B•@•i20•@mtvl•@potassium•@phosphate•@•ipH
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6•D8•j•@containing•@50•@mM•@KCI•C•@5•@mM•@potassium•@citrate•C•@2•@mM

MgC12•C•@and•@10•@g•@glycerol•j•D•@The•@dialyzed•@enzyme•@was

cleared•@by•@centrifugation•@and•@applied•@to•@a•@colurpn•@of

DEAE•@Toyopearl•@650rv•I•@•i1•D6•@X•@l5•@cm•j•@equilibrated•@with

Buffer•@B•@at•@the•@flow•@rate•@of•@O•D5•@ml•^min•D•@After•@washing

the•@•@column•@with•@four•@column•@volume•@of•@Buffer•@•@B•C•@•@IDHˆê•H

was•@eluted•@with•@a•@linear•@gradient•@from•@50•@to•@250•@mM•@KCI

in•@a•@total•@volume•@of•@300•@ml•@•iFig•D•@3A•j•D•@Fractions•@con•|

taining•@high•@activity•@were•@collected•C•@concentrated•@wlth

polyethylene•@glycol•@•”20•C000•C•@and•@dialyzed•@against•@Buffer

c•@•i20•@mlvf•@potassium•@phosphate•@•ipH•@6•D5•j•@containing•@2•@mM

MgC12•C•@and•@10•@•“•@glycerol•j•D

•@•@•@•@•@IDH•|1•@•@’U“ß1•d“ñ•@•@•@Procion•@Red•@’U•ºŽ“•@C•FL•|6B•@Chro•|

11•Ig1tigglLgE1•nMh

•@•@•@•@•@The•@dialyzed•@enzyme•@was•@applied•@to•@a•@column•@of

Procion•@Red•@Sepharose•@CL•|6B•@•il•@X•@l3•@cm•j•@equilibrated

wit“ñh•@•@Buffer•@C•@dt•@the•@flow•@rate•@of•@O•D25•@ml•^min•D•@•@•@Aft•Ger

washing•@the•@coiumn•@with•@the•@same•@buffer•@until•@the•@absor•|

bance•@at•@280•@nm•@of•@eluent•@was•@negligibler•@a•@linear

gradient•@from•@O•@to•@40•@rnM•@pot“ñassium•@citrate•@was•@developed

in•@a•@total•@volume•@of•@150•@ml•@•iFig•D•@3B•j•D•@Eiuted•@frac•|

t“ñions•@•@with•@IDH•|I•@acti•¤ity•@were•@collected•C•@•@concentrated

as•@above•C•@and•@dialyzed•@against•@Buffer•@B•@omitted•@50•@mM

KCI•D

•@•@•@•@•@IDH•|1•@’U•D—¢•»ƒG•[“ñ•@•@HPLC•@•…•†’U•@TSK’UgLl•@DEAE•|5PW

•@•@•@•@•@IDH•|1•@was•@finally•@purified•@by•@HPLC•@•iTosoh•@Co•D•j•D

The•@dialyzed•@solution•@was•@applied•@to•@a•@column•@of•@TSK•@gel

DEAE•|5PW•@•iO•D7•@•~•@7•@cm•j•D•@HPLC•@was•@carried•@out•@at•@roo•Cm
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temperature•@under•@the•@following•@conditions•F•@flow•@rate•C

O•D5•@ml•^min•G•@gradient•C•@100•@•“•@Buffer•@B•@omitted•@50•@mM

KCI•^13•@min•C•@O•|38•@O•|o•@Buffer•@B•@containing•@O•D5•@M•@KCI•^1•@min•C

38•|40•@•“•@the•@same•@buffer•^20•@min•C•@and•@40•|IOO•@Z•@the•@same

buffer•^1•@min•D•@IDH•|1•@was•@eluted•@coincidentally•@with•@a

main•@peak•@of•@absorbance•@at•@280•@nm•@as•@shown•@in•@Fig•D•@3C•D

The•@resulting•@preparation•@was•@dialyzed•@against•@Buffer•@B

c•Bntaining•@40•“glycer•E1•C•@and•@st•Ered•@a‚¢200C•@until•@use•E

•@•@•@•@•@IDH•|II•ISIL•I19Rt•@ŽŠ•Û•@’Uˆê•c’Ž“ñ9’_‘Y
•@•@•@•@•@The•@pooled•@IDH•|11•@solution•@after•@the•@step•@4•@was•@con

centrated•@with•@a•@UP•|20•@membrane•C•@and•@dialyzed•@against

Buffer•@D•@•i20•@mM•@potassium•@phosphate•@•ipH•@8•D0•j•C•@250•@mM

NaCl•C•@2•@mM•@MgC12r•@and•@IO•@mM•@2•|mercaptoethanol•j•D•@The

dialyzed•@material•@was•@cleared•@by•@centrifugation•C•@and

applied•@•@to•@•@a•@column•@of•@hydroxyƒ†apatite•@•i1•D6•@X•@•@lO•@•@cm•j

equilibrated•@with•@Buffer•@D•@at•@the•@flow•@rate•@of•@7•D2•@ml•^h•D

After•@washing•@the•@column•@with•@three•@column•@volume•@of•@the

same•@bufferr•@a•@linear•@gradient•@from•@20•@to•@300•@mh•@potas•|

sium•@phosphate•@was•@developed•@to•@elute•@IDH•|1•H•@in•@a•@•@total

volume•@of•@250•@ml•@•iFig•@4A•j•D•@Fractions•@having•@activity

were•@collected•C•@concentrated•@with•@polyethylene•@glycol•@•”

20•C000•C•@and•@dialyzed•@against•@Buffer•@E•@•i20•@mM•@potassium

phosphate•@•ipH•@8•D0•j•C•@IOO•@mM•@NaCl•C•@2•@mM•@rvlgC12•C•@and•@IO•@rntv1

2•|mercaptoethanol•j•D

•@•@•@•@•@IDH•|II•@’U—H2•c•@•@•@DEAE•@‘k•c•†•cA•|50•@Chromato•@ra•@h

•@•@•@•@•@The•@diaiyzed•@enzyme•@was•@applied•@to•@a•@column•@of•@DEAE

Sephadex•@A•|50•@•i1•D6•@X•@10•@cm•j•@equilibrated•@with•@Buffer•@E

at•@•@the•@•@flow•@rate•@of•@l8•@ml•^h•D•@•@The•@coƒ†umn•@•@was•@•@washed
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with•@three•@column•@volume•@of•@the•@same•@buffer•C•@then•@IDH•|11

was•@•@eluted•@•@with•@a•@linear•@gradient•@from•@lOO•@t“ñ•Z•@•@400•@•@mM

Nacl•@in•@a•@total•@volume•@of•@300•@ml•iFig•D4B•j•D•@Fragtlons

containing•@high•@activity•@were•@collectedr•@concentrated

with•@polyet“ñhylene•@glycol•@•”•@20•C000•C•@and•@dialyzed•@•@against

Buffer•@E•D

•@•@•@•@•@IDH•|II•@’U•DŽ£•»ƒGƒj•@•@•@Elution•@Eb2Z•@Substrate•@from•@DEAE

•@•@•@•@•@—¢9ƒG‘Yƒ†650M

•@•@•@•@•@The•@final•@step•@of•@IDH•|II•@purification•@was•@specific

elution•@of•@the•@enzyme•@by•@substrate•@from•@a•@DEAE•@Toyopearl

column•D•@The•@dialyzed•@material•@from•@the•@previous•@step

was•@applied•@to•@a•@column•@of•@DEAE•@Toyopearl•@650rvl•@•i1•D6•@X•@IO

cm•j•@equilibrated•@with•@Buffer•@E•@at•@the•@flow•@rate•@of•@2

ml•^min•D•@After•@washing•@the•@column•@with•@the•@same•@buffer•C

IDH•|II•@was•@eluted•@with•@4•@mrvl•@DL•|isocitrate•@in•@Buffer•@E

•iFig•B•@•@4C•j•D•@•@•@Fract“ñions•@near•@the•@peak•@of•@•@the•@•@acti•¤ity

were•@subjected•@Lo•@polyacrylamide•@gel•@electrophoresis•@in

the•@presence•@of•@sodium•@dodecyl•@sulfate•@to•@check•@their

purities•D•@The•@fractions•@containing•@only•@one•@band•@cor•|

responding•@to•@IDH•|rl•@were•@pooled•C•@concentrated•@by•@ultra•|

filtrat“ñion•C•@•@and•@dialyzed•@against•@Buffer•@A•@•@supplemented

with•@4•@mM•@isocitrate•D•@The•@purified•@IDH•|II•@was•@stored

atƒj•@ˆê200C•@until•@use•D

RSyRELt•Cgggnsu•@1•@t•@Lt•@111t•Cu•Fˆê1•D1•Fˆê2•Cgac1•Dgpr•@i•@f•@i•@cation

•@•@•@•@•@Despite•@the•@examination•@of•@a•@variety•@of•@column

chrornatography•C•@including•@ion•@exchanger•C•@affinity•@matri•|

cesr•@and•@elution•@bufferst•@the•@complete•@separation•@of•@the
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1DH•@isozymes•@was•@not•@accornpiished•@unless•@the•@hydrophobic

chromatography•@on•@Butyl•@Toyopearl•@650M•@was•@introduced

•iFig•D•@2•j•D•@The•@elution•@profile•@of•@IDHˆêˆêII•@from•@a•@colurnn

of•@Butyl•@Toyopearl•@was•@greatly•@influenced•@by•@the•@concen•|

tration•@of•@NaCl•@or•@KCI•@employed•G•@g••ˆêg•Fˆê•@50•@mM•@KCI•@could

not•@•@elute•@IDH•|II•@independently•@of•@IDH•|1•f•@while•@that“ñ•@•Zf

1DH•|1•@was•@not•@affected•@by•@changing•@NaCl•@or•@KCI•@concen•|

tration•D

•@•@•@•@•@After•@t“ñhe•@separat“ñion•C•@three•@sequential•@chromatogra•|

phic•@techniques•@as•@described•@above•@led•@IDH•|1•@to•@be

homogeneous•@state•D•@•@•@Borthwick•@•c•FtL•@•cƒ†•B•@•m59•n•@reported•@that

E•D•@coli•@IDH•C•@which•@is•@similar•@to•@IDH•|1•@in•@molecular

structure•@and•@thermal•@property•@•isee•@below•j•C•@was•@comple•|

tely•@retained•@by•@a•@column•@of•@Procion•@Red•@Sepharose•@equi•|

11brated•@with•@potassium•@phosphate•@buffer•@containing

potassium•@citrate•C•@followed•@by•@elution•@with•@a•@•hpulse•h•@of

NADP•{•D•@But•@this•@technique•@could•@not•@be•@applied•@to•@IDHˆê

•H•C•@because•@IDH•|I•@was•@neither•@absorbed•@to•@this•@mat•Grix•@•@in

the•@presence•@of•@5•@mM•@potassium•@citrater•@nor•@eluted•@by

NADP•{•@even•@if•@the•@enzyme•@was•@absorbed•@in•@the•@absence•@of

potassium•@citrate•@•mdata•@not•@shown•n•D

•@•@•@•@•@The•@purification•@of•@IDH•|II•@was•@hampered•@by•@the

problems•@originated•@from•@salt•@dependency•@of•@the•@enzyme•D

Because•@•@t“ñhe•@•@activity•@of•@IDH•|II•@was•@lost•@rapidly•@•@in•@•@a

condition•@without•@O•D1•|O•D4•@M•@KCi•@or•@NaCl•C•@only•@a•@iew

t“ñechniques•@with•@commercially•@a•¤ailable•@matrices•@could•@be

applicable•D•@•@Although•@a•@lot•@of•@proteins•@other•@t“ñhan•@IDH•|

II•@were•@eliminated•@by•@hydroxylapatite•@•iFig•D•@4A•j•@and

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@23
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DEAE•|Sephadex•@column•@chromatography•@•iFig•D•@4B•j•C•@a

number•@of•@rninor•@contarninants•@could•@not•@be•@removed

if•@these•@techniques•@were•@applied•@repeatedly•D

•@•@•@•@•@Typlcal•@results•@of•@the•@purifications•@of•@the

zymes•@are•@suminarized•@in•@Table•@1•D

small

•@even

isoˆê

’UŽl‹rM•ElecularŽ£and•@ls•Belectric•@Point
•@•@•@•@•@The•@purified•@IDH•@isozymes•@gave•@only•@a•@single•@band

of•@protein•@Or•@enzyme•@activity•@on•@t“ñhe•@gels•@of•@electrOpho•|

reses•@both•@under•@nondenaturing•@and•@denaturing•@conditions

•iFig•D•@5A•@and•@5B•j•D•@When•@the•@gels•@were•@stained•@for•@IDH•|

II•@activity•C•@tailing•@of•@the•@band•@was•@appeared•@with•@the

time•@of•@the•@incubation•@•m47•n•D•@From•@the•@migratlon•@dis•|

tance•@of•@t“ñhe•@each•@isozyme•@on•@the•@gels•@in•@t“ñhe•@presence•@of

sodium•@dodecylsulfate•C•@molecular•@weights•@of•@IDH•|1•@and•@ˆê

11•@were•@estimated•@as•@49•CiOO•@and•@79•C500•Crespectively•D

On•@the•@other•@handr•@apparent•@molecuiar•@weights•@determined

by•@analytical•@gel•@filtration•@were•@88•CIOO•@for•@rDH•|1•@and

80•C500•@for•@rDH•|II•C•@respectively•@•iFig•D•@6•j•D•@These•@obser•|

vations•@confirm•@the•@previous•@results•@•m60•n•@that•@1DH•|1•@is

a•@dimeric•@form•@and•@IDHˆê•HI•@is•@a•@single•@polypeptide•B

•@•@•@•@•@As•@shown•@in•@Fig•D•@7•C•@the•@purity•@of•@the•@purified

isozymes•@was•@confirmed•@again•@by•@an•@electro•|focusing•C•@and

the•@isoeƒ†ec•@tric•@points•@of•@IDH•Eˆê1•@—ând•@•|II•@were•@found•@to•@be

5•D2•@and•@4•D9•@•Crespectively•D
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ˆê’UP•c•º•x“ñ•c
•@•@•@•@•@The•@ultraviolet•@absorption•@spectra•@of•@native•@IDH

isozymes•@in•@•E20•@mlvl•@potassium•@phosphate•@•ipH•@7•D5•j•@contai•|

ning•@250•@mrvl•@NaCl•C•@2•@mrvl•@TvlgC12•C•@and•@1•@mtvl•@dithiothreitol•C

at•@150C•C•@resulted•@in•@ordinary•@protein•@absorption•@spect•|

ra•@•@with•@a•@maximum•@at•@278•@nm•@and•@a•@shoulder•@at“ñ•@292•@•@nm•D

values•@of•@lillc•F1•@at•@280•@nm•@of•@IDH•|1•@and•@ˆêll•@were•@obtained

as•@•@6•D15•@•@and•@4•DOl•C•@respectively•C•@on•@the•@•@basis•@•@of•@•@t“ñhe

protein•@concentration•@determined•@by•@the•@method•@of•@Brad•|

ford•@•m46•n•D

A•Dg•Dgl•|1•|gt•@go•@Agt•|2•Cgi•@d•@9t•@g1g•p2gsE•|1•D•I•Iˆê•Igpo•@s•@l•@t•@l•@o•@n

•@•@•@•@•@The•@amino•@acid•@compositions•@of•@the•@isozymes•@are

represented•@in•@Table•@II•@on•@the•@basis•@of•@rvlr•@of•@49•C000•@for

IDH•|I•@•@and•@of•@80•C000•@for•@IDH•|II•D•@•@It•@seems•@•@that•@•@IDH•ƒ•H

contains•@rnore•@non•|polar•@amino•@acid•@residues•@such•@as

valine•C•@methioniner•@isoleucine•C•@and•@tryptophani•@and•@IDH•|

II•@possesses•@significantly•@higher•@amounts•@of•@hydroxyl

amino•@acids•@such•@as•@serine•@and•@threonine•@than•@the•@res•|

pective•@counterpart•D•@The•@calculated•@values•@of•@the

hydrophobicity•@•@indices•@•iHd•j•@•y61•z•@of•@IDH•|I•@and•@•|II•@•@were

1•D102•@and•@O•D963•@Kcal•^residue•C•@which•@are•@comparable•@to

those•@of•@cytoplasmic•@proteins•@obtained•@from•@several

non•|halophilic•@and•@halophilic•@bacteria•C•@respectively•D

Relatedness•@among•@six•@different•@1DH•@proteins•@purified

from•@•@five•@different•@bacterial•@strains•@was•@est“ñimated•@•@by

using•@the•@parameter•@S•Ct4•I9Q•@which•@was•@expressed•@by•@Marchalo•|

nis•@and•@Weltman•@•m63•n•@as•@the•@sum•@of•@the•@square•@of•@the

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@25
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•@•@•Q•D•D•D1•OŠ••A•D•D•D•D•A•C•D•D•D•C•A“ñ˜hƒ\ƒj•F‘’‡n1‘w1

difference•@in•@mole•@fraction•@of•@each•@amino•@acid•@residue

•iTable•@III•j•D•@The•@fact•@that•@all•@SIASIQ•@values•@listed•@in

the•@Table•@are•@less•@than•@iOO•@indicates•@that•@these•@bacte•|

rial•@rDHs•@are•@comparatively•@similar•@in•@their•@amino•@acid

compositions•D•@Especially•C•@close•@relatedness•@is•@found

between•@IDH•|1•@and•@ˆêII•@•i15•DS•j•C•@and•@between•@IDHs•@of•@E•D

coli•@a•@n•@d•@B•D•@s•@t•@e•@a•@r•@o•@t•@h•@e•@r•@mophˆê•IilLugsu•@s•@•i12•D2•j•D

1•ILH2•F•FtllgllLI1Lln•Fermlnal•@Altp2•|pgi•@no•@Agt•@l•Cgi•@d•@1Ssgygpggence

•@•@•@•@•@IDH•|1•@and•@ˆêZI•@were•@subjected•@to•@40•@and•@28•@cycles•C

respectively•C•@•@of•@aut“ñ•Zmated•@Edman•@degradation•D•@•@In•@•@ana•|

lyses•C•@both•@isozymes•@gave•@only•@one•@PTH•|amino•@acid•@at

each•@cycle•C•@suggesting•@that•@IDH•|1•@is•@cornposed•@of•@chemi•|

cally•@identical•@or•@highly•@homologous•@subunits•D•@The

NH2•|terminal•@sequences•@of•@the•@isozymes•@are•@shown•@in•@Fig•D

8•D

tLgggyug2t•Cgg2•DgalLl•@•IPtss2Rg•I•Iˆê•I1zt

•@•@•@•@•@By•@Ouchterlony•@double•@diffusion•@•m56•n•C•@it•@was•@re•|

vealed•@•@that•@IDH•EˆêI•@and•@ˆê•HI•@formed•@a•@•@precipitation•@•@line

only•@with•@the•@antibody•@raised•@against•@the•@respective

isozyme•@•iFig•D•@9•j•D•@Non•|imrnunocrossreactivity•@between

the•@isozymes•@was•@confirmed•@again•@by•@imrnunotitration

method•@•iFig•D•@iO•jr•@that•@is•C•@rabbit•@anti•|IDH•|1•@antiserum

was•@unable•@to•@neutralize•@the•@activity•@of•@IDH•|II•@at•@all•D

These•@•D•@results•@suggest•@the•@possibility•@that•@the•@each

antiserum•@against•@the•@IDH•@isozymes•@may•@be•@useful•@to

distinguish•@the•@other•@bacterial•@IDHs•@in•@immunochemical
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and•@structural•@properties•D•@Thus•C•@the•@activities•@of

some•@bacterial•@IDHs•@were•@immunotitrated•@with•@each•@one•@of

the•@antisera•@•E•iTable•@IV•j•D

Thermostabilit

•@•@•@•@•@Thermostabilities•@of•@the•@IDH•@isozymes•@were•@examined

under•@the•@conditions•@as•@described•@in•@•hrvlATERrALS•@AND

METHODS•h•C•@and•@the•@results•@were•@essentially•@the•@same•@as

described•@•@wit“ñh•@impure•@preparations•@•m47•n•E•@•@As•@•@shown•@•@in

Fig•D•@il•C•@IDH•|1•@was•@stable•@up•@to•@400C•@for•@at•@least•@20

min•C•@but•@inactivated•@linearly•@in•@the•@course•@of•@tirne

period•@on•@semi•|logarythmic•@plots•@with•@increasing•@tempe•|

rature•@•@incubated•@abo•¤e•@450C•D•@•@•@In•@contrast•C•@IDHˆê•H•H•@•@was

extremely•@therrnolabile•C•@and•@inactivated•@above•@200C•D•@The

rate•@of•@inactivation•@of•@IDH•|II•@was•@very•@rapid•@in•@the

first•@5•@min•C•@and•@became•@in•@the•@second•@phase•D

Effect•@•@g•…“ñ•@Nucleotides•@and•@Other•@•º“ñŽO•…•†•c•@•@•…ŽO—H

•@•@•@•@•@The•@effects•@of•@sorne•@compounds•@on•@enzymatic

activities•@of•@both•@isozymes•@are•@summarized•@in•@Table•@V•D

As•@similar•@as•@the•@report•@by•@others•@•m27•C•@30•n•@that•@citrate

inhibits•@the•@activity•@of•@some•@dimeric•@IDHs•C•@citrate

inhibited•@specificaUy•@the•@activity•@of•@rDH•|1•D•@On•@the

other•@hand•C•@glyoxylate•@inhibited•@only•@the•@activity•@of

IDH•|II•C•@and•@the•@concerted•@inhibition•@by•@oxalaetate•@and

glyoxylate•@was•@severer•@in•@IDHˆê11•@as•@reported•@previously

•m47•n•D•@The•@inhibitory•@effects•@of•@ATP•@and•@o•qˆêketogluta•|

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@27
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rate•@on•@IDHˆê•H•@were•@found•@to•@be•@higher•@about•@twofold•@than

those•@•@on•@•@IDHˆê•H1•D•@•@•@The•@inhibitory•@degree•@of•@•@the•@•@com•fˆê

pounds•@on•@rDHˆê1•@activity•@was•@independent•@on•@assay•@Pempe•|

rature•@at•@40•@OC•@and•@200C•D•@Neither•@acceleration•@of•@the

enzymatic•@activities•@nor•@concerted•@inhibition•@by•@any

combination•@other•@than•@glyoxylate•@and•@oxalacetate•@were

observed•@so•@far•D

Effect•@of•@MonOvalent•@Cation•@9’U—H
•@•@•@•@•@Figure•@•I2•@i•Ilustrates•@the•@effects•@of•@rnonovalent

cations•@on•@the•@activities•@of•@the•@IDH•@isozymes•@as•@ex•|

pressed•@relatively•@to•@100•@g•@activity•@of•@the•@value•@mea•|

sured•@under•@the•@standard•@assay•@condition•@•iin•@the•@presen•|

ce•@of•@250•@mM•@NaCi•j•D•@For•@both•@isozymes•C•@it•@was•@found

that•@K•{•@was•@preferable•@to•@any•@other•@cations•@tested•C•@and

was•@broader•@the•@range•@of•@optimurn•@concentration•@for•@acti•|

vity•@of•@IDHˆê•HI•@than•@that•@of•@IDH•|1•D

Kinetic’UŽå•»•C•±ƒG

•@•@•@•@•@The•@1S1tL•@values•@of•@the•@two•@IDH•@isozymes•@were•@deter•|

mined•@wlthin•@the•@temperature•@range•@that•@each•@isozyme

could•@not•@be•@inactivated•@during•@the•@assay•D•@For•@both

isozymes•C•@the•@apparent•@Krn•@values•@for•@DL•|isocitrate•@in•|

creased•@linearly•@•iFig•D•@i3A•j•D•@Such•@a•@linearlity•@was

also•@observed•@in•@the•@changes•@of•@the•@1S1tL•@values•@for•@NADP•{

of•@IDH•|II•C•@whereas•@t“ñhe•@relationship•@between•@•@temperature

and•@the•@11Lt•@values•@for•@NADP•{•@of•@IDH•|1•@showed•@a•@synclinal

curve•@with•@a•@minimurn•@point•@at•@200C•@•iFig•D•@13B•j•D•@Over
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the•@temperature•@range•@from•@50•@to•@200Cr•@the•@1Slt•F•@values•@for

isocitrate•@and•@NADP•{•@of•@1DH•|II•@were•@considerably•@lower

t“ñhan•@those•@Of•@IDH•|1•D•@•@•@These•@resuƒ†ts•@indicate•@that•@•@IDH•|

II•@shows•@rnuch•@higher•@affinity•@for•@substrate•@than•@IDHˆê1•C

especially•@at•@lower•@temperat“ñu•ues•E

•@•@•@•@•@The•@•@values•@•@of•@the•@maximum•@velocit“ñy•@•@measured•@•@•@at

various•@temperatures•@are•@listed•@in•@Table•@VI•D•@As•@shown

in•@Fig•D•@14•C•@the•@Arrhenius•@plot•@of•@1DH•|1•@was•@best•@fitted

by•@a•@biphasic•@linear•@curve•@showing•@a•@break•@at•@200c•C

whereas•@that•@of•@1DH•|rl•@was•@monophasic•D•@The•@Ymax•^11•Ip

values•@were•@always•@higher•@in•@IDH•|II•@than•@in•@IDH•|1•@under

the•@permissive•@temperature•@range•@for•@the•@growth•@of•@i•IL2r•DE•Fb•|

rio•@ABE•|1•@•iTable•@V•j•D•@Since•@the•@value•@of•@Ymax•^1S1g•@of

IDH•|II•@increased•@with•@decrease•@of•@temperaturer•@the•@reac•|

tion•@catalyzed•@by•@IDH•|II•@may•@proceed•@preferentially•@Lt

vivo•@under•@low•@temperature•D

•@•@•@•@•@Table•@VII•@shows•@the•@apparent•@therrnodynamic•@activa•|

tion•@parameters•@for•@the•@two•@IDH•@isozymes•D•@The•@value•@of

the•@activation•@energy•@was•@calculated•@from•@the•@slopes•@in

Fig•D•@14•@and•@the•@others•@were•@frorn•@the•@equations•@des•|
cribed•@in•@•hMATERIALS•@AND•@METHODS•h•E•@The•@910r•@lil•Gt•C•@AIHLf

and•@AS•^•@values•@of•@IDHˆê1•@are•@significantly•@higher•@than

those•@of•@IDH•|1•H•B•@•@Compared•@with•@the•@differences•@of•@•@the

four•@pairs•@of•@parameters•@of•@the•@two•@isozymes•@described
abover•@AGS•@values•@differed•@a•@little•@from•@each•@other•D
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DISCVSSION

•@•@•@•@•@Two•@distinct•@forms•@of•@NADP•{ˆêspecific•@isocitrate
•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@l

dehydrogenase•@were•@purified•@to•@be•@homogeneous•@states

from•@Vibrio•@ABE•|1•E•@Some•@improvements•@were•@found•@to

lead•@to•@the•@success•@of•@the•@purifications•D•@Prirnarily•C

choice•@o•Df•@suitable•@buffers•@and•@t“ñhe•@additives•f•@which•@•@can

minimize•@•@the•@inactivations•@of•@t“ñhe•@isozymes•f•@was•@•@essen•|

tiaƒ†•@•@for•@t“ñhe•@purification•@•iFig•D•@1•j•D•@•@This•@•@means•@•@that

one•@should•@take•@care•@of•@buffer•@systems•@used•@in•@the

purification•@of•@a•@protein•@from•@a•@certain•@source•C•@that

isr•@the•@buffer•@system•C•@which•@has•@already•@been•@reported

as•@suitable•@for•@the•@purification•@of•@a•@similar•@protein

from•@other•@sourcesr•@should•@not•@be•@applied•@easily•@without

critical•@examination•D•@Secondlyr•@the•@coinplete•@separa•|

tion•@of•@the•@isozymes•@was•@accomplished•@by•@introduction•@of

hydrophobic•@chromatography•@•iFig•D•@2•j•D•@Thirdly•C•@in•@each

final•@stepr•@HPLC•@for•@IDH•|1•@•iFig•D•@3C•j•@and•@specific•@elu•|

tion•@by•@substrate•@from•@an•@ion•|exchange•@chromatography

for•@IDH•|II•@•iFig•D•@4C•j•C•@were•@effective•@to•@eliminate•@a•@few

remaining•@contarninants•D•@Finallyr•@an•@adequate•@amount

of•@bacteria•@•iusually•@60•@g•@wet•@weight•j•@was•@employed•@as•@a

starting•@material•@to•@finish•@the•@all•@steps•@of•@purifica•|

tions•@within•@a•@week•D

•@•@•@•@•@Bacterial•@IDHs•@have•@been•@reported•@to•@show•@a•@rnole•|

cular•@weight•@ranging•@75•|100•@kDa•C•@and•@they•@are•@classified

according•@to•@their•@molecular•@structures•@into•@a•@dimeric

type•@composed•@of•@identical•@subunits•@in•@size•@of•@40•|50•@kDa

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@30
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•m24•C29•C32•C34•|35•zand•@a•@m•En•Emeric•Bne•@with•@the•@m•Bƒ†ecu•|

lar•@weight•@of•@75•|80•@kDa•@•m33•C•@45•n•E•@The•@molecular

weights•@and•@structures•@of•@the•@two•@IDH•@lsozymes•@in
•¤ibrio•@•@ABE•|l•@also•@fall•@into•@•@the•@above•@•@cƒ†•Dassification•D

However•C•@the•@coexistence•@of•@such•@different•@types•@of•@IDHs

in•@•@a•@bacterium•@has•@not“ñyet•@been•@•@observed•@in•@any•@•@other

bacterial•@strains•D•@Sor•@the•@relationship•@between•@the

isozymes•@is•@an•@attractive•@problem•@as•@well•@as•@the•@physio•|

logical•@role•@of•@them•D

•@•@•@•@•@Generally•C•@isozymes•@can•@be•@categorized•@into•@two

groups•G•@one•@group•@is•@the•@true•@isozymes•@encoded•@by•@dis•|

t“ñinct•@•@stretches•@of•@DNA•C•@and•@the•@other•@is•@the•@•@secondary

isozymes•@derived•@by•@post•|translational•@or•@epigenetic

modification•@of•@a•@single•@gene•@product•@•m64•n•D•@ln•@respect

to•@the•@I•@DH•@i•@s•@o•@zymes•@o•@f•@YJ2t•D•I•H2•GˆêILgbrio•@ABE•|1•C•@t•@here•@observed•@many

differences•@in•@their•@properties•@such•@as•@amino•@acid•@com•|

position•@•@•iTable•@I•H•j•f•@NH2•|terminal•@amino•@acid•@•@sequences

•iFig•D•@9•j•C•@immunologicai•@property•@•iFig•D•@10•@and•@11•j•@and

thermostabilities•@•iFig•D•@12•j•D•@Apparentlyr•@these•@diffe•|

rences•@suggest•@that•@the•@IDH•@isozymes•@seem•@to•@have•@the

respective•@structural•@genes•D•@This•@conclusion•@is•@suppo•|

rted•@by•@the•@previous•@observation•@•m70•n•@that•@IDH•|1•@was

inducibly•@synthesized•@by•@acetate•C•@whereas•@IDH•|II•@was

not•D•@But•@the•@rnost•@conclusive•@evidence•@for•@the•@above

question•@is•@an•@identification•@of•@the•@genes•@encoding•@the

IDH•@isozymes•C•@and•@it•@will•@be•@shown•@in•@•hPart•@II•h•Din•@this

thesis•D

•@•@•@•@•@It•@is•@of•@quite•@interest•@to•@note•@the•@results•@of•@the

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@31
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ŠW•p“‡•[•[rF•uˆê‘wˆê•D•D•C•D‚µ•[•[•[•D•E•f‰m•u

•Di‹¿•@

•D•@•@•@•E•@•C•[ƒŒFI‚µ•C•E1•úˆê•d•v•C

immunotitration•@•iTable•@1V•j•@that•@each•@rabbit•@antiserum

•@raised•@against•@IDH•|1•@and•@ˆêˆêII•@could•@specifically•@inhibit

•@the•@activity•@of•@either•@types•@of•@bacterial•@IDHs•G•@s2ˆê•Fˆêg••ˆê

anti•|IDH•|1•|antibody•@inhibited•@the•@activities•@of•@IDHs•@of

’U•D•@•@coli•@•@and•@’U•D•@•D•Q•C•@•@and•@•@ant“ñi•|IDHˆê•H1•|antibody

•@inhibited•@the•@activity•@of•@IDH•@of•@A•D•@y•Gt•Dueˆê•Inelan•|d•hji•D•@These

results•@suggest•@that•@bacterial•@dimeric•@and•@monomeric

IDHs•@were•@found•@to•@have•@type•|specific•@antigenicities•C•@or

in•@other•@words•C•@the•@two•@types•@of•@bacterial•@IDHs•@were

imrnunologically•@distinguishable•D•@In•@addition•C•@S•@AQ

values•@among•@the•@homologous•@type•@of•@IDH•@proteins•@were

usually•@lower•@than•@those•@among•@the•@heterologous•@types

•iTable•@Ir1•j•D•@These•@observations•@may•@impiy•@that•@two

types•@of•@IDHs•@were•@originated•@from•@a•@different•@primitive

gene•@or•@evolved•@independently•@from•@a•@common•@ancestor

diverged•@in•@much•@long•@time•@ago•D•@Although•@the•@data•@on

the•@molecular•@structures•@of•@IDHs•@of•@the•@following•@bacte•|

rial•@species•@are•@not•@yet•@available•C•@IDHs•@of•@S•D•@Rgxg•Ft•@d2b•|lh

B•C•@S•E•@•IggtgssEg2nEr•@c•@e•@s•@c•@e•@n•@s•C•@B•E•@E•Iti1•I21ˆêLILikEb•@t•@l•@l•@i•@s•@a•@r•@e•@p•@r•@e•@s•@umed•@t•@o•@b•@e•@a

dimeric•@type•@because•@of•@their•@immunocrossreactivity•@with

anti•|IDH‘Ë1•œˆêantibody•E•@•@•@As•@•@similarly•f•@IDH•@of•@y•F•B•@P•c•H•C•c“ñ

1h•n1•I91U9•D1•CzS2•C1•DyEl•@t•@m•@a•@y•@b•@e•@a•@m•@o•@n•@omeric•@type•@•iThis•@•@s•@p•@e•@c•@u•@l•@a•@t•@i•@o•@n

has•@•@been•@•@proven•@recently•@by•@the•@•@study•@•@wit“ñh•@•@purified

enzyme•@of•@this•@bacterium•@•m1magawa•@S•D•@in•@the•@thesis•@for

the•@degree•@of•@rvlaster•@of•@Science•C•@Hokkaido•@University•@in

1988•n•j•D

•@•@•@•@•@Y•|lt•C121ˆê•Igbno•@ABE•|i•@is•@a•@marine•@bacterium•C•@and•@requires•@an

appropriate•@concentration•@of•@salt•@for•@the•@growth•@•m441•D

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@32
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Some•@cellular•@functions•@or•@components•@of•@Vibrio•@ABE•|1•C

in•@practicer•@are•@stimulated•@or•@stabilized•@by•@the•@addi•|

t“ñion•@•@of•@•@salt“ñ•@such•@as•@NaCl•@or•@KCI•@•m16•n•D•@•@•@Also•@•@in•@•@the

case•@of•@the•@IDH•@isozymes•C•@NaCl•C•@KCI•C•@or•@possibly•@other

mono•¤alent•@•@cat“ñions•C•@•@were•@found•@t•Fo•@•@be•@•@essent•Fial•@•@for

their•@•@stabilizations•D•@•@Especially•C•@salt“ñdependency•@•@was

striking•@•@in•@•@•HDH•|II•D•@•@•@When•@50•@mM•@KCl•@was•@•@employed•@•@in

place•@of•@O•D5•@Tvl•@NaCl•@in•@the•@buffer•@system•C•@IDH•|II•@was

coeluted•@with•@IDH•|I•@from•@a•@column•@of•@But“ñyl•|Toyopearl•@•@in

a•@partially•@inactive•@state•@•idata•@not•@shown•j•D•@And•C•@it

was•@reported•@t“ñhat•@the•@apparent“ñmolecular•@weight•@of•@•@IDH•|

II•@became•@larger•@with•@the•@loss•@of•@enzymatic•@a•fctivity

when•@the•@buffer•@containing•@50•@mM•@NaCl•@was•@used•@for•@gel

filtration•@than•@when•@O•D5•@M•@NaCl•@was•@used•@instead•@of•@50

rnM•@•m601•D•@Furthermore•C•@excessive•@tailing•@on•@the•@band

stained•@•@specifically•@for•@IDH•Eˆê1•H•@•iFig•B•@5A•C•@lane•@•@6•j•@was

observed•D•@•@•@•@These•@results•@suggest•@that“ñ•@an•@•@appropriate

concentration•@of•@salts•@was•@necessary•@to•@form•@the•@compact

and•@•@highly•@•@active•@conformat“ñion•@of•@IDH•|II•D•@•@•@Such•@•@the

conformation•@may•@be•@that•@much•@more•@hydrophobic•@residues

are•@exposed•@to•@the•@molecular•@surface•@in•@the•@presence•@of

salt•C•@or•@negative•@charges•@of•@external•@hydrophilic•@resi•|

dues•@are•@screened•@by•@monovalent•@cations•C•@to•@become•@more

hydrophobic•@nature•D•@Some•@enzymes•@of•@tricarboxylic•@acid

cycƒ†e•@•@were•@suggested•@to•@looseƒ†y•@bind•@to•@an•@inner•@•@memb•|

rane•@of•@mitochondria•@•m65•|66•n•D•@IDH•|II•@may•@also•@bind

reversibly•@to•@an•@inner•@membrane•@of•@the•@bacterium•@with

hydrophobic•@interaction•@enhanced•@by•@salts•D•@Ochiai•@gt

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@33
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al•D•@reported•@that•@IDH•|1•@and•@ˆêII•@were•@slightly•@and•@great•|

ly•C•@respectivelyr•@activated•@by•@NaCl•@or•@KCI•@•m47•n•D•@Com•|

pared•@with•@the•@above•@results•C•@the•@study•@using•@the•@puri•|

fied•@•@preparations•@of•@t“ñhe•@isozymes•@showed•@•@t“ñhat•@•@optimal

concentrations•@of•@monovalent•@cations•C•@and•@alsor•@the

extent•@of•@activation•@of•@IDH•|II•@were•@rather•@low•@•iFig•D•@13•j

•ii6•D5•|fold•@at•@300•@mM•@NaCl•@and•@20•|fold•@at•@1•D2•@M•@KCI•@in

•m47•nr•@•@whiƒ†e•@l•D7•|fold•@at•@200•@mM•@NaCl•@and•@400•@mM•@•@KCl•@•@in

this•@study•j•D•@This•@discrepancy•@seems•@to•@be•@partly•@due

t“ñ•Z•@•@the•@difference•@in•@the•@purity•@of•@•@IDHˆê•H1•D•@•@•@However•C

the•@most•@crucial•@factor•@may•@be•@derived•@from•@difference

in•@the•@experimental•@conditions•@employed•D•@Ochiai•@gLt•@gˆê•CIL•D

•m47•n•@examined•@the•@salt•|dependency•@of•@the•@isozymes•@dia•|

lyzed•@for•@2•@h•@against•@the•@buffer•@omitting•@salt•D•@As

described•@in•@•m47•n•C•@more•@prolonged•@dialysis•@than•@2•@h•@in

such•@a•@condition•@induced•@the•@irreversible•@inactivation

of•@these•@isozymes•D•@•@Furthermore•C•@•HDH•|II•@was•@found•@to•@be

inactivated•@reversibly•@even•@within•@2•@h•@of•@the•@dialysis•D

Accordingƒ†y•C•@I•@examined•@the•@salt•|dependency•@with•@t“ñhe•@en•|

zyme•@dissolved•@in•@phosphate•@buffer•@containing•@250•@mM

NaCl•C•@although•@2•D5•@mM•@NaCl•@was•@carring•@originally•@in•@the

solution•D•@•@•@Thus•C•@previous•@results•@may•@reflect“ñ•@the•@•@ef•|

fects•@•@of•@•@salts•@on•@the•@reactivation•@•@of•@•@IDHˆê•H•H•D•@•@•@•@The

int“ñracelƒ†ular•@•@concentrations•@of•@NaCl•@and•@KCI•@of•@•@Vibrio

ABE•|i•@were•@recently•@estimated•@to•@be•@in•@a•@range•@of•@16•|68

mM•@for•@NaCl•@and•@377•|675•@rntvl•@for•@KCI•@•mi5•n•D•@The•@latter

value•@is•@in•@agreement•@wit“ñh•@an•@optimum•@concentratiOn•@•@for

IDH•|IX•D•@1DHˆê1r•@found•@to•@be•@more•@adaptive•@than•@IDH•|r•@in

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@34

5•C•D

•E—H‚µb•à•`•E•æ•ˆ‚²•u•D‹—•D•D•`•¡‡`Œû”ö•o•DŒ]“ñ•v•w•E•C

F

•D1•w“å“åŒœ•wèi“ï“å“åèiiŒœ—…“å“å

•A

ƒh‡j’˜•D

•Dp•D‘w•E•p•`

•@•u•H

•u—XŒx•E
••wŠW“Ö‚Ø‰ç

ŽO•¥ŠÉ“ï



”nˆê
`‚ä•Q•D•D

•y•Ç–¤’M‡h

‘w‘¸ƒq‰\•p•[ƒZi

•[•[•[•[•vŽmfˆê•fˆê•I•|L•D•|•D•|5“ÜFF•c‰m•p

saiinary•@profile•D

•@•@•@•@•@Many•@reports•@have•@been•@published•@on•@the•@existence

of•@various•@isozymes•@in•@prokaryotes•@differing•@from•@one

anot“ñher•@in•@their•@localizat“ñions•@•m67•n•C•@physiological•@•@role

•m68•n•C•@or•@substrate•@speciflcity•@•m69•n•D•@One•@of•@the•@unique

features•@of•@the•@NADP•{ˆêIDH•@isozymes•@of•@Y•|lt•Ix•Fˆê2•Dgbrio•@ABE•f1•@is

that•@•@the•@isozymes•@accomplish•@apparently•@ident“ñical•@•@fun•|

ction•@and•@coexist•@in•@cytoplasm•D•@Under•@such•@a•@circum•|

stance•C•@the•@two•@IDHs•@would•@compete•@for•@a•@common•@sub•|

strate•@and•@cofactor•D•@Thus•C•@it•@is•@important•@to•@know

exact•@values•@of•@thelr•@kinetic•@and•@thermodynamic•@parame•|

t“ñers•@•@for•@understanding•@their•@physiological•@roles•@•@in•@•@a

given•@environmental•@condition•D•@The•@•ISltg•@values•@of•@IDH•|II

for•@substrate•@and•@cofactor•@were•@lower•@than•@that•@of•@IDH•|I

at•@any•@temperature•@•iFig•D•@13•j•C•@indicating•@that“ñ•@•HDH•|II•@has

higher•@enzyme•|substrate•@affinity•@than•@IDH•|I•@does•D•@The

maxirnurn•@velocities•@were•@always•@lower•@in•@IDH•|1•@than•@IDH•|

II•@•iFig•D•@14•j•C•@in•@additionr•@the•@910•@value•@of•@IDH•|1•@was

increased•@•@below•@•@200C•@•iFig•D•@14•C•@Table•@•@V•H1•j•B•@•@•@As•@•@the

resultst•@the•@Ymax•^1Lt•@values•@were•@higher•@in•@IDH•|II•@than

in•@ZDH•|1•@under•@the•@permissive•@temperature•@range•@for•@the

growth•@o•@f•@Y•|ll•D1•Hgl•Dgbrio•@ABE•|1•@•iTable•@VIX•j•C•@and•@the•@fact•@that

the•@lower•@•f”‚?‚•‚•‚…‚’‚•‚”‚•‚’‚…•C•@the•@larger•@iLmax•^1S•Ig•@value•@was

observedr•@suggests•@that•@temperature•@compensatlon•@was

predominant•@in•@IDHˆê•H•H•@t“ñhan•@in•@IDHˆê•E1•C•@consequently•@IDH•EˆêII

is•@•@concƒ†uded•@•@a•@favorable•@isozyme•@in•@•@low•@•@temperature•D

At•@•@low•@substrate•@concentrationr•@t“ñhe•@relative•@•@contribu•|

tions•@of•@the•@isozymes•@will•@depend•@upon•@the•@Ymax•^ISIB

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@35

”’”’•c“åâÖ“ñ“ñ“ñ“ñ•D1“å“å—…1“åŒœ‘ËŽO“ñ“å“å•A—£“ñ“ñ“å•§•D1“åi“å“å“ï•—•f

•D•Ï
ƒŒ•u

i•gri•F•f

li•f•@•hiˆê•F11

1•„•Ci•C•v•D

•f•@Hr’¨

–°ŠÜŽO•ÉŽOŽO•m•C•D—ƒ•e•D

1

•@•@•@•@•@•@•@•@•@•@–`•@•@•@•@•@•@•@•@•@•@ˆê•@•@•C•O•@•@•@•@•@‚°•@•@•@•@ƒh•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•E•|•Eäw•|•I‡d•|•C•¡•D•@•E•D‹¥•@•@4•FP•`‚¤
•D•D•C•ˆ‡k“ñ••‹â•uƒCŒƒ•cƒÅ•E•|‡eˆê•D•••Ç•D—V‰VŽ[

•D‚µ

‚µ
h

•@•@•@•@•@•@•@•@ƒˆˆêˆê•D

U1‚µh‚²‚×•E•D•D•E•g•cˆêƒg•••fr•çˆê“ø”x‚²•v•c•GŽô•E’O–Ú•Dfr‡`•D•g•F

•E‡kˆø•D‘w•¥•D‹‡Œ—ŒÅ•à•DŒÄ•E‚Ú•E•A•A3•C0ˆè•D•C‘Ï•D•|•A‹s•C“¼•J•A•eŽO•E•F

‹¿–Å–ø•v‰a•pŠ]“åŒO“å•`••
•@•@

@•@

@•@

@•@

@•@

@•@

@•@

@•@

@•@

@•@

@•@
]p—Ù•@

•D“ï•D•bƒ]•C‘U‚°•@•@•@•@•@•AŠã

‡f•v•D•A•¡•|š ˜Q•E•D•f

’šƒÃâ|



ratios•@of•@the•@two•@isozymes•@•m42•n•D•@Therefore•C•@assuming

the•@•@cellular•@•@content“ñs•@•@for•@the•@two•@•@IDH•@•@isozymes•@•@are

equal•C•@the•@relative•@ratio•@of•@contribution•@of•@the•@IDH•|II
•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@š}

to•@an•@oxidative•@decarboxylation•@of•@isocitrate•@is•@three

and•@fifteen•@times•@higher•@than•@that•@of•@IDH•|r•@at•@tempera•|

ture•@of•@200•@and•@50C•C•@respectively•D•@Moreover•C•@the•@ratio

could•@be•@expected•@to•@increase•@practically•@because•@much

rnore•@level•@of•@IDH•|rl•@was•@observed•@in•@the•@cells•@•m70•n•D

Analysis•@of•@the•@thermodynamic•@activation•@parameters•@of

the•@IDH•@isozymes•@were•@consistent•@with•@the•@above•@conclu•|

sions•@speculated•@from•@the•@kinetic•@parameters•D•@Hocha•|

chka•@proposed•@that•@in•@the•@strategies•@of•@biochemical

adaptation•@to•@low•@temperature•@of•@enzymes•@were•@included

an•@acquisition•@of•@a•@direct•@IS•Itg•|ternperature•@relationship

as•@shown•@in•@Fig•D•@13•@and•@the•@reduction•@of•@4•ILtf•@value•@which

include•@AHSand•@ASf•@in•@itself•@•m37•n•D•@Judged•@from•@the

above•@conclusion•@together•@with•@the•@results•@of•@the•@therˆêˆê

most“ñabilities•@of•@the•@t•Gwo•@IDH•@isozymes•@•iFig•D•@12•j•C•@•@IDH•|II

is•@undoubtZy•@a•@much•@more•@adapted•@to•@low•@temperature•@and

serves•@as•@a•@princ•@ipal•@catalyst•@Lt•@•nLitygvo•D•@On•@the•@other

hand•C•@IDH•|1•@seems•@to•@be•@a•@rnesophilic•@enzyme•@and•@scarece•|

ly•@contribute•@to•@the•@oxidative•@decarboxylation•@of•@iso•|

citrate•D

•@•@•@•@•@Many•@investigators•@suggested•@that•@isozyme•@systems

are•@used•@in•@compensating•@for•@the•@depressant•@effects•@of

decreased•@•@thermal•@energy•@in•@ectot“ñhermic•@organisms•@•@•m37•Eˆê

41•n•D•@Different•@mechanisrns•@are•@contained•@in•@the•@compen•|

sation•D•@For•@example•C•@the•@•hon•|off•h•@synthesis•@of•@unique

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@36

•@•@•@•@•@•@ts

ˆê‰ñ”’”’ˆê”’èi“ñ“ñ•E“å“ñŽO–¶“å‹E1Œœ“ñ“ñŽO“ñ“å•C •Dˆé“å•wi–|ŽOŽO–|

•A•D’q•D•Mä‡•Ctˆê•w•P•E•A•D•D

ƒp•E•E•Cr•u•fŽOŽO•C•[ƒ••D•E•u•C–n•DŒP•E•D‡d•@•@•@•h•D•D•Vˆê•D•@•@•@•@•@•@•D•Dƒ„•D•@•D•D•|•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•C•@•@•@•@•v

•E•D1•A•D——•x•úƒm•A

•œ

•Dˆê•••u™è

•@••ˆê•¨•’
”ã•Dˆé•f

•@•@•@•@•@•z•DŠš•D•D
•@•@

@•@
@ˆê‚¬ˆê

•@•@•@•@•@•@•@•A•@•@•@•@Žb

91ˆô

‚ç•E

ˆê•D

?•@•@•D•D•D•E•ßƒgˆê•u••
‡_‰M•D•Ò•E•u•u•x

t•D

•DƒC–Q•c¿‹Á•§•p•cƒg‹`
ƒp•x

•P”XŒq“å—ê•÷•@•D•D•““ï‰Ú’c
•@•@•f•@•@•@•@•@•@•@•@‰³•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•A•D•A•x•u•@•@•@•@•@•@•@•@•@7

•D•k•D˜K˜K

ˆÆŒœé°“å“ï
ƒ[•[Œí•D•EŠ¥



ˆê–ôi”’•¡ˆê•Q

•@•@—H

•DP
•@•u•@•@•@ˆêˆê’š

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@ƒ••@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@ƒ†
•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•D•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@ƒjŠÀ•¡•¡•¡ˆê–ô•¡Œ—•¡•¡•¡•¡•¡•¡“µ

•uriF•|•@1•Cˆê•pfˆêˆê

•A
•@•@•@•@•@•c

isozymic•@forms•@•m39•n•C•@relative•@changes•@in•@specific•@iso•|

zyme•@members•@of•@a•@complex•@isozyme•@systern•@•m40•n•C•@and•@the

dependence•@•@on•@altered•@kinet“ñic•@•@characteristics•@•@without
•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@‚µ

changes•@of•@amounts•@of•@variants•@•m41•n•D•@In•@the•@case•@of

Vibrio•@ABE•|1•@IDH•@isozymes•C•@the•@level•@of•@1DH•|1•@was•@tempe•|

rature•|independent•C•@while•@that•@of•@IDH•|II•@increased•@with

elevating•@•@growth•@•@t•Femperat“ñure•@•mOchiai•@•@T•D•C•@•@unpublished

data•n•D•@If•@one•@suppose•@from•@this•@result•C•@the•@IDH•@iso•|

zymes•@was•@seems•@to•@belong•@the•@isozyme•@system•@of•@the

second•@of•@the•@above•@three•@mechanisms•D•@Howeverr•@most

data•@obtained•@in•@this•@study•@indicate•@that•@rDH•|1•@is

comparable•@with•@mesophilic•@counterpart•C•@and•@1•@failed•@to

find•@any•@superiorlty•@of•@IDHˆê1•@on•@kinetic•@and•@thermo•|

dynamic•@traits•@to•@IDH•|II•@below•@and•@even•@above•@t“ñhe•@•@maxi•|

mum•@g•@r•@owth•@t•@emperature•@o•@f•@Ydlr•I2U•Cgb•@r•@i•@o•@ABE•|1•D•@I•@DH•|1•@may•@be

an•@•hintruder•h•@in•@the•@process•@of•@evoiution•@of•@this•@bacte•|

rium•D•@This•@idea•@is•@supported•@by•@the•@observation•@that

the•@growth•@rate•@of•@a•@defective•@mutant•@in•@IDH•|1•C•@YF•|83•C

was•@essentially•@the•@same•@as•@parental•@strain•@at•@any

temperature•@and•@growth•@media•@•m72•n•D•@rvloreover•C•@no•@exam•|

ples•@like•@the•@IDH•@isozyme•@of•@YLIt•D•I2U•Csb•@2r•@io•@ABE•|1•@were•@found•@in

any•@other•@isozyme•@syst“ñems•@so•@far•@as•@I•@know•D•@•@•@1•C•@•@there•|

fore•C•@conclude•@that•@Vibrio•@ABE•|1•@IDH•@isozymes•@are•@the

instance•@to•@be•@quit“ñe•@novel•E

37

“ñ“ñ“å“ñ—Û“Z“åŒœ“ñ“ñtt“å–|•f“å–|ŒœŒœ“ï“åKi•^•^•^•Cgllllli•Cilllll•^k•Ei•Ei•Di•E•E•D



‘Ë•Óˆêv•E
—H•¡•¡—H—H—HL—H—H•¡•¡Œ—•¡—H—H•¡—HŒ—ˆêˆê—H•¡i—H—H—H—HŠšii—H‰A

–ª1Š™

•C

ŠY
‹`

–ÚN•Fˆêˆê•D

1•n•f

’ÓƒW

‘¸

‚µ

ŠØ“ï

PART•@I•@I

•A

•v

“åèiŽOŽOŽOŽO‘Ë
•@•@•@•@ISLt•D

‰eã’•@•Dtt•D•E•Y

ŒdŽOŽO
—HŒÎ•F•^••‰R‘hã•’p•D•E

•j•I

•@•@•@•|hM•@•@•@•AŠà•E•D•D
•|‹¸•@•@•@–¨

•@•@•@•D—Ú•@•@•@•D“a•@•@‹Þ“å•@•@•E“c‰€•G•@•@•E•fŒê•A

•g•C“å
•@•@•|—…•@•@•@ŒªŽ¥

ˆê•A



ˆêJJ•D•@JeJJˆêˆê•Dˆê•D•Dˆê•Dˆêr•D•@•D

•†“õ••ˆê“ñf7ƒS•[•CA

•c‚µˆêŠì•‚‚¶ˆê•F•uˆê•¹ˆê•|•[•[Ž|Ž|•[•[•[•[•m

SUMbvfARY

•e

•@•@•@•@•@Syntheti•Ec•@oligonucleotide•@probes•@designed•@accqrding

to•@the•@NH2•|terminal•@amino•@acid•@sequences•@of•@the•@proteins

were•@used•@to•@identify•@and•@isolat“ñe•@the•@genes•@encoding•@the

two•@distinct•@forms•@of•@NADP•{ˆêspecific•@isocitrate•@dehydro•|

genase•@•mIDH•F•@EC•@1•D1•D1•D42•n•@from•@an•@obligately•@psychrophi•|

lic•@marine•@bacterium•C•@Vibrio•@sp•D•@strain•@ABE•|1•D•@A•@com•|

P•Ýrison•@of•@the•@rest“ñriction•@maps•@of•@DNAs•@cloned•@from•@Vib•|

rio•@ABE•|i•@genomlc•@library•@revealed•@that•@the•@genes•@were

tandemly•@located•@in•@order•@of•@2•|gtgl•••Id•|1•@gene•@•icoding•@for•@a

dimeric•@isozyme•@with•@mesophilic•@in•@naturet•@IDH•|1•j

preceded•@by•@icd•|r1•@gene•@•icoding•@for•@a•@monomeric•@isozyme

with•@psychrophilic•@in•@nature•C•@rDH•|II•j•D•@The•@open•@read•|

ing•@frames•@of•@ˆêil•|c•Dˆêdˆê•Fˆêˆê1•|1•D•@and•@iLgtd•••Id•|1•@contained•@2•C226•@and•@1•C245

base•@pairst•@respectively•D•@The•@rnolecular•@weights•@calcu•|

lated•@from•@the•@deduced•@arnino•@acid•@sequences•@were•@45•C013

for•@IDHˆê•H•@and•@80•C493•@for•@IDH•|II•C•@which•@were•@•@essentially

the•@same•@as•@the•@values•@previously•@estimated•@wit“ñh•@the•@IDH

isozyme•@•@proteins•E•@•@•@Amino•@acid•@composit“ñions•@•@calculated

from•@deduced•@primary•@struct“ñures•@of•@the•@two•@IDH•@•@isozymes

were•@consistent•@with•@the•@respect“ñive•@amino•@acid•@•@composi•|

tions•@•@Obt“ñained•@by•@chemical•@analysis•@of•@•@proteins•D•@•@•@No

significant•@hornology•@was•@found•@between•@the•@•Damino•@acid

sequences•@of•@IDH•|1•@and•@ˆêII•C•@in•@addition•C•@no•@repeated

sequence•@•@in•@•@IDH•|1•H•@was•@detected•@by•@•@harplot•@•@analysis•D

These•@suggest•@that•@the•@isozymes•@originated•@from•@the

different•@primitive•@ancestor•C•@or•@evolved•@from•@a•@cornmon

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@39

Š•’ÄŒœ•‚‹É•‹

•eŠà•DŠš

•c“å
Dèi•E•C

•@•@”¯Š—•@•@•‚

•DŠd

²ˆêŒq
“åŒœ

•@•A•@•@Š{‹™•E•@•D“å



•p

”n•u

‹c•Dbˆê•u7•|•[ƒh•[•D•Fr•G‹§’“

ˆê•F•[•[L•[•[˜WŽ|Ž|•¤

•|ˆê
•vˆê

•b

••

•f•v1

•¡1

‰\

•m•u

•D•D•@eˆê•D

ancestor•@but•@diverged•@in•@extremely•@early•@stage•@from•@each

other•C•@•@and•@that“ñ•@IDH•BII•@was•@not•@a•@product•@as•@the•@•@result

of•@the•@gene•@duplication•@of•@a•@putative•@genetic•@unit•D
•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•C

Homology•@search•@using•@database•@showed•@that•@IDH•|1•H•@shared

none•@of•@ot“ñher•@proteins•C•@on•@the•@other•@hand•C•@IDH•|I•@•@shared

a•@73•D8•@g•@horn•@o•@l•@o•@g•@y•@w•@i•@t•@h•@E•@s•@qh•|e•|r•DVt•@h•@i•@a•@ggt141•@i•@I•@D•@H•D•@I•@n•@a•@d•@d•@i•|

tionr•@there•@was•@a•@homologous•@region•@between•@IDH•|1•@and

isopropylmalate•@•@dehydrogenase•@from•@•@Thermus•@•@•c•…ƒ†’Ä•ßL•º’U’U•f

which•@also•@showed•@a•@faint•@homology•@with•@a•@part•@of•@IDH•|

II•D•@The•@adenine•@plus•@thimine•@content•@of•@the•@coding

region•@and•@that•@of•@the•@third•@letter•@of•@codons•@was•@61•D6•@g

and•@74•D7•@90•@for•@IDH•|1•C•@and•@was•@60•D3•@06•@and•@74•D8•@˜U•@for•@•HDH•|

II•C•@respectively•D

40

ˆê

ƒŒˆê‹••D

•„

•D01
•A

•D‚¢

•¥•@•D•x‚Ì˜e•D

•|•E‚Ü“}•D’@•I

—Ù‘h‹a‘•ŒœŽ¿”JŠ••v‹©•A•C•Š•m•R•w‰r‹¿•w•¹”ô•½‹˜•u—x–ô˜I—ê‹­••

ƒ„•@•D

P

‡h•@•@•D
•©•D

•C

•f•D

w•÷•@•D‚¤

‰„•fƒ„•@Œî•EƒÕ•f•G•D•A–ì•@•g•D•Cƒs

•¥•u

•@•@•@•@•E‚°•@•šŽiƒ[•DŠ¨•¹•D•E•D•@•@•@•@•@•@•@•…•D•w“j•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@‚Ö•@•@•@•@•@•@ƒ}‚Ù•@•@•@•@•@•A“ñ•D•D•‘–m•@•@•@•@•tu‰e•D•x•@‘¦“ïŠõˆø•æ”Áå­“å—Ø•}”Á•á–\—”‘ë•D•@•@•@•@•B•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•D•p•D•Ab•x•••E•x‚¦•D˜CU•gƒh•@•A•@•@•@‚Ð•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@ƒj•@•@•@•@•A•c•E•Î–©•A•@‘l•D•E•v‰íƒU“hŠÞ•`•D

•m•@‡j–üŒA’Z”ã‹˜•A•u•Dƒhƒd‡h‚²•D•u•@šæ‚Ã•D•@•„•cèûŒyf“Á

•b

•f

•y•DƒÅ•C•D‹á‡j•E•E•D•fƒq
•A•u•D•A—«

•D•f•@•@•@ƒU•C•e•@•h–Ú•m‡`•Eƒh•A•w•E‚Ö‚è‘w•gY•D•@•@•D

‹Ž•E•@•v•u•J•E•A”ª•w‡e—H•@•E•g•gƒh•f•E•E”Ž•D•••u•çŽŽ•A•DŒ|•A•E•Dƒh‡h“Ä•D•@‰S’ú•D

•D•D•v‡d‰•ˆêŒ¿‚¿ƒˆ
•o‰••D•D•EŠM•A‚Ø•f

•@•@•u

•g

‰\

•e“\

ˆê5

•@”l•gr—õ”Z‰ù“û‰º•@Ÿ·‰w—N”š•@•@Šã”K“dŒP•D•DƒU—¤•@•D•DŠ™•D•f•@•Cƒ{•C•D•Œ•@•Eˆê•D‹s••‘Àƒn•Ar–m‘öáÎ3•A•C•C•E•E•••E•o•A9•AˆêŒÄˆêŠš•A‰ð–Ù•æ

—î—wŒ«‰c•AŠã•ÁˆÔ•@•@•@•@•@•@•@•@•c•@•@•D”Z•x‹µ’LˆéŒí”Ë”Š•@•@•@‰T•¾—”•u•@•@•D•—’@•@•@•@•u•@ŠØ•§•AŠÝ
ã‚–ÖŽ¯•D—î•Q•x•@•@—U



•ˆ‚µ

•[•[•[•v–L

E

•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@•@INTRODUCTrON

•@•@•@•@•@Recent•@advances•@in•@molecular•@biological•@techniques

have•@•@pOrovided•@•@the•@new•@concepts•@and•@•@met“ñhods•@•@for•@•@the
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