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‘Pabinas of glacose potakelim tn noeral Hver

Qua of the many s0d vested metiboTtc Pussttons of Tiver £ 438

cantrel of ghucose mebabobixn via glyeslysts, Flvecmsogonaris, glyco-
emasts and glyengensiuis, | Aitaoagh glyalysis vonurs tn aluost *

415 tiames, glecomsogenssis s Testrietod So cariain oxzane vich a8
2aver 378 ¥idoay cartan, ks e Tiver 55 o mch Jarger than 08
idney cortex, i sorvas o8 tbn satn sence of glicos during starva-

Ston, o Wien covbolydrates are adsent from the dat.

Tha first step Savalved in the matabolim of giucose § Ahe

‘phospberslation ot ghicos to glucose-6-gssshate, This 5395 45
“irtaslly trrererarhte (5, ¥ 63,000 o a catalyaed 1y atther g1

coidnase a bexskizase, The Maverss step or dephosphoiyiabion

anctics ks catalyaed by s dffesant earyme, Glucsse-b-phoaphatase.

e lucons-S-pnorgtate s Cormet sorves a3 3 comesd 3t -
em sten & methes of pathuays diverge o cewerge (Slg. 11}, Fon
Fig. 1.2 2 oen b seen st ghicase6-phocshati (367) oan uescumverar
5o glucoso-l-phomphute (617) aIth the €4 of Semepleglucombase,
Shmsase-1,6-i sphate heing & macssary enfastar Sh tria resstiin.
s or giysogen spne
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setpisezensae o
hich sz resgorsisla for 3o coverstin of GHP 2o SrghamdrgTiconsta
n8 sbvalnio-S-peotphcts raspectitely, | Klue, 067 may b sowried 2o 5,
Sructone-E-glivsptata [FOE) 4n the presence of Phoophchezose facoerace -1
o't notaboloed via the Ssbesnieyachor mptamy.  Gullhs otbet mad,
6P sy be ayrbestiad Drm mon-casbotiras sturaus Tia tha glucates-

gaihe petitnay s fron glmegsn during Eycagmolyats.  Te Ioxd steps

<, bath thase putiamys Suvsims the cemvarsion of FAP 4o 6 ant G s0

€62, both af siich zve oxcalyved Gy e sarn enzpmes thst ers Twwolvad
3n the veverse veactions, navoly Phosphobenoss Ssamersce wnd Prossio~
uuocmntass, rospentively.

he tisate properston of 64° seachelisnd via these Terlots
Petbrays a6 2L 22 $he 2u% of these Yarious patimrs Vil depecd on
 susbar o fachans, el 23 tho distaty siate of o antual, W marie
a1 cxpecitaas of 1o eotguss, ooseasteations of dstepsatizten and
Tartons Tastors thah vay afZact the RISy of Shase cotymed.

orts sy etamo aat v Eebeitend vie seazste satelte st
satatolic pethvays, uany of the reactions involved in the myihesis azd [ o

ot Gnesse wn srwed. Tor Sastane Seem B, 1. 1o ds s
hat the resctians citalyaod by sidalase, Shosshakesonn Sionirage, trioer
‘Shosghate Ladoerase, giycerdldebyi-3-phosplstd Solgdragensss, I-ghassho-
discercse idases, ghosphoglycescates it ezolsne sfa comEn o Bt

yostyssa ani glucdmscgmenis. O the othes haad, as Santionsd fee-
lousty, the pomptoniatien of Ficess to glwose-boshosthate ool a  f
seraras resotion axe catalyaed by e tasadt anspees, | Sisbiaely, th .

comresiion of Tridtede-Siphosmbath vo Zructesa-1,b-dishoesiiige and vice
“earit aes”binn oxtalyesd by b GLfferantnzyes. « Phosshatructokinizs
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converts ths fruntose-b-phosphate b frutese-1,6-lighosghsts, This
Teaction prodosinates during glycolysis and 1s thermofynaniesily int-
ciretion (5, = 200, Ton sevese gl repeen,

tha comargion of fravtoce-,6-81ohosphato S fractoss-&-pheoshate, 13
oasalyzod by Sructoss-L,6-tiphosphatase (Qenort, 2543},  Aaother

i
|
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T L
camvarsian of phespho-sndl-prruvata () o Frrevate an Vi) yurss.
#has glyectyats wevails, 2P 48 uataly comarted do mwAte Tl the
pprvats kinase Tessiion. The equilbefm of this Tesctim be Men o,
shows Yo favasr the cooversien of FEP and MDP to gyrmrete snd ITF

(aguata ana Witer, 1959). :

Duntzg glmscusogensets, FIP s ot aymhesiaed by o prossse 47

Saveling the Tevarse of $his reestion et vie eiomsstete 4 the
Swesacn of FEP<careidrase md pruvate cactoslase (Joter amt Feas,
396 and ster gt 21, 196k).  Hovever, Seratdon amk Tetor L1966} heve
pofstod oct ket the mexiaal catalytic capocisies of liver FEvIte
basoylass and FEP-carboiciaise are alwost 10761 less than Sie Parts

21 aapaotiy of pymuvate Kinass. | Ths vekd ent 4n fhe 2P -
Sarnan et glasoosopsnsets batng recanmartad beck ta pyvevat; md
hasce the pathies voild be sbost cireulted; 1f she yrvata s
ety wurs o odulated by sme ot rows tn glscomesi” Ty,
Inasiad Mstte stubies s revealod ont it donsse s, iafe
autertc Wsbtos with sespest to fha mbitrain T2, Ax thet

Hinsties amo ubanond by allesterte 3hibiters ruch aa AP st henipe

et shssised . aehivaters sush s ructose-L G-diphessiate, {5 lag

e e s o sty of s o et
1p yivo by Tesdbook Inbikition and fesdfarvard actiyation of thgpe ffac-

a2, 9, (Fos J“L-uns P
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the itdbtden-on gyravate kinsav see yaa 19 1

(&) Combrud of gavcelyeis i slwvmesrzonsty

+ Tta mzymes that atalyse méireotimal Tesctions hava baen
Srutsoated 58 playisg 4 vfor Tole in the cowirl o dhe flixes of €
Detiuays of glacose matabolisn 3t prritalarly i glycolytic @d gl

sezsogenic onea {Krebe, 195k sl Trsiba ot £, 296).

Sechuorsars, 4z e slyeolytts sod glicmsopests fias ar
atfaotod 7 chengo 1 e appuest cemoRBErsti o sogas st entac
"0 Yaese vndtsusticanl raacbicns, heso mazenn dave often W cead
oy ety e, Vith the exoeption of baxdiaass, 1 tasee
[ ——v e N
mter glasenesgests caslitions such 83 SHAEtLon, Siabetas s on

tha Teweas of s
carbaxylase, fructosa-l,5-d1pbosphatasa and glucose-6-phasphatase have
besn fourd %o tnermsse (Ashsore g8 sl.,195%, Yobsr ot &, 1961, Shrago.
% 51,2563, Senizg g a1.,1963 0d Yote g s, 196540, G ths athar
b, vhan suingls are’fad an diats Tich In cashoydrates, o o daslin
sistalstration, the astivities of the ey Glysolytie snsyans, sich %«
Syrevats kgnene, hosphofretkduass atd glssokiasks, Socease  (Rabs.
- Rgglaston, 1965, Twmabe e al, F967a and Reber £d Sizgbel, 2005).

The Stniieg that TP-cnbecyitons! ) grrevate pasbeylase frictose—
1,6-dphorphntase and glucoss-6-phosphatse 1l tnorease under glucenec-
unlo conibions, s thet fsealin suppesces the abtiiey of oL these
giscomogtnic auiyes and esbmates e Vay glycotyiis upas, led Veber
21, (29655 558 ) to postalate that the symthants fi s11 4h0 oy pirve-
e s stz by com e ot ik iz




013 are vufratied by ansther operim s tha MYEICHionAl o000 B &

reriass o tu st o e o 5 1 o
te,  Rouovesly $tT)ena gb gh. (1969) huve o that both tas ghieoess <
S shosgtatass und prrsvate Mumad Tovals vars ossidesably Slovéied,
st 2t v fad o3 diste rich n glycaral snd Trucien, 45 Fivcse-

G-prosphatase L9  key gliconsogentc enayme axd pyPuIe kinasa 3 kay
aipeolyiis ans, these Cindiags do not sgres with the Smcticanl geme
it concept of ¥her gb 1. (1965 and ¢}, Thein authars tho

suggosted shat tt ualetion of the Tevels of the bey Glpeolytin wd °
Stuconmogen.: enyos ave coxtroTled by ot ane W By Andepentint
geres.  Snch a mode of regwlation would have the added adzantege of |

‘Being mars Tersatile. o

e, S, thse msbors sggeted a2t s i
1
\
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15 tho actimistas of these kay glyostyvio 2 giveeogenic
smeyaes are a2s0 eZfecied seripronly by s petmter, By
“hnastes bave baen Sorsulased on the Toglsidon of thede patimae b
“hosa metatoldtos, By cosceleting the remlts betnof Sron Kicktte E
i oher 1n yitro siudtes of the mopertias of Una ki geslytis Kt
Ruoamogsnic rogulsbury onasss, $6 bas besn fond K4S thase axe. .
directly ov tadirectly sifoctad by various masleoticas (rwholue and . :*
Covers, 1967). Ao e, (2P/KTP saeto Tuflacts b Snesey SSatas;of 56
o1, vhen ehts mss 12 high (the B laved w11 b0 Tov unt such
conditions), ona 11 amprct Gluocmaogeciy Tethar than piyedyes o

fredd,  4s sho\tn Fic, 1.3, AT 0 tho autatyste for prruy cirt
beylase o Shia flasae AL b astive. A5 She AT/ resiie

ratiects other mictaottds rattos) tha CI9/0D8 satfa VLl also barolova-

Sed, OTP Lo tha sabstrate for PR.casborpinase, the secimd liecsec
sente sy, Fana sysuvela il be converted o PAF vle sraloucetate. -
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P2 3 5o prevaated from betng shintod bisk Sxto yTITAta, b PYvAte
Ytnase 1o nhIvited by high MTR/ADF xatlos. Ferthemcrs, ax bhe NP
evel 44 Jow, Trectoss diphosphciase WXL b, sctive ag 16 T not Ye
Anhibited by AP (Takets and Pogorl, A965, Undorwood and Mawsholes, 1965
antl Porkiemoll i al., 1968). On the cther hand, he Phosphofructo-
Kinces WAIL b dopwassed, FIrstly beomse AP NebLts 13 encye, A
4 saoondly bacriss She AP dewl Ly Tow and casot clleviats'the IHbkcE
' AP (Laguer 8% g3, 1969, Beock, 1965).  During poriod of acttve
glyolyais, the ATF/ADP ratio vill be lov and the A% level will be.

levated, Undor sich oonditiom, e control mechanism tadiated vy
“hass mgestides WAIL Sa reverssd, T glycalyido snermes, pyretete
Kinaso snd ghosshetTuctadinmse W11 be activstad vress the oy glo-
naogenta ensyees, Pyruvate caromylase, PER-oarbaxykinass gud frictose-d,
6+ iphosphatase viil be d-pr«s“k )

avar ot gl. (1966) bave prososed a iheory wherey she giycolytis,
and Sascnsogerto fhuss ars cantralled & fres fabty auid levela.
During sharvation snd dlavesas, the froe Loty netd levels rise consider-.

aly.  Fhess onhance glucaneaetiests by Snklbiting the key glyeolytls

eneymes gliasicinase, phosphelractorinass and pyrvwte Mnsse.  Furthen
: nore, octanoate bas teen aund Ky thesa subkers to atfect pyrvabs bise
© i msch o vy that the vy can be dnkibited Sy Lie oun eubstrate, EP. ©

O S e ——
i h oter b, e free Etty askds 4 vt affoct the acviity of e
Ve placonsogents enczaes, glssose—bphortatise an, Sructcss-L,6-dipbne,
[ A ——e R
samtmissng wa .
rzenne wd Sis Dreving the dtversghn ot glucase-6-rbate ot

. the poriioso phesphuts patiay.




The ‘sotivivies of tbbse oy Elyoalytds and ghuconeogenic s, 1
e 165 be molated by various intorsadistes Sf bhe trisaryoie

2014 oycla and Latty sold metabolim.  Idke She fras Labty selds, Hoas
‘makanatiton ara o1 end profscts of glascss Hotebalisn mnd can podilete < - f
the atlvtty o8 the various engees throagh feetiack conbrol mechontems,
Eorever, s e synthests and breskdom of these Satersediates e
controlled by factors thab canral She fluzes ot ouly of tha pathwiye Tl
et thay osonr bt other gativiage aa vk, the oantrel of the £lite

of 311 those pathueys aro olovely related (Fig. Lb}.

Durlag glscomsopmests, the long chetn Serty acyl Oof wnd asetr:
o Gevel aro alevated. Gy Seiisting seatyl Gok cerberyiass (Sorse ]
. Tynas, 1961) syruvate dehydvesenass s eivate sythelsse
(aiand and otes, 1963 o Fieland, 1965, thosn elevated Zavty 0erh ,
09 258 etz Goh derivetives WL provent acetyl Goh baiog utiised
for tathy acts aynthesia.  They ¥i1L cxuss a Todustion 0 the wumh
o pyrte boiag xbEISaad via the triomboylie xc4d orele wd decreans
ssteatochondessl clizate synheds. . Iuisg stesvation, the Aty
of citeate Iyase, vaien Slesws sitrite to Gixisssetsts st acod ok,
16 also considaradly reduced (Spencer and Lowenstetr; 286€ wd Tovemstotn,
1966y, s, dogetir vith s decreased Lrositrats dbisignads -
sctivits w11 reslt fn sccumlabion of extrediochondrial sitrate.
Mish axbrcstboohantetad citsate Jowls yiIl 1Abit ombatralsoiinast
it sccteete st aapbaiom (amststos’ nd Sovrs, 1967), % Towrie

sion!” ) Shosshayustotnare will sestit dn decressad TIF evels,  Thus

Flosa-1,6-diphusphatass will e settvated nd potivatioa of pyrovate
L, sase <

iistaod vy 572 wild bel provemiod. Prewvate kino i3 hou
Andivited i high citrate levels (eber, 1969), This tabibition of

S )
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Frrivita inase, ogatber with tha activatim of pyrivAYE ovrbaylase
oy b doety Gok dévels WELL enaure the divesetan of prrvviGs fnke
‘B Glusonecgeniy yabivay..  gatn, undes ghyouiyiio seodtiioms, tbess
sontzs neshanLis AT nab e offactive wa regulaticn w11 be reveroed
in Saveis of glyvolyats.
; 5

2. giscoss metinerden of hepstoms d

Drder sertstn préholopiea) conélttons, derangeaant 30 gluwons
metabotion s ofben acconpanted 1 shanges 1n the £l of tase eguler
ry amamsn.  For nstance, in disbates, tho Iuy glwencogants
emaynes, of the Tiver ars slevatad, whureas in bopatonss, o sstivities
o ths Yy gluconsogenic ouns are deurasad end Sha key glrcdhytis mes
a0 tncreased (Yubes 3¢ sl 1665 and Wober, 1966),  Howerer, itk
o egulatory enayoms of normsl 1ver celly, thoss of Umeur calls 1oso
thatr rosponsiveness to mitettiosal and hermonal regulsticos (9uda st sl
2566). - Sude g g1, (1966) bave shavn tht Somiinase, FyruTate Kioass
snd Phospharustokinase astivities ressta clevated in twour boaring
coabotic sats Wheraax Hhe glucose—b-phauthatess sctivitys bich Sroresses

coneidoratly in nopmsl Slabetts Tats, Fetns wisltersd Ln tungur besriny
wats.

Canter cells were originally charaaterized s baving high glyoo-
Qytie activities vith lmpaired vespiration, Thess cells \are thovght
o obtatn nost of their. esangy via ghycalyeta (Harberg gt sl 1524 ent
sarburg, 1956},

The inicotsction by Norrts (1963, 1966) of fuious Iima of, dife
Thsedts gooithy Tate has Sactlitetod cospuratiie stues b bo sarrisd
ot Vherely changes at the nolacular Tovel: can b porrolated with the
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Geowth Tabe of Gidde vmours.  Horphologieslly, the lose of degree of
22garantiation can b correluted wikh the grovsh rate, I-fhat cedis

o $101-grovink beputonas rescaile Liver paranciynal ool sbereas the
Cestogrovine anas e posely diffarentiated (Horrta, 1563 and 1566,
Fne o8 52, 2589 end 2970),

A close correlatien has alss Seon S babuwen She gravth até
o tapstisan sod Yt glycalytho capolty. The slck-groring, Mghld-
itfurenitalod ones diapbay dow Taies of glyoslysie. Teis finding s
contrary o tha porwler concept. of kigh glycelyite capectties of sencer
cella.  On the ofhar ind, vhe fasi-geoddog, prorly-differestisted
hepetanas have Ligh glyealybte capeelties stetier to thosa visaged by
Fartusy (feber anmd Tea, 1966, Adsenfery sod Norsls, 1961, Diek gt .,
1967, To gt 51, 2969 and Bin g8 a1, 1962).

By correlating 412 bhe availadle dave, Weber g g, (396L) and .
Hobar (1966) have show that @ delinite metabolio pattern provatls du :
cancer calls, Toa sythotic pathways of caTholydrate and Lipld metabos

Y5k decresse with dncrensed groekh e and Soss of disterentisidon of

tho o ool beveas e eiabalto onas facrnsn.  On fhs otter hand,

440 cutabolda patinys of wotetn ana mucleik actd metaboldon descise
Droprentsosly vith dnccessed grovih Tate vhezass the SymthatAd onis

snoresse.

The abave canvspt Bas beon Yorified with the glucuss setabolising
pativags o hepstonss,  Clycdlysis (estabolic prthay of gluesse) | .

tnoreuses vith ineveastng @ovth rat

. This 55 sccampanded vy fnczeased
Iactata Tonmation. - Farthsrsore, inoreassd glyosiysts is'Slso reflacted

10 4o Snorensed bexevinnss, phosphofructolkdiiase and pyTvwate kinsss .
lavels of bepatomas, - Another degradative patiway that ia mhited, ie




g p
kS Frite Gduyrogenasa ves found 6 ta olovated.  On the othar Nand, .o |

- a- i
‘ e pintove shisphata pitivay, vheve the sstivity of ghossSpbss
Suetmeogestats dacraases with insreasiog growth sabe of Hppetiams.

Tho Gaciesse of ginoonsogenesta 18 attrthuted to the desreased activity |
d of ey glucconogentc anzymas, gluosa-S-phosphatess, fructese dlphes= . -
Shatese, PENcorboHiNase st pyRuvids macbugisse.  Tisss Sectosde ‘
with nazessed grovts zate of the bepatans, " Glyecgen depositien elsd }
e 2 St e, 3 o ey b st 50 o |
|

decrensed phosphoglusomutice activity, The Michaelia constant of thix

smd grackelingsa also Gosvenss with Inerssand growth Tate, RN

ho Sinding Sheb a1l tho ker Piyoelyo suvhan occests ud the
supileey giacimeogenic smes dpcrosss, uhersas Soe Sifumctionsl oras,
enain enaltered denis furbber support to the functbandl Wt concspt
Froposcd by Yeber 2t . (1965,b 0a 9 .

Votabouse (1965) has atesiimiod the Ior glyoolyid astivity of
slou-grosing hepatosse £0 tha Loy hexokinase sstivity In Vhees cells,
#or 1t was found that in slow-groving, bignly-differeniiated hepatomas, ',
’ woth the hexokingse and gigeolytle activities are low. In ths faste “
. routng, pocsty-ditterentiated hopetonss, the hexokinase et glyselyidc
. sbas ara tnoressed,  Purbhasmese; 4ke low glyaslybe actdvity Somd L
* She Slon-groving, Wighly-2isfosanbisted bapatanas could be.dnarussd by ‘

sditton of purktiod bexskinase b homogenates of Shase ceils.

To g8 a3 (1968) have Lrplicated pyruvate kinsse a9 playing &

Eajer vle dn the' oghteol of the glyeelysia. ' These msthors pofnted

cat thab the Pastaur affect (opdatien-of (lyoolysis by reoptratian)
v




can 3Ly bo abribtad to te transphatphoryLabing Geelytic snapas,
3-phosphoglycsiuce ¥inass md pyruvate kinase sompoting ¥ith e sespiseidy
systen for AP,  In fast-growing, poorly-diffeventlated hepatomar, i
rosplratéen 35 Iow and glyeolysie L high, . In the preseuse uf FUF,

Uhgse s o that, ipclate am dactatn prodn crented
Sharmas sospiration £ respirutony shosshorylabion remsised lov.  Fro

thase tisttogs, thay oonsiuded that mesk of tha ATF proeed 1 v :
Siveolyets, asd heb vhe Ssansposphorylting ausyaes compate scess-

sy

lowvgroring, highlyifferentiatsd bapstoms, the Teverse s found to
e trus, nately that 1o U prsenss of FO7, Lactate proction wd
Sivsciyets 13 Lo vish nest o th TP etog prodesed via sespiratory
‘phospharyletion, As fhe 3-phosphoglyverste kinass activity does nob

the wealc respiratory systen far DF,  On the other hand, tn

vary with grouth Tate and daditfarentiation of Umour colls, wberuar
both the pyravate kinace and the giyeslybia/raspirstiry ckivities do,

26 was concludd et of tho tuo teanephoeBOTyLabng erawes, FyTEats
\tanse piays S0 najor role In e contrsl of glyesiysis wd thn Pstair
attact. o slas-proving, ghly-diFtucwntsstod bopabos, e e
pyeerits kinass aobieity is lov, hs respirstecy systen will preferenitally
St11tse tha ADP and glycolysis vEDL be decruszed,  On tha obtey fand, a8

the pyruvate btcosa lovel 16 bigh i poorly-differmiisted bepatosa, the

0P w11 b prafuremtalty ubilised via glyeclysia.

3. Glusess wetabolian of regemarating Mver
tiough the glucons matatolien of regenersting Liver rosenbles

that of hapatanas in that giyoclyols 1s enhaond, % differs Ixdn 8, 1n

thst glaconsagensets resitns unsiterad in refanerasing Tiver and dose not



Gscrasse (uber, 1965).

Sude gt g1 (2966) have shown that the sotivities of tha key
dyoatytte anmes, glsskiras
kinase of raganersting itver tneresns snd Teadh a mesisex lavel witiin

Fhasphofrstokinase and pyruvate

a wesl, after viich, theil acivity detresses o & narnal levals Ae
these changes were found by thesa authors %o persist after prodifeation
¥a& stappad, 4 vas canvluded that ttmsa chenges ave ot dub 4o proli
Soratten bt dun to the imaturity of ths mysben,

‘Gaucose mxtamiien of fostal liver

4555 the came of ropprazsting Mver, e glucess sessbeldin of
bapatosas elso resemiiles Uist of footal Tiver fn car respects. Tn
botis hepatone am fostal Jmer, Flyoclyels is bigh, T fostel Tiver, |
glycalysis decreases with maturaticn of the fostus, wheress in bopas
omat, qyoclysis dncreaes vith Lncrvase growth rate and dedtITeréhti-
Stlan, Just ax the change fn ghycolytss sotivity n hepatomas bas
a Dortiy ertributed to shangos n the flux of the Yoy ghicoss
métavolising anapmes (eter, 1566), ohanges in gismore sevebolism dn
Zoatal 2vars ave asuoclated Wit the appsarance of sectatn enen
a2 changos 1 tho lovels and forms of others vith sateratin of s
fortus (Suroh ot el., 1963, Burch, 1965, Puudtng sed Colacel, 1968,

Sor tastante, the tnereate of glycogen oynbhests n Soetal Tver

of gutnos pi snd ret at tha end of gostation has baen associated st
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he daszeased devols of URo-ghycagen Srammqiucoaylass, CORS-mrrorhons
Shorzaase, oot dectsesed pluooss-é-phaspiiets dubyirogonaie activity.

g deaseasa of glupass-6-phosphate Cabyirogensse setintty WY prevett
mocae <-phasghate being proferentislly otidiied via Shn pentose phos-
raste potiivey rather Shen thi ane oma (Bellard and  034ver, 1963,
Fornfeld and Srown, 1562, Jacquot and Eratcmer, Eéh end Buoh t g1,y
1963).  Purtbermare, the absenve of Elmm-&ﬂhﬂlpﬁlﬁu aotivity in
seonetd) Divors of gutnes pig ant rate VILL prevent OGP being cinied
o2 to glacoes tn tuane apecien (Bueh, I565),  Oluosse-beghosphuteas
astiv15y hus Bovever been raperted 40 e R dn Cobtel ivers of
ehasp, menkays ant benans (Auricchio and ApiIlo, 1960, Sllard and
ahtver, 1565 and Dusktns, 2563).

The noreased glycogen degradstion et oosirs fnmediately after
Dirth bas slso bean aitetouted 1o elsvatad Flycogan ghosphcyisse
scitvity in nemated L47ers of gutoss pige and rats (Buneh, 1565,
Korntold asd Brvws, 1962, Jastiot md Exetolmer, 196K). 3

Tessense of glyeciveta amd SrsTeass o8 plueoneoguuats Mudisly
astor birth 5 seflected by the dasressod hezonusa, Fyrevate Yioass sod
‘phosphotructackiase activities amd 4 inorease of the glucoss-6-plosprac
tase, fructoss dsphosiiitass end pyvvate carbuylass sstivities (Barch
o 11 2963, Turol, 1965, alker, 1965, Duielza, 1966, Setahas 2t
1970). “Parthasmore, giaodkinase vhASh 15 sbeaus (e asi-groning Tot
hepstonss (Vatrsouss, 1966) La also dbasst fram focted Maers and ten
only ba dstacied 2 fev daye after birth. Tus ampeszamcs of Shis crayis

121 onehle the Jovex do camy oxt et of $08 pafer S, yomiy
e sogilation of bloof glucosy levads, T lacresss of glwokinase

# arivity vith nsterstion 1a scconpantad by & decresse of hexohinase
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activity (islies, 3965),  Fartberswro, Sata ot g1, (1965) have.houm
ist toe glusdinase an haxckinase Lecsaryee pabters of Tab festsl Hven
5 wisilar to that of the alow- , Horris hepatomas.. Ancthor bo
ncymas that vary WAth neteratian, sre lactate defydrosonsse sk o -gly-
ceralghotphate deltydrogonase,  Ta va fostal lver, the latate dark
Srogenase/ -slycerolshacpiate dshydrogenase setivity Tatio is spprie
axcly 15, 3 dags before birth, Ta oo born rate, 1t s b snd fa sdadt

iver, s #atio 1 1.6, This Tatlo Is also Kgh in caicerous Hme
(urch gt g1, 1563). Tom bigh sldotase FOF/FIP catto fowd hots 1n
‘hapatome amd foetus (21 % 5 day Tab Tosiue) ix consiztent wi's the

Iypotiesis that cancervws Hasue Teveris to 3n mature state.

5. Dstetded dnformation on specifis enuymes of carbohvdrate

stsbelis yhich show e slterstions $n hepatonss

() Curokiinss ent Eoiinag

Soth glucokinase and hexokinase catalyee the passphYlation

of gincoss Gn the Jvar, Hexckinne 2 wideiy distributed In Hames.

ard relatialy non-spesific. T fa a iigh afffaity for glucons. (Em0V
25%5) and 43 LoIbEted by bigh levwls of glucase-S-preciate, (So2e, 1965
a0t tler, 1565).  Thren Besokdncse Laounssres desigusted drpea T, T a0t )

IIT havs baen soperetad on JEAZ-calialose gnd by starch gul slectreghocasis

(rossterd o al., 1966 and Goscallen ot 2., 2967).  Alshough ald tires
binctsinase wpea heve been shom %o be prescot in ol Sisvues, bho fo~
parkion of teate three Lsomrmas Aiffer ih differest Heme t7pen (Gross"
ard gt gL, 1966, Eatown and Schiske, D965 e Gossbard and Skisls,

| 35867, " These thres hasckinase t7pen Kive bosa partially pLILed frem

2 e sy Cvnebad 4 Sebae (156) s S v, S o it

3



| 45 reglased by Yamvicizase, sn snwys Shb predeminsted 6 oom-glidne

a N 3

tsem.
0

onostats (2ase. tnd Yorss, 1967, Seblerald wnd Sorvavast, 2963, Kee-

‘abidn, 1567 ad Toyes gt g, 19663, Soscow ead Tacs (1968) bave fowd

b 350 Siacbin propanties of slsile ent toscluble hesokimase I fru

eacttes cxidp dutfee, parsioulasiy ¥ith Soest 0 ke o of TabSHen

7 androzlaciti--phorptate. i

andtaase s Soust anly tn Giwereogeni bisswe suh a8 Fiver, %
I kas @ bigh sibwtrate spectTselty for glocase a6 nansoss, & 157 EX
atrintiy for glocoss (£ u 0.1 - 0.0 ard ix ot taoiied by bish ghu- . ]
cese--phoaskate levals (Soln, 1965 snd Perry and Halier, 2966). . hs 410
cxtity $a mbject o Gistary asd Dermansl regilation, 56 tas e gt |
satad n pliging a majos rede 3 Hhe regslation of dood glscoss sad glyeo-
Ipsta.  Ses the Slood glucese szt aslin lewls ave Bigh, Ve sctiviy >
o this ensime 15 comsdarebly toeensed, . Thia and fhe Sach thet tho
anzyza ka5 bigh Mictesiis constont wiLL engile 15 to Tuncbion sest v,
e Voo ghscese Tuvels are tigh, iben ghuceuacgesesis prevaLis, ou6
anly w11 20 comenstration af Shis enyoe be Taduced beh fho Hgh " g
Hicheelis consbont w1l not per=lb it to function efficlently. N

n hepmtanss, glucdkinass cxmot b6 5duced Uy Teadiog aninila .,
dhbgdrate-rich atets & on dnwiin sbuislstratio,  Psthemors, 3t

o tiasue, Joutdl, end resmarebing livers. o bexdtness Tevels . n
bave, bouts Tor %o dnereate Vith Incieass Frowih rate wof deditfiren- - 7
‘Siation of bepatomay. | G the oter hanf, the plucdenase eotivity M.”\

- Y




“are

‘oem Zouid v0 b 2ov G aboent £rom békh Sost s shor-graving Fab
ot oty o
e G1scoktrane w2 b sane Lovels change vESh S8 et rafe
s bmpatonts, bub 50 doni She propEtacn of the thres berokinase
Asdensién.  In slov-graving, Mehly-difforemtictel Tat henatoris, He

Béptsamms (Notnhouse, 1965 and Statton ek 3., 1969).

uasiingsn abd Berckirass Sacesie pavtern 5a owd b0 be atailar
hat of moraml 1y, n s » gkt and thvea heigkinase oo
envans ax prosent (Shabbon et 1., 1967 and Sate et g 1589).
Bowever, 15 has bosm opurted that a these slvsgretag Mepatedas, 5o

lucoiasan Seoansyme doos nok seperata dnto & fast ant alow capment
ant ta6 bexkingse T1 s ove 037 than norasl Mves hoxdcinase T
(Sute st a1, 2969).  On e other hand, 42 Tastegrortog, Roesiy- -
iforominted beptonss, the glucodinsse Lsoensam 3 sbsens, 2he
setivity of bercdnass T 1s slevatod, vheross thas of baroktnase 11T
59 heruased i £ som nstanbes casnot be detactad st 45) (Su80 gt L.,
1965),  Tho tsappearance of hexecinase TIT has oen abtrituted do goré
smptossion o the profestance of baxsldnase T3 o gone defeeseion

in thnse opetans. : :

(ORI

2l
2 3indlax changs of wne fa of ;a encyme'far ove hat predatinatss
27 Fostal HHovos, Togaserating Lver 3nd aoo-ghusasegenic tasu as g0

o ropertes for alfolase. Phare zre thve distines aldolsses, nanely

t7mm 4, tams pracmizate 4% macle, foye 8, whish L3 found in Mier,
4559 0, that cosurs ¢n braln taste. " hasa tdrae Zoro cleass T3P 50
FIP a0 esztovent sates.  ancla t7pe 4 eléaves TOP 46 Fustar et thmm
12, piring o P/BT scttvity ratto of ovex $0.. Live¥ 770 B claares

200 o TIP o8 e s vate Syder' pastleniar S04 of mPATTvStal




cantttiong, glving ax sctivity ratto of aaltp. VTS irpe § sloitave,
&itivity Tatdes betwaen 5 and 10 ava boen reported (3lostein and Rutter,
1963, Sotapine ot g%, 1963, Sobapina ot sl 6w ster, WAL,
" aopastra e sl (1963) faund Bigh FOP/FIF dorieity ratiss that
reswbied thoae Towd tn muskle ank foetsd Jivers, in prinaty mmen ltver
Gancers g Tarsous et hapatases,  Thda Tiadies 16d bo thm suggiticn, thab

the guas vosprontble for syathesin of sMclane tyze A dn Tepressed fn i

ecrmad Jiver und dasepmessed i Dapstons.  Sisfiar zaralie b ot |
man v £ o gredation of Sransplaniasle <Eb hepaioas. | Tho'
Sxntegrovig, porsiy-aStterartiased huzatoass Tams Yegn foed o b
g sstivity retios af sppresialy 50 thit seswle hove of eels
ape & dciase. Ga ton cther hund, R o adevugeestag, gy
artereniistod et SR SeHTiy susion ot 3,006 sere Geichaed
Shat sggest e prosenca of ot slislese A snd Scase 3, Binse
Sruposai eve Sasm Terheind vafh Smelogteal and siestecphoraiic
Socsoiues {inishonse, 2966, Sughmma o i) 195 o Fatenshion st 51.r.
2965). ‘

Thet tho sldalasn praset 1n hopatanas 18 Leatiead with e Fuscls
lantoan A wep also venfiraed by the fimdtogs of Fewi
Grany gy £h. (1970) s0d Tivhara g8 2. (2970).  Tiwan subhors Semonstrar
id 42, cryoheliing @dolises doctated frus Teadiming Sareess, Eowinst

hapatosa snd Tab Bepatonas indecod Witk 31-0-DAZ, wers s11 idestdesl with

veisele aldolasa A bt diffared fran wwr aldeiast B, Those resesbled
hactass I itk reupast Lo Yoot TSchasiis consbaat Zor b EIE-sod i2,
e Y/ avtivity swite, LMo by HF, alectrosiivabla ST
dsoctctris Eractisashtcn prarids, Srmnalosiedd Teaponse, Saim
corpanition, trypods fingercick and Shetr resposse to cai¥orypeptitess




esgestion: Statiaty, ataushing g8 g1, (2568) ave shiom that dmm, W
Sacibsh Zomm bevitan bputena, Das th wete'amie seid Sevpustiibn W

“ypbts, izgerprints s tik of modls sidsless X, s

£} ' Reuctose:

b-diphosshetore

Sthongh the Tructoss dipbosshatess sctiTity haa Goen sdported by
o wad Horvks (1963) o b sbtent Tras fastegroutis, poosly-dio; %
Sevesniated begasams, Seto gt i,
s 10 0 essdorals Bk uasses sils, ;

Parttally purifisd Sructose-3,fudiphasybatase Sros aaoltes bawnr | .
e . ot frt 9 sl 5t it o S S
atghaipratase ith maspact so ita Mostds peoperties (Sato kad ekl
2968), Y Lo

@ prmovete s ) X . A

n ghucomacgents bissus such sy Liver, the pyruvate kinsse :
avtivtzy 35 subject o mvtritionnl s hormona) control, vbszas the”
vuste ass astiity of nonglacensogio tpeus, .. macle, fa 26
atfastad 1y any of hose ctors”isebs ant Baglectan, 2995, and Tavika
S8 53, 1618).  Ditteromen Sotmen Lines and mnela syate st
R e300 b s by s sbtins. Psbnern s oan b ond
£rom Tekle 1,1, gyruvate Minede Lsclated Sroa & varkaty of smtress. ek

a5 34 Liver apd imscls, Tethit muacls, sryiiwocyte, lewcoczta, sdipass
e, yoast 4xd babaria, soclact Eignbie propireies Siat sopee
sttber thd s o fha Torer e L

@ smsale e bype ¥ et Kinese
i > 3 : :
4 aak miscte pyrvate'Einase hos bosn crystaldised by Faiaks st al,

e -
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(2967a) a0 was Tonad o bavo & roRacuier elght of 250,000, Frax
Teble 11, 14 can e seen shat seltke Mver 0 L prevats Knssa,
79e T Tyt Manase Lo procipiteted o ¢ Bigher amaiiin sulphets
satursiion copsenceatica (50-168) Fus 4 skted from TEAT-selinious 2
@ Zomer ACL 2aval (0026 KGI).  I6 dleplayo Michaslis-Henten kinebiss

3

W Tospert 40 etther 412 or PEP and fue s low apparant, Michaelts
conotent for 752 of 7.5 x 107K, The wperent wichasits censtant far
108 smo found 0 to 2.7 x 1071,

Wen the mussle typa ¥ a5d Liver 475 T pyruvste kinavos were
aszayed under the osme ceatitions, Yhe musclo Freperation wat Less sus-
ceptitlo 4o etsber ATP or RO inkibitien,

A% {spperamt) for ATF of 3.5 z 16% and 5 X, (spparent) Zoe AB of
2.5 % 307 vare obtatned for msels pyravets Kinase, vterias the 2tvor
e T pyravate kinase vas foind 40 have 1n spparent Ky far ATP of 1,5 x
2071; end & % Cepparent) for 7 of 7.k = 307K

1) mt Ziver prrevase Knass

Fouw pyruvate Minsse Sectzpus have been Zogd b0 bo proseat 1
ot 2tver (feneka g3 a3., 1967a).  The to RaJe ons have Seen deig-
catad e T o T I and 50 o 7K IE (Sanska gt 8., 19678 and Susar
oot Qubter, 1968).  Hormal iver combains 6B.da type & and X188 Grpe ¥
(zonale #b a1, 2957a; Buc gt ok, 1966 asd Woter, 1968).

o 5t sy K 1o vty izkciontnd S variass iz
o s el el T, s, Ssta e, tntfion mesta
s Yssseyies (rots e 1. Athougs o e sl inshs 1
semctogteatly snétssbestssaia focshn el sy, Sher . Witer;
(2568} teve. sndteated that the elsstrophoritic sty [ -




—a-

u8cla bypes 1 myvivats Kinests dffer slightiy. | Also, Jinines Do
safia ¢t a1 {1972%) Lount that the Mver ang musels typss M pyruvate.
inases rdpponted Stefarantly %o verdota suino solds.  Whsras Liver
490  prjwveta Hiriese vao dnbibited by phonylalactue, almida,
‘rvostaa, torptophan, veline, preline md Yremise, muacls pe K .
syruvate kinse vas ishibited only by phecylolanios.  The ilostorts
Snhioition of msele 27e H prriate Musan by phenylalantne conid te

revarsad by alantas, serim and syatelsa (Rozensurt gt sl 1970,

i lad Tinfuos e Asta ot sl (19610) 4 posticlate thab ret tlasus .
Sontuing two foms oF e N Frravato kinases that display differsnt -
zopslatory properties. .

Viertas iy H Fyrvats Kinaso migrates towerds $ho cettods, e
L syvonse Kissan sigeates Socerds the anodn an siactrophrosts ind 1s
only rewtralized t - type T pyrovate kinase anbiseram (Teble 1.2). It
15 & romlatory svmme Cor 14a Lowd fhibbistes vith diet and 1o
etotut by oraanns e 4 el e gt shets of
L) 1967, Suda ot g1, 1966 and Votor, 1966).
Surttarmors, type I sorwvate kinase displays allesterso kinstion vith
cespach to 0P, indioating that the sotivity of the enmyme ean be s
Jated by tis substrata (Faneke b gk, 19675, Susor acd Rabtar, 1968,
Jonungust ek 3., 1969 exd Llovento b a1,y 1970}, Thia cobperativity
displaysd by type L pyrwvate Iinsse with espect 10 FEP csn hoyevar b
affectad ty vasioun offoctors, pich oo SDP. DR vas fowd o whirele

s oreyas, deasases tha Michislis constant for YEP fran 8.3 x 107 85 .
0,83 x 307 and, b0 ohangs the Kinetins frca migoldel o hypgyiclia,
Thix sctivation by IP 1o dopemient oa @ uber of Zavtors, suoh a5 tha
i, &%, 057, ") 40P and P2 Yewls (endhm g al. 96T, Resongurt .
o8 L., 1965, Suaor and Tustor, 1968, Teior and Satley, 1967, Seiloston

) .




The anzyun oG ald be sctivated by variews Hexose Dicaphatas

o 2 . g
Zrvstase-Icphosphate and $-sliosphoglucenaba, though Bigher congemtra-
+ioma of thess copounds ané requirad (Taylor wadt Bafley, 1961, Wever
88 .5 3967 nd Byglaston and Voods, 2570,

o the- ot hand, adenseine-5'-teiphosghate (UIF) i statne =
has bewn found to kit the emsyma allosterioatly, bhie maculitiog
o astivity ot only Uy LapLtdtbing dhe anayws bt aleo exhencing the
covparetdvivy of Grze T pyrivate kissse vith roapect to PP, This i
alostorte Lintittion of tye I pyruvats Fntss by slantse and 212 2k 2.

" bo rowrsed by FOP (sunsen gt sk, 1567 428 Lwente g8 1., 190,

5 3 Sr—
Lephosshate s nomganse phosshabe can slso parbially slleviate tae AT
Anbittacn (Gostor amt Miaman, I9T0).  Oghsx nasleotides, suoh us oyban
o1 Sriphosphata, gunasine trighosphate, wridtoe tripioephete, -
aton teighosshate end adenasine monophosghats alao {nhibly 2rer pTwvats
Kinase, nt thase aro not a9 potent a3 A2 (Wb, 1969). Fre Latty
setde, asetsl Do, cxalosmatata, olfate and Shaalext orilons Sk a5
Ca® and Cu” 4130 have an sxmibitory effoct n the Lever pyruvate kinate
Cober s al., 1968, teber, 1967 wd Jimbnex Do Asfa gt al., 270)

Fron Tale 1.1, 3t i3 sa0n that £ypoe 1 prruvate Kinase hov been
crystaziised by Tanaka 3t 45, (19672) and fount to bave & meleculor
Volght of 205,000, Tue snayme procipitates babvoen 25-U5K wamnim
ilphate sebiranion and 19 ebitod £ron, DEIB-oaTlulose ¥ith 9.1H X,
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3 MGLE 1.2 : DIEFERUT RESPONGES OF TYPES 3
1.om % Prvas K
Wy e T Ty M
@ sehiny Bigh OB dtats et | Regenaratiag Jver
ncrenses in atnisiatea | wnd e
Tat beprtouss
{a)  Electropho llgrates Lomarde Migrates towirds
uste sncdo i cathosa
) Dswslogiest .
Terpsess ;
1 Pussde gpro- | ot noutralazed Foutsaiase
eta Winkse
attgaran B
1 Tover e © | Hectradized Fot attactsa .
ate
Wnase st~
o) Htnaties vigh | Siguotast L mperbhuis
Tedpact ta P b .
@ e Aetivates, ‘iv?u‘“m- ¥ affect ”
Vo 12 dimaza B, Wl




6 ateptays KiohasltsHenten Kinatics vith reupecs 1o AL, 16 dnhibited
oy high Tovels cf ADF und buz an epparems Miohaelis omstant of 1 x 207
Zor 40P, Type . pyruvate kinave wao fomd by those autbors to dicRler
stgaotdel knetics with Tossect to PEP and to have 23 appavent Michaslis
congtant’ o2 8.3 x 107K for 2EP.

Susce and Rubtar (1963) bava ound Shat brpe L pyrvate Knasn
(Gawignated 77K B by toesn suibucs) may oxiet 1 o sbaton Whdeh diapiay
dittareat Minetdcs, The smettive fam of the scays diiplays afgacidil
aticn ih svaph bo P, b . bigh Yoz Fox P of 1.9 x 20 and
16 sanetiive o TIP activetion. The insensstive form of the enayme
tapiaye Michanlés Haraan Knetion with respoct o FEP, tan a Jav Ko g

oF 1.5 x 107 far 982 and i3 nob sctivated by P, The insausitive
2o of tho erayme ez also Found b b casbenth w sastidve to ATF
4rktbtLon when ceoparad 40 he semattive form.  The seusitive fomm of
i aneyas conld bn Gesensétdsed by storaps of the emyme at 20, Ao
“hre suthors faund o Gittarance 4n the elution rofiles fron Sephades
£-200 of munole pyruvate kinase,and tha sexsitiw and tasenstbire forms

af Ltvar prruvate Kinass, Uy ocluded thet thix Teriation n the swt-
Sty 58 nok due bo varyies dugreus of sésoctation and Wssoctitien ot

§ 82+ (4570) vure Bovevar hom Sha 44 cosmast

the ey, Woresta
Sisatten of Tivr pyruvate kinase ab 0-- 2% can be reverasd by preia-
ubeting tha sayse & 3°C.  Contrary to e above ffudings,Taneks et
. (25675} found shet the snme Joses, 1ta sasporstivity and Sebsitivity
0 07 activation vhen 4% fa pretacabmted st 31°C oot sob at O, Pur-
thaaore, Batlay et al. (1968) fomd that v prruvate inwse codld'be
dononetbived with organia selvent syl o8 ethansd and EiycErels

Bess and Kubehesh (1971) have suggosted thet these different forma

of Liver pyravite kinase may by dttrfiuted to dlrfirences in saturution




of tha entyma 4 TIP. Those sonclestens azs baed o the finding
thst 0 Trosh heaogenates of pig liver, & ectd tope pyrurate imass
biTing 25 develevtric point of PR 5.3 d MnALnE 2 nales EPP/ale prrues i
vate inasa pradsminates,  Diving priTicstion on trevbatdse of e

suryms, Shia prettnant form ia converted bo the iask, mere ATAi)

ty9e Which hss an feoslavicis potat of 6,1 wd dass act binddE, Te

ves tini suggested thut. daring purification or tocubstion, the IR
atiamatd ensyis Losas 148 S0P and severta Yo the FDB-free’foin,

(811) Bat bepatons prrurste ks
Wuareas §n norml 1ivor, tha 1 Isomnayme forms two-thirds of the
total prrunate Kiasse activity, it hapetonas, the  Asownises pradonie
Datas (fanska 9t ., 1567, Sude gt g1, 1966 and Weber, 1966).  Tho
propertion af e If type tacresses with increased growth rate I dos

diEfaandtation ot tho tumonr vberass that of the T type Secrersns
(Fartos ot a1, 1968 and Io b al., 1968). In this séspact pyrwvate
sinsas rasendles Gluociinss, I Hat the Tegulatory T bype prrcrats
lnase, a3 1a nder clevary end bormomal GoRtra, 1z replcet by the
¥ type, Sacenzyme, vhto predemnstes dn fostal and ejenerating Mver.

ey unlike bopatana aléolasd, Wiich 15 Aenbisal with the sscle
adolase 1390 & ihe typo X provvate Kinsas of Soslegroudig set bt 15
thonght S0 bo difrerent 20 the mscle 4P K dacansyms, B comlniton
12 basnd e the Tindines of Taylor st k. (1969) W shovad that B2LA veb
hepstons pymuvsts kinase han diftarent prcpertion o the macls type ¥
Sacnnrvma. A8 can be soen frum fable 13, the Begstows.snyme rusmmiles
prmovate inase soLated fron msclo ¥ith Tespect do ks Mahaslis con-
‘nt fom TER, Brpezkotte Kisstica) SSabl1tty Sn smontin sulphete and
DEesha st sl 0t et b, 4 et frn mscls

[
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20 It pyiwvate kinase wish reapost 4o $to stability,. slectropboretie
Hobiliny ant susceptiitlity To PR, 479 wa alanins iddbibica,

Furtihor proof that the hapatona tyge K pprTats Kinese 3 ot
‘bntical ¥ith macis type H myrraie Kinsse, vas chinined b Griss
(3969). "R wnploying & pE 45cslectrafotusing tevkriau, This axthos
o four gyrevate Kisane leotnryass i porsal Mo and slov-groviog,
ghly-aiftesentintod bopatosaz,  Hosever, in fasi-growdag, PO~
iffonentiaten Wpatonas, 11 Ao 4o tho aToremmntionad scentyase,
w1 extrs ooanayas having n Saoeloctrle peint of 7,28 vae fouml.  ds
s dgoensyun vas abawss frax repunerating end fostel Mrers, a5 oLk
a5 frus divers of dlabestc and fasted 2, % s omeluted that b
s & e 795 o pyrveta Winase 52t s probably Jdentioal with She
FpTas Kitase rvportod i TEHSr oF gl (1969).

Gx) padty mucle pravate Kidase

From Table 1,1, 48 can b seen that the shysienl end iuetde
FrapsTSien OF Tabhlt snd rat msols Pyruvite Kinste sre vary statlef,
ona sajor ditference batng that the Sperilie aotivity of ratbls sussls

" prvevate kirsse (240 - 2% G prossin) 1o over S St of xak \
mssls pruvate Kisese.

Hatiit masela pyrivate kiness has aleo beon cryotallived and has
Yoon found o Have & Rolacular weighb of spiraimstaly 217,000 (Tt
and Ochoa, 50 and Wormar, 1958). Tt bas a tetesorke stricture owe
stating of momscerio suvalts heving nolecule weights of 57,000, Theso
subunits egpar to be very shwilar (smmutz mﬂ Teal, ‘wsé)

che anagee, noquiess both K g & fox ssivivy. AR N

Tt ot 14" can pactAalRy roplace the sovdvacian vy ¥, viershn " md




5" (oo cad gt 2055, s, {5
- 9% dnd daen S, 1969),  On Hh oiber band, igh Javels of
& ot 15" 161G o ooryun, e Labibitson b nigh 1§ Joveds betog:

— atfeoted uy X" levels (elebtor, Y565).  The astusl mechaniem of achi:

B

vation iy thase Long sUATL remming to be slucliated.  From msgoatio

e enmansh studtes, Wiitran sut Ootn (2565) havs saggested that two roles- - ¢

o B ave bowd per sola of summe,  plchior (1965) ban proposed That

there sra tuo binding sftes for Posiviva ious and thab tha emyme is O

acti han the ane 1o oocapied y X', Roverer, vhoa both ax_ fugied:

by 5" an e € dona, the omagme Lo Jess mctiT or fnastives o ReEbLS

musole gyruvate kidsss in also inkivited by Ca° (Kachmar and Dayes,

. mstbernar, s ottt by 64 15 smpeieins gk

¥ (qwavan and Gotm, 1965). . ;
Susther kinstse studlen vith xabAt msclo pyrurate Mnsss Fave

: Sovealad thet, wrlike Lver 7o T prravate anse, 483 svayee $15playe.

ke idbasiia-tinten Kisstics ¥ith reupect Yo ADF #ld FT. Tha Michaslis

constante for ADP (3.0 - 3.6 % 100 ant 8P (7 2040 x 10T dwe

found 1o va Lndepentent, of the Tavel of thesr seccrd mbsirate (haypard

% s, 196Y, Miean apd Gotw, 1966 e Helasen, and Stovs, 2569). The

quentitativn veriation i the Mclaells samstant 43 B to Uhe Last

ehat thosa vore £0ind to SLEler n aifforent Wifer syvtans,  Holssen

W7y ama Starm (965) hews shasm Shat dn 2 ginyd-sireies iter, I 8.9 |

the Hlohsslie constamt for K0P (3.3 % 10°) and PSP (1k = 207 wers

Zouer then 4n Pras-HL wrfer, o 6.5, whers tho Hickaslie Eanytant for

i 0P aid PSR e 2okt o 59.8 % 2074 and 1.4 x 1070 remprttvely..

Th svidunoe gisseitad 7o tho kiaetie Stadiss, e the
Sflokalis constante for ADP and YEP vere fowid o b Lndependent dF Ve




ciobsatrabion, of €he second substests, Led %o the siggiRbion of s radom
svier ot ading of the sukstrates 3o the oname (eyoard of al., 961 ¢

i " and sdavan a6t Gon, 1965 and Aolasen and Stora, 1969, THLs ek
uwbatentiated with the equllibriwm binding studies of Bun.uﬂkn 8.
“13961) who shaved tht ADF and FEP could bind independently b the

B nayae - Purbhorwora,. Trom thees Yésults, thide subhors soncluted thet

€ o pinsghoryl group i srwistarred Strectly frén donor to aecaptor,
Produst Sabiuibor shudies evealed ATP o bu 3 capettiim tnktbiter of-
both AP sm PRP, ant pyruvate a capetitiva iombiler of FEP, Frok
4o randon ander of binding of the tuo substrates snd FEaict Suklviter
stuttos, 56 wea sugested thit tuuwe 15 & bloding vite for 408w ATE
and 2 oosnd site for FEP and pymwate (Reynard et al-, 1961 and Mildvan ()

and Gohm, 1966).  The eompatisive Tabktden of ATP With FEP vas yttri-
uted %0 e wrelan of the Vrawsterabie Phosphory Gy o KIF amd R,
{faynard gt gl., 1761).  On the othex hand, ATP and fyTwwate eve Mhotght
0 bind §n & preferred order with ATP bindng on £irst in'the Lick Teactien
apd comtag off ast Sn the forvard reaction (Hiidven and Gokm, 1968, "1

he fach, bat, adunsse mclactadas Hind matal 10u8 such 05 5",
‘ ', B et ou” (olchtor, 255k, Buxton, 3959, O'Sulbivan and Fesrin, s
1960, Sxiah and flberty, 1956 end Phillips, 1966) bas led o a rekeprei~
g 451 of She Minetts data tn tarms of euTlbrim consemiratians' of comgler
v st staple tonko spactos present in salutien (Helowtér, 19657, Ween i,
sndl 727 levels waze kept, oilint, & cloecorrelation vas foynd boteedon
the UgATP Tevela snd the rete of resclion, o selabionahip vas Coudl
batuesn the sata of seastion and the free 1" and AP leveds. thts
204 Felohdor (1965) to formilate thet HEADP rather Wish Mg or AP
parstctpates dn the sesction, | Siaiiasly, et gk sl (1982) hers




¥

* prruvate Yivess, 1ts activity 1e et Mgnificantly atfosted by PDP asd

184 Pioposod that HgADP sarvas a5 tha substrate, Fowsver; tha sugged
#ion thak the notal neslectida complex serves emsluesvely e substrate.

pen S0 uestion, fer results obtatred fron nagetie passnsens
' of, the 1n¥ actrvatod fyruvate Wasse are o sccard With zisdon

binti of msksl, ADP, HnADE acd PRF ta the onsyms.(HILdvan and Goka, .

25663,

€0 Rat Many provets tinsse B ]
Tudmy, lake Liver, wlse pliys a najor rela 4n Ehicouwogenei.

Gt xight expect this sname to reseable lives by L syruvata Kiasse,

Honsvax, Stnbre Do isfa (1975a) ound that of the o typon of

yrenate ktnase prosent in vat kiduey cartaz, th 1770 Hhe Drodomlsigtes,

viz. (D), resembles lver typs . prravate Wnase oy 4n thet 4 dlee
Playy’ allostortc Kinetica with Tespact to FEP,  Unlike livar typs T

AP, o S5 miguoidal kinetdos by p,  flthongh the e 1s dsbibited

W sdasine, ¥hls inniiivion oanot b0 Teversed by ¥0P, O the ofher
ez, $he minor Lssensime (PRTT) doss resenble’ the Liver isdevamm. .

(3 o kinase

M8ttt e erythrocyte pyrivate Kinase as the bame dlectro-
hacatic 3obility aa type 1 priuveta Minase and sesankles ra Lo brve.”
L byravato iinave with Taogest-to Lte sulusiltty 4y smns Sulphate, -
ilsbion profide fron US-cslluléoe and immmelogiéal rosponse) 3t Mffer
£54m 14 4n obher Taspecta {Kelor ot g, 19680, (able 2.1). y

The inetic pavasstars reported, for luman erythrocits FTuvete ‘




n éspect to FIP could be affected by FUP and ATP. ~ #DP achivatad the
emayre, Ghanged the kinetics from sigmétdal to Hyparbolic sheraas AP

1
b

| setmeen- e g0,

W

ilisan vaiy idely., < Bor Snatenco, Stasl gk i1, (1972) Lmund that the

T

eryironyts rsyme seberblad at 1ivus tybe T ppeuvato Keisis in Shat
Y4 damlagod Michaalts-Honten idsaticn vith respact tp AP asd sigmodil
tnmbtes with Teopost £ 7EP. Tttt « bigh Miokasklx comiant (6.3 %
10°) for 288 axd vus Snbibited by high Tewels of AP, The Mchisith
"-onitant for ADP wia founa to s 6,0 % 30T, Taxe Fat Bver L
prrerato Kinane, 4o sllosterte prepertdes daplayed by the wapas widh

inkibited tho ensyme sllestarioally, The enapus coild also ba’actives

tea oy

mnd tnorgante phosphute,

O tre ouher and, Campos ot 3. (1965) Sound that piTwvats

Kinase differed from rat lver pyruvate kinate In $hat 1t dtoplayed

ohsrlisonten Kinotics With respoct to PP, - Nowaver, Lt rossled

ratiirer t7ee & Frverate Kinesn t thut the Hiokaolds constent Sov AP,
e a.?.nam on the PP Towel.  Ssmilacly, $he Miohaslta numhnt sar
e du Zound 4o ba depandest on the ATP Jevels. .

Ut/ A thind bunan erythrocyte pyruvate, Kinase prepsrwidon fas bees
wiza iy Tosen gt gl (1968), bidh eosniled muscle and dnncadytn jrue
vate wisass, | Thte soagme aa scsivated oy K and st sgcusred 6T
‘Tar activity. Tk mossle pyrivate asso, 16 displayed Micbastis-
Henten lnetdas vith respect bo ADP end PEP and had & dow Uichaslid
conatant Tor PEP (.6 % 30°50). _Bvhermars, tha Mishaalts onitants
for ADP and PEP wors found to Ye indspendant of the concemtTatlm of

thety socond svbstrate,

Thase aubiors 21e6 fousd a lnear relablonship

#

3 \
A0, Tovl it tha prrwvate Kinsce astiiity) tnus conciuding: ¢ |
i



{ -2~

thst VGADP serves ap & mbstrate. The Michasdis constunt for KohDP

vas zomd'o ve 3.3 x 174,

Tosan o, 1. (2968) have suggested that oy dttfarances 4o e
nstio parsmetera of Shelr onayae PrEPTAtios ookl be due te m Siors
erryme werims o coifomatioml. fser,  Suh elactzoptoratic varlmits
e bosn roparted by Tomes (1968).  Purttermars, Steel Gasm0)
fave sagortod obtex wutants vifh @lCTaront Kizetis and electmophuretis

. rrosartiss.  Eouaver, tese Siffereocos nay partly be exlalned g tha
ecot fiating of Tosea ¢t 1. (1WTA), Thase suthors have showm buen
expitmocyie wTwate kisse to be plecnarphic, exlstizg I meno-, &<,
tri-, tetrne sl gataerio forms,  Thass forss Giaplay aifferant

et T ot et el depons n e
s o the e ek o i sontiticn of aslthon, Tor strans

e et fom 13 e S et n e, s 1.ttt
st e s1so fo rvin ottt el G eopuions s ©
et v 45 5 o 72 o T S & 20 n 0 ey
et vonticn it Sepac e 5P S, re ot aesed b
. i tetnas a9 st o S by e tn lho gl
s i omn b st S 445 efanase o sl 1

sclattons heving a 58 loss than 1.0 ar by Freincuhating vith TP, Sels
txtraric form doplays sigmoldad Kinebios, ok @ hghar K g far 227
(2% 20) unt 25 aotivatad by TP 4 duseric form vas fousd o Fre-
dentaato 4 drowtes of frash biood calle. Tn such preparaticas sk
5y 5 for PP and ng valee intersotdon conftiotont) e fomd tote |
deperdent. o the 4T Tev

Tarsh sb g1, (8678 2 ) bave shon thah et nyihwoyls By

wata Kinise Gops avt respend to dletary and barasnal chargay snd 1s ot



Setar Jenéocyte forvats Kindas Teseables misels pyTvGs Fiigs
with ze3pect Lo ita Salubility dn wmontm suiphate and TAE sdutien
sratile (fable 11 ). Tt displays MichaeMeHantan Mneises ¥t |

raspest b5 AP and ZBP. It bar @ dow Michaslis ponetant fo5 PP of

1.0 % 36 and 2 Miohaskis constent fox ATP of 178 x 10V Parthers

maro, the Hichaskis sonstents for ADF e PEF ov fowd %0 bé dndepa-.
ezt 57 tbe Jevel of e second wibsiwate.  (Ooipos 3y 3hs W5,
Koler s xl,, 1998 ase Boler gt al., 6. : B
(7333) Mipwse tizew provata kinasy

Tha Srocedare used for the puriial purATisation of Wl saaye
Teseiles that of mscls vith Testack vo s sulubLNey $0 wmoriin
sulghate @ sinticn Foetls from Tas-celisloss (Tatle 11 )

Seuever, 14 eosblss Tt Mo type T romuvate Mnase 35 thet 54
s found o axist 4n v Sabercomartisls forms (Rogann, 196%),  Tess
v baen Ghsiguated VK L and PR B, PSS & Saeemnien 2l sepaitive
Sarm of vat Lover 1570 1 gpvaats Minase, stsce 12 bis a Meh Mehaalls
canstant Tox P22 {6 x 107H) and exbinite coopurative Smtoractien with
cesgact b Tn, Y, A apt Mg, b 1e sl scrtvatad by WP
Sho othes and, FE 3 sesezblse muscle i the ingeattime 60a of 2al
v 1290 syrvats Kloasn for 54 bas » dow Wicharlte combtant Sor
220 (6.5 205, Atepdaye Yichanlis-tenten Liogtics ¥ith Sespact 4o %P
o35t st by TR, . Tt doas boseves xS coaparative mbe
estton it rosoct 20 ¥t JB, O ol




14 Liver type 1 prevvats iace, thate 26 fovie aro Anber-
conrtinle, Py B ean be owmverted 9 ByE A with EEA, AP or citrate
heraas TK & oan by convartid to MK Boith WP,  On the other e,
adiposs themue grrurate kinsss Hite

Srom iver ty7e T pimavate klose
0 bhat o ditforonce 16 found n the suscSPULLILty of B A mt BB
o JEP tanibivtin, 4 %y vadus fon MO of LI wap obtatned fo both
B A v B

Recamtiy hovever, Haron g8 &L {1971} hews fowd no quazititevs
itaresce in tha wllostertc reopmes of rat adtpote Momue pyesite
Finass, i spilta of ths oct theo they extractod the anip wder tie
cuns, condtsiens an did Pogson (96R).  Furthummces, these suthors
reported allosteris inbioteion of the sneymn by slintas tht eodd by |
rovrsed with FUF.  This iohibtsios by slemize could sleo b omter-
acted when assaying in iidssole butfor, i 7,0 tn the presetas Of 2t
VAP, “haress 42 <he Frosen of potessiun phosphute BALLSR, I s
NI 1ad no sffect o Uhis INNIbiton  Dfhe howes phasgBates sk

s 3 am

ructose-6-prosphate could wok sountaract $his inknitice: e ey
was diso {abibited by Senslalanine,
%) Zewsy pyruyets kinese
i

Fyruvate inase has aluo besn purtially puriiod £ros haber's end'
eaworts yeast (fmeloy ard Suslter, 1957 od Taschel gt al., 1968
(fable 1.1 ). Tou eveyes dadlsted from brower’s Fesss bas a specific
activity of M0 Dfog petetn sod 16 Rolsoidar VLGt vas satinated a3
‘ostag. 200,000 by gel fiitration (Riscked gt ., 1568) 20 261,000
ssdtmentetion shutios {Astéon and Peasoks, 19TL). " Thsse lavar authors




‘ - E
Stow that 1t chnaists of 8 suustts each Having & malecular weight of
2,000, Th olocular swight of teler's yeust pyruvate Kinase s
esbinaiod ¥ e 338,000 by Runsley and Susléer (1967) and detwoon,

60,000 - 364,000 by Fucsensit. anet Sualder (970).  Dsker's yesat
prata taese ha bien shom £ b u tetraner vith sach polyzesiid
o havizg o wiscular veight of k2,000 - 15,000, Toa sncme de
ocistes 4n tha presence of malaic auhydride or 6 puaidtne hydro-
silorida 0,19% Z-mercerpiosthandd’ (Kucsenslc and Suelter, 370N

Tom taatica of Sakerts s brevors Jeart pyrerate Kinase
eseabien xat Jiver type T pyraeata Yinasn ta et both Sapliy Ti6ach-
42 Weowiten with respect %o 727, The sigmoleal Knstion are cimverted
4o hyperialte ta the preseana of FOP, which activaten the sseym ant

Soms the Hichantis ccantant (foos 2

2565 ana sasley s Seelter,
969}, Tosst mrwvato Kinsss1s aloo activated alosterically by X',

A
thoka natal Lens won be ltered to hyprrvsiic 1o the Fesenco of P, .

The sigaotal Kinebios' obtelned vith respect Yo

However, ¥09 coly owevs the ppAvect MicbasTis constant byt dosa oot
atfech the moxtm velocidy {ihnsley end Sualter, 269 and Hacchel gt sl
1989).  dpast Zeom Sructose-L -diphorphete, only glacoss-1-phosphate’ .
ol stivate thia enayme.  Pructose-é-phosphate, Sractoss, giucdse-l,

. Eauooss-ina
slactoss-1,6-diphommiate bl 7o effect m the evepma,  Rbulessed,6-
tghusyhate ad o sl5ght. dnsbttory affect o the ensyma (Taeckel gt A1,
968),  On the ovmax hand, TP, cttrate, WADP'and Ga” inkibit the

ensjra ellosterically,  Greesine triphoaghate, Guaseste teishusthate, - |
Gridtza teishosphate, dnorine riphosphate, adencsina nenophoshate £lso
Solfust e exeym (sschel ob g, 1960).  Although bigh AP mid Ca”
Zovela dnhibit e swiymn, Lo levels of Yhaco catpounis cbivate ther




3%

e,
) Bavtertal prravets imes .
Ervevata Kinases dsclated Brom bustoria soseable Tat dives igin
L ieiveto in sany rovpesta,  Thy slao Gisplay wpentiis chdrsterda
s that difhax xith affFerent avteria.  Tur tnstance, o b of
Soovate Kinase have besz dacisied fron Zesheriobis eolt &, (inisersit
and Kormbarg, T569). Toe omn 75a, PAT Tosasblas tim senmiitre Liver
799 T acsnsyme 1n that ¢ exhibite siguoidel inabics vith rebpect © 37
o FEP thet om be transformet to Klsbaelis-Nanten kineties $a Jaa
Imeneose of TP, On the otbex hacd, POIY resembled the Snsapastive
Zorm of st Mver 479 L pyrurate kinase 1n thet 5t displays Hichaghle
Hentan Wsetics #ith respect, Yo PIP et sew nob stfootad by BT, T
contwest 4o prruvaia Winsses Ssolated from otler sy thet fron 5
SO0 B 5 not activatod by &' foms (et and Swmal, 1D, Tts
asays Bsplays sigaotdal Kivetios with respect o FRb. | UP-aniy
aotévatas e emyse by changing the modms volocity. . T oae 300
dicity of the Kinetica,  O-the otber tad, U7, vhich

eftost the
waz tound o AhInti yeash and miscle pyTYate Pinase, sabivates s

nayon. 3 decreases the Hichashto conntan. wet changes e lghoiel
inatten ¢ Hchaelis-fasten.  Fyrivide Kase Lrolated from Tuictiolt-
1us neupdittams wlso exhiMits acss dtstioative propertiss (Gomish and
aohzaor, 157Y,  Thta snayes displars sigAtel neties hat oo Yo
comori o Hypestalis  the presssca of *ibusa-S.gorhute G w0t
Fw. 0P s n0 sagest om e sme,  The wnapae e deosver sotiveien

by 2 and rstate s .
ints. | Tobarusdistes of the tricarbiuylie actd ozels, such oy suceinche
a0 Sumsiste alsb Skinth, e enayme.




. Come S

i Engyne ‘Stuftes cn humen ME“M N
Yoot of e stmidn on ghuices motaREG evipion oF hapatens ¥ 5.

218 ol Mvet ave s ssrvied out So ainals.  Svidtes m glicemny

metabolising srpaea in town hehiras wod 1vars Keve been spgzse.

This may partly be attributed to the limited availabiltty of sultyble.

T tman tsse 404 Hnitations svcountered wiheo varking ith sich Hasub.

Sucrons vith antasls, ava can be seleckive o8 FegeRs i age, 8 -

ot i petbolesys s Eurtharore, St viseaes sua be e sy

: diately after death, vich bomans, € type < mabertal dbtatoadErok

, atopstes s vartes and can onky.be obtained & few hours tver dssth,

Purtuerore, the Supply wight be iatted ant Sh tare way keve to be
dacp frozen. T spite of thes

shartcaxigs, S ot a1, (196) bivy -
show that the varistion obteinsd in he levels of glusose metabolising” =

a4 enayas of normal honan Tovero s SiElar t thet found ta vaté, ths <
wiidating the Use of euch materidl, Furthornora, thesa authors havo
i 2o st it th axception of Shosphofructektaase, the levls of She

mre Jabils enaymes saeh ¢ soglyveralghosphata debrdrogenase, glycer-

e Mnasd el -
Syrarate Kinase do not obanga n Hvers that havs been kant at 2476 for
6.5 bowfs, Tor do the davels of these onsymas changs when thay ra
stored 2b-20% for perfods of upto 2)-TL vesks.  Although the phesphios
troctaldnase activity was Toud o devreasd Constdaratly 1o Mvers kst

‘ # gt 242, the. Tovel of this sueyme doss notdorease further after

“gtarage at 20, i

The dovele of glucose setabalieisy asupmes prosent n imnan i
., 2ats Skgens wars found by Boxde sie Shonk (1566) 80 Y very sbuflar, the -
inly eropstita being Shat the dovels of wglyemelpkospiate daitrdra-
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sanase, glusose-6-phosphate delyrogaste ad frvetess-L, 6-Albosphar
‘tase were Bigher in Teb Yivars. On the obher hwid, the enolase
actavity was foud by Shen to be Bigher in buian han 1n 7at vers,
heraas hicoiinsse vas found 4 be Abment fron humen Mvars. Baraisa
ot this) thess mikors ovsparel the glyeolyhls sumyes pabterns of
prisary Do, cascers Vith thoss foud 1  gradabier of Sove and
fast-grovise, ret Wepatomss, Tk the'slow-groiicg, Tek bepkmas,
they Fomd tuat the ghucorinase @t phosphesTrctokiane Mbiritids of
Sthase prinacy tuaen hepmtames vere similar to Showe of nomal Mver.
©n 4he otber band, the uravete Kinesa levels fowst n tasss Rrisary
e hepatonas shood pestarns YAt ressabled Both Sbe alowe snd fast-
vouing £ bopeteas,  In acmo instasces, the Prruvete Kinase activi
ties were coasiderably Slavated, a3 in fast-groving rab hepatoma. Oa
ctter occastans, tha ScivEey of tils arayme wse atallar % both
conceroms axd nowmal humen Tivere {ef. slos-groving rat hepatanas).
Dihor ensyme astivitics, sich a5 She loveG-gleerslphoophate domrtroge:
nase, plosphogluceratens st Zructose-1,6-d braphatase shaved pabtesss
that resobiod fast-groving Tab hapatoras,  AleDongh the plucase--
shosplista deiydvogenaso devel ¥ay Tound iy Shess athors o e eLuher
zarme ox olovated 12 slow-groving st fasbegrowieg ab bopatiand, 35 |
vas or o Dormal 4 anan hapatones.  Tre thess data, TR0 miters
conclutad €zt thess prizary hepetonas conld At e divided Eimo distinct
Clasg09, $.6. Laste or Blov-growiag; ox e Sasts of thelx altered encyms

To  #hnof tbe prasent shuly

Ho Wibonersieal stody has Boen Sarriod out on priary I Hver
oancors ascept 4hat of Bacer and Shork (1766).  Teers 10 a Mgh'incidencs.
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o sty iox cansor mong the S of Arice, mxm.m,v [roers
hnss pantdont 5 Fagemsicuo, iy

T80, The pptholony and fon aebiclogy of s may val o dibEococt

%o that of hepatones cocurring in other Eeeprahieal Yoxlons.

© 2t thun it vortiubtta to Sreartizst Shasonrites of 26
Elucoss metabolising enspasd in these primary liver cancers, in ander

o doteratns how the pattara obtetnad would oonsurs ith thet ovtained

9,y Borar and Shonk (1986) and with that of transplakaia rat lspatoasa,

“he te Javsln of thesa eusyses I narcel Mowr ax: attected ty the
Sutitlonal, phyvtstagiesl and petiologiead Sontithons, 1me Jevels of
She casiues meseued in thens epstanss vere sempared Vith thets TerpaG
S nent btame. T s, o, thn onaywes were asbayed i nermal
st ana gotal desaes,

4o dtssasaat ahows, 4 the case of F, the chatton £ound 13

he lowls < sene snaymns may o Gus 2o differant typas:of smmes being

1o notdance 15 111200 (rasgdh> I

Proficed (e.5. herokimse s uvata Kinasa) in vhich case the sondttons

of Gasay xight vo Jonger bo LA, Tn oSher {nrtencas, thasgh thind)
Dt e say momwiraila SiSfecences 4n avayan lovola, tha foras <f His® ¢
onayme prodaced may vazy as fn the case o€ sMclase,  Far these resscs,
the emiyse Jevad astinstions were supplenented ¥ith exshiniticn of Ak
Asgensyme pattern.

Pyesists Hinusa bas been shawm 40 play en impartent sele 13itln
Uonirol of giyoolysia sad gluconcogensils and £ baye altused Broperties
Epyr—

anga, $oa. g Txvanes of s snzyme vers
etsaly smisses fron nomal b s mero s Bepetosas. The
Kostic propartios of thene vere siutied fn Grdar'to Jeteciion shther
0 b oo, the roqulatory FEogeries of Jovsr wyrifate kinwsa e .




Sltorsd. e moshento o ason o Soth gackryos sore Sdsed fn - o
. ot et Kl o Lo g sadien, oo s

2w alaG isolated from fostal Liver by using the exact progedure usad. *
; e 2 s repestton ot
Wt eniymn veA1A conpase it Whows of patens rreysla Misas.

¢ tastae rpmete Kioere 4n ondsr to an :
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~Javels 3t glucose metaboltzing entymes

T, Haterisls and Fathots

1 materias
(SR

Hoxmal s, bman 4o 1t bpatom<ontatatog 1dvers vers
Obatond fon antrtan tien 6 burs a3 doath, oo ptasme o |
Sepatana-oantatning Iiwrs was dlsseted, Thite ssshtans txab aprosred -
casceroia wto sepazated from Yhose $hat sppesced normal when examined
saceosaptonlly. e Laster voze desigraed Phost st

o tawan Toatal Hvors vero obbeined Fron chortad fostusss O
approxintaly 5 months sestation parted.

411 thesa vissmas were Keph frosen wt 20%0.

(v} Tementn

1. owstrates

e o1loviag reageate uere obistned from Blochenica Mehringers.

3 (2r0A) aml (%4) as e .
Arisodtum ssits; . phosphosnolzyrivate (PEP) es the onogcdtun sults
“oxalossitto acld; sdsaceine-5 -diphosphats (ADF) 33 the Wrisedium salt -
ant siénosine-5' righoaphate (MTF) as the dlsodtun site. The latter

e mudpetAand it R0, Jush watcre use, * Dlhyaresgacotons Shosshate

{PEA") vas obtelusd [y the dimsthyll ketalidicyoloenylamionitun sdXe, Tt

i e ron ipisrgsostnn iRfte et ptstonis
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T e katal proup sceerding %o tha matsuctions abtachsd'ts ths prepani-
7 .y tion.  Tiecanéntration was ben sstimated srafmatloally with s~
Faysorolphasihate dehyérogemate

Foom Sigas Coandnal G, 0 Tellprng rosgenta wore cipiineds-” L
fructose diphosphats (D) 2t the daolhm salts Tructose-L-phorstabe
} (37) '35 3ha disamium wat, rustoss-S-phosphate (FSF) a5 the warkin
. sat, Whaet vas sonverted to he. sodtim nild vISh sedtme ilphate; s
isosa-S.phongtcte (G6e) us G dleodim wlty piycersdieiyleie
Hhalpioric octd (6AP), wich wos nautsalised with W00, Just before
oy micotsnsmide adentne dimucleotida, oduced forw, Geei IIT, from

east, 3 the dlsodinn selt (WAIR) et nicotinmids adonine dtuslestida
‘phosphate fron yeast as Yo Aasedim salt (0P, ‘

Preuvic scid (petastiwn slb) vas prschased Trom Calbiochen and

Qayeanci-d-phossiuts {tcisotiun se1é) Svom Fisks wnd Duhs.  Sont
Flsees auin yes cvbaon Svn S e Frarmsontton). Company et §
dttiiotheettal (DFF) fron Calbfocton,  Gulles shandard yesgeits vskolond” |
J° -ohtatned rca BN and Hevck,  Thoso vere of Analar grads. '

Ta et e
Thens wers a1l cbbgined froce Plochentea Bishaingsy wnd fostited
ioosa-6-phosphate detyzogeive (OSFIR), eideleee, wirglierelfnachiate:
2ohptrogemase, dnglycercarsesphaie dehyprogemsss - rioseppuphste, koot

L A e
e et e it o o o -

genaan, - T anstetim ssaghate susponiclons of hodh enaues were dilited
it bohogontaing et (6or asportiian of pomgenizing nedlw ses | . o
motboda) Yo wiiih 014 berine eerue Flowin bad been added, The'sebtvie v
i i Lo
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Sothe required valge. g
¢ 2. odiste g

9 fesparstion of bemorenates .

e mothoto wsed o exiracting and sstinating 4o Tavela of
lucoss vwtabaliving ensymss were pinilar to thosd Gesoribed by Shodk

st posar (1964 bt soue vers xedified. e

Shall pheoes of tisems vis. 0.5 - 1.0 verw rencved from thd
frosn Tvers,  The tiemues were revidly veighed and houogendzed wIth

o an Titracurrax hosgentaer Tox @ $ov seconds vhile bekng kepb n e
don-hath,  Hemogentsation vas sarvsed oxt 11 » solstdon cotaining 0.5
K22, 0,050 KRG, 0.0064 Hog- 04 and Tk T, Tho, hmogente s geie
xiuged in an KSE Mghespesd risigurated oontriuge at %0005 for 30
iontos a2 196, The clowe soperasben s Shen Ssad o seinate She
tevels of differant glucose metebolising smames. !

8 the STaWIEty of the Tarious enaymes i the hasogontsing Fedtidh,
Varted, bia wost TaMls ones wore Assayed fist.  Turthermore, An ordar

Gy wntiorn resilts, the eraymes vire ustally mesdured in U s -

e
“odar-eaoh tlne. s 1% wes izpossitle o estinate the sctiviey AT a1l
i anupsos on the skne day, the meve shabla nes vere kapt b U°F aid

sasiged on the following day, Trash dllublons of tha storel supsrnabents’

oo ., ) e
o y
A3 the superaatasts vere etlutod vith hosigentetog s Novt
£ o8 03 enaymss presst 1n thete SipBTmAOTSE VETS ansayed by SRR 0 14
. ¥
i < a0

gt s



systasa tha mvodied olther ug, xtdation o Jeduotion of din o tri-

oottt msintices. o ity v Seretorn dtorons .\

i tuevtng 02 change 15 th opeica dnsity &% Bamn. egthana-)
Vs ahilaco e shosshoglycarat sutese, hich wore datereinid b
CoTiontl thg TR formubion & 230, To sctirities of the, msrmes
oo sutimtod 4t 30°0 13« ricas S.2. 800 or Beokan 2.5, recolaliy

eptroshchitsa. 1 10 assan vera St e Seente, ¢

41t of aveym sctheity to dafines o6 the axeuit of anchms
rogatred S0 convart 1 male sHbatrate pas ninite.

Spenifin astivity e exmressed ax Muita/g. vob uE.

(6 Speoifte e dotencinations

1. Ggonseldtnde shosmate defpdroransse (GAiDH)

‘The glycenaidebyde phospiave dongdvogenss activity s estinated
sccondiog o the folowsog Tesctians:- 3

e

Lo SN

N NN
e >
J\ P e
o, o Nt =
- Thd assay systan consistod uf 50a trtothanslanine-AGL Tilfer, P

Lty S B, 0500 Vg, 015088 My, 2.8 G, 2,500t ATF, 556
hosphocdyeerato Kinese it rupsmebant eguivalent 1 ippreoroutely Ing
: e \ : '

Y




4l dettlon of auparmatant £0 botk the Mlank and tast cuvabies, (\m
hak euvetto. suntatned everything axcept JPGA.
.7 Frramis dnam

T gAY Kinsss activity vas estimabed asoarding to.th
£o12eoeing seactionsss

g Yo
- P
o e,

K“ ashydrognass
atate gt

The assay mizbare contatned Soui{ friethancleming 403 Sutfor, ¥ 7
St T4, 10 ol T Iactate debydrcgenase, O.15sM HIDM,, 2.5 23 PSP,
2.9508 0P and swpertctant equivalent b approvinataly Ing tisdie.

Too lank cuvstée consetand everytiing ssvepe P, 7B veaciidh
vas stuxtad by e adiition of B, The reostion nfxtere was wulMtrated -
at 30° far 5 Wivten beforé the sdiitienof Yo @7, Doring wis wns

Sasarl, any fymevets sreserts in'the FEP could be redusad S0 Tackate.

1 Bl

s snzyma catalyees the seactioni-

N ot BaS1aZE e

€ rintn o o s 2 b
=)

15 Yha aAIIAY of Sala emme vas found o tncrease Hith vtve, o
supemmegamt (aubvalent to about 2 toois) oS pratncabated st 270 o
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35" it 5444 S0 Tris-£FL Wifen, 3 7.4 nd 1 Kol Tow
reactlon Was then indtiated iy the eddition of 2704 (2.6a4), 7

Sba Vi cotated ALL the reagene emapt 2004 .

v, Dgslas

{a) FOP adolase

. o o g sttt s et st 50 it
e N

o .
: dhegs .
Ty wes, .
VAN
otserarer N 0"

The exsay system contnioed SOmY triethinolanine M bulfor, B Y.k,
S IR, 0,150 Ry, chogiyoeralgtasptat debydropsnase-Srioseytoipiate
Saanarase mixtore oostatning 0.8 ma b6 remectively, 32 FIP and mpes-
s squimlant S0 spprorizately 1105 Hovwa.

h activity of Ais enarme was ostinaied sgafast a Vlank theb
contasaad a1l tha abova resgents oxcept FOP,  Tha vosction ¥ad fattialed
17 e adiiien of supamatant 4o both She besh od Blatk cavettes. | The
FDP vas checlied for trinsepkosphats Uryursties Wikch ceuld giy Lelaly
. high romlts. Zhis uas docu by uring Uhe sbove aseay arstes SAYHot
: offberaatant,

- £ 2 clen NATR, vers cxidtesd por mole of mbstrata ubilised the




35 ritas st SN Trts-0L tacler, 18 T.h made 20l NSl The
ot ot gty st o 50 5.

g Wark conbiined al) ke reguats sxeapt gFOA,

o0 Adclese o
) HE stoase
Tho FIP aldolese sctivity ves ssbinsted scodeding to St flloving. |
. ‘neantianss- °
™
A
ndetage
“
47— e \/mmz

et T

Oyeerar pnn

The asaey systis conteiued St triethanoladae 1 bufer, 15 T.b,
521 T, 015N Ty, ohglycorolsbospiate deMyisogumase-triaseptissshate’
Sacmerase atxteve sontatsisy 0.0 65 480 respertively,
matant equivatent to apprectistely 1-10% tisswe.

I and sepee

. " 2ie activity of this ensyme vas estinkled sguinst a bk bhat .
it 1 i st s o I, T secion e bttt
o e it o o o e im s s i, T,
T ] it 501 st i i bl i I
e s, Sk e ot 6t e v sk i
- . ‘

o o
i ; B

1 2 2 s 208, wece cetdindd, pex 3y of suistite sitiaez the
N : : p -
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Sishase :
™ N
@fratgposphata
Gstyirogenas
Srvcaiors iar
The assay zixture consisted of SOulf triethanolonthe AT butfer;

5 G20 T4, 0,158 WibRy, 20 o ~giyceriphosphute delgdrogemass,

f FIP snd supemnavant equivelant to spproriiately omg tieme,

i The Towstion vis Initlated by the addsiton of mperastant to bath
0o Blank gnd Sost cuvetten,  Tne blank contetned il the resghats, dxvait .

it - ¢ .
Sucosa-$-paosphate debyirogensse (OSPIH) S
* oo giecor-bestombate Syisagunse sctiding s exiisied
. diractly s shonse EEAE TR
me’ Y
& Poglasenslactone (—/\:-/rAnvnz . e . .

Tho assay aysie conveined Foct Srlethanolmine-l bultur, 4 sy
. 023511 WADF, 25 66P ‘3wt sopermatent equivalant 8 £

Sy A 2wl T
E N




© exroitiately S-105 Hissse, 3 -
7, o Tasction sms vtexied by tha ahdition of GEP, . Tl Klank ove
r\m .mf.u,,, o \ I

Wi, Gingeinase and Nezolnase (0K snd 1] - s

The sotivittes of thase crmes vere satinsted scrarding to the . | %

Zottoming reetiasis

ap Gincoss o *

m«J\m&r j\jimmv’
53
6 P-glaenctastons « s,

'he assay mivaTe convisted of mmmumw.-m uster, PR
1., 5, 031 ey, 039 TNy 2.8 TP, 1 qvooi-6-phmiatn

donydzogansse, ghicess (001 glusose for $he Yincokingse sebey and LS

Shtscsa Sor e besokinase: assy) ind suskEnatent squtvalent to 5-30og
ttnmo.
o
T seusben s sbared by thn it oF 2 to the s gt
Gy, fhe ghuookinese ecvivity wes detassined by subbracting ioe osbtgsy” ¥
Gstainad in the presence, of dov lewds of glicoss (1.52) frem that dbtetnad
wtth tho kigh glucose Tsuls (00 )

it Trmotase rptonmhataso (Fopase) S

The TDPase setirity w3 osbiuated socording 4 the reactions shown’

Sebeatioally balswi 0 v
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. aPase

Grosshoiucase so.wmvass

o N

st .
s

st s,

The asta sy+tem comiained SO0t trlctsnoleudne 8% Wutter, FH 1K,
St S0, 20K Hglly, 036 1MIF”, LD glucoss-Sepluosphate dakpdrogeasse]
15 phoaphoglicose suserata, 0.3 3D ant rupeTnatoct aquivalent o 215

y

g tissua, The Blark cuvotta contained o1} tho eforemeutiened yeagents o
axcept 5P, .

Becziss s tructom dighosphstase estivity vas fomd 4o tnorests
i tie Saz e f1st 20 mimies, {after vhleh time the Ativsty vas

S0t o5 Lar),th senctan vhs o o Siceed £ 20 mimteh
R L ————

iy 69 prasent. 1o the SDP mregeration A estinaied by setting vp
B ainny ajsten described avave n the ahsece of supermAteIS.

it posshogiusoys taosurase

Ths phosphoplucnse fsemerase activity wes sstimeted ma.au\‘f'co o
o Loty

totagr—
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o Teection rxiars contetood S0uf risthanolasina L Wifer,
B, 50N, 20 gy, .36 TODS Y Ghaeons.phosshte
cotpirosunass, 0,51 760 und sipersatent oquinalant <o 1rg Hewme.

38 the 6P vas Zowd to be scztinatad ¥Eth 067, sl 3 esderts
st i supcrmatant vero added to e teh crvebte. Afsar ai) e
65 had een exidhned; mgernstant wes aied %o both she Wark sud tash
uvaites, The inear rate hen obluined Tegresented $in phévlilicos
Saamesase achivity, Oy sdistrata (S6F) as caitted fria the k.

i Paosphogiyveress mibase

Tho shosrhogiyostste mutacs acliviy was ssiinated spectraphotes

 3p04 Socaphogiveanmutese | prg) Saolate

'
Tk geaction slrbure contatoed SOm ToIs- L bestter, B Tk, 25
smctass, 2,70t J04 and supervatent sqatvalent o 2g tasie.

‘Pria-S0L buffer, I 7.1 us used tnstead of teidthaisliwim Al
urter, as. the Intted wes fousd £o Bave s Migh shscrption 80 230,

Tha Slank centelnad 313 the rosgents svceph A, Tho'reastion |

s Sntilatcd ity Svo adlitton of 04
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* ., o Slpearclhosshate Sufvivogk
o ctiglycareiphospbate detydrogenss 4
; L
“dtrentas Sompaing to the ewstians- P
L s,
o w-tysersisbospiata cenyirogmasa © - .
. uyeeraisherpifie a0 ks

Ths fallowtug Tesgonts ware prosant i the veestion mtxtures 50
it et timnoasina-HEL DaTtor, pi 7.k, S0 ETA, 0,166 WA, 10K
DRAP an aupernatant aquivsient to 20 Lissme. ;

W The sk contained e12 & resgests avoapt TR, The reastiin
% e 4rtiatad by the addttion f awpernstert to Both 8 Hlank nd tast
: - H :

e cnontrasion of D sus ssaated by asying i 5008
triothasslaning AL, baffer, P 7.4, 568 Bita, 70 glyserol Phospbate. Y
aslydrogensss and 0,15 ¥ATK,.

.. Igiow soemorare P

Th xmastions fmolved in the Srlosephosshate. iscnerass esction ,
<an o Topressitod sohonatically as foliove:

L . «

l VTR
e ity B

O1yeorol: <1 phoaphate dshydrogoniss

v Qgesiol-ry “snut




g et S i o o
stnition 3 ng Feowtng Sonf it
atiwionanine AL butter] o 7.k, SUt AR, 0Tt SA,: 77 glgbered

£ rosshace debyteopsase, Ot S ant cpeimatagh cqiralast 16 :
[Rrn ! [

egertis to-the taab civitte:

“Toe Vit contatrad everyihiig sesept GAP.  The Fosotian vax
Habtated by tho adiitian of swpematant 5o both 3w Elak and est
auvetias, oo thet my tetosmphosphata Seoserase contaminseion frsvers
i the glyouralphosthate deRydrogenese Preparation vould be dnubhd' 3
batars the adattion of supesmutant.

xt, latate dehydsosenase (L) B

The Tactita datyirogemase sottvity ves satimstet GTREOY assor- ‘
410 %o the reacilons- .
m-.u\‘/ oy

serte s s )

ho a0ttty of this enaysa vae asoayed in the sressnco of Soak
trietianalusim-BiL buffer, 3% 1.5, S B, 2,50 pyrovate, .S ‘
A, ahd suparmatant aivalent, 40 apseSCnitoly T tiasve.

Ths resstion we started by the pedition of syTuvats to the best.
cuverte ey,

as? poopuuplveente e s
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The reaction mixture comtatned SOmH triehunelamine-HOL buffer,
KT, S8 TR, K HBly, 0150 WD, 13T glmaraldebyca-Deshos-
Shato dehprogenase, 2.80 ayctotne, 2.8 3L, 2.bath ATP and supermac

Sant aquivelent %o sppradnstely Tng tssm,

The blank cuvette contaired everything mxceph AP, . The rescton

s bagun by the sddibion of WP %o the test cuvetts oriy,

sy, Phosphoglocomtase )
The phosphogluscmtass sckivity vas estimated spestrophotomatit-

Ry sscarding o the fallowing 2 resctioas

o
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S0 vy et oS ot trttncstantos-TL icros, o
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ik, Se EITA, 208 KaCL,, 40 clacosa-phosphita detyirogeaesi, 0,360
TP, 3% GIP and supsrnatens sauivelent to spprodbately lug Hasua.
Ia ordor o shian full sccivation of the samyme by %% She
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host nd cancopors sausd o ifferent Ympatiodes, ToriZiod that ost of
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ostirated the activity of U enmme over s thres ningie perio,
@ertng whteh tims Vo anewmt of ADP Shws may bave ascomlated for
ko3 side rescticns to procacd vas prosavly low, 4 ves fali G
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o Tivore of posly-aorished pieRs. 15 $n the pesest iy, |
“ris oums has @izo bean Tesoriad <o ba sbseas From nay fotal Mvars
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azanot b Gertein $62t tese rro 11 buing assayed for wnder ogii.
sontitions.  Surshornonn,
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of ten T hopatias aod 0 be olevated 1a only thrée. The

e
a08vEty of tals prvime 13 Gunerady elovated in vxt Wpstomsa (ibar

<ad Torrla, 3663 2oh Shrk gt gL, 1965). s Uhts snme St

Zixst cnayns of the pembose phosphabe pothey, Tatsed 1evels of Hhis

snigma ol enliencn the acbtvity oF the pontoss prosghate petimey

Bt Tocdl %o Aneressat KOPK nd Sentosa synihonis.
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o the'oahes bin, Fhosphegincolitase, which eatelyzas the
eommzsian of ghitese-6-phosghate %o Flicoss-1-ghasphate, ves Towia
o bave 2 ey qobivity 2n-ostracts of ostsk ivers 33 compered
o nornl, dilt Lusrs,  Tho phosphepliomutasn ovelo ere alse

Zaumd 30 conatatersly Towe n cescerous Hriut sy copared fo U

thesn of ihot sasmestive hovt tiams. | Tsse level HEfectpons
bebwoan bost and ouncorous $esus were fourd b0 ba highly signifisant
(F<0.00). Do ant Shank: (1966) also Touna tha avtistif el Huis
st o e Lovar 42 Suman hepatosse #8 compared o narual v,
e actistty of e osyma has alen been fou o Yo redioed <
Zart-tnasing #at hegabonas (Sacuic g 63, 1965 sud ieber end Horrda,
3983).  Savar (1566) postuisted What dow Tads o phosshoplicocke
Saro Su ratiect & daorease af giyoogar atimets 1n tuncer cells.

Gevever, glycccen dopostidan 15 aleo Tequlated by e activcilsd of
£igeogen smitetaze and giveogin Shasphorylase, two suires which 1
st dn v Zowo i wems acbivity Ln somratleq by oftec regulatony
snageos urd Tastors (Folser, 1569 md felwoich, 1965).  Zssimation
of the Lovels o theoe anignes, zs veil e fh deserpinabion of facls
instts paramstors sould give & bevter lusight fato vte oanwel of
iyeogea symihiesis.

Yo camatatont dittersaios botiacs the diSferont Fsdne: bypes’
tastad vora fow tn the lavels of 18 bifunotonal eiaye hospho-
gincoms Sicaoraze,  Hekar (1966) Eas alus tedisatod that 1ho axidvity”

O s s dons it chtor £ T2t bepatoas.,

s daied B
Ehadasy vers evever found %o be lmier in axteast o2 Coetal tHen i
i s Sisare.  The devels of this anmyme vare siso faund by bo

8-




¢} -1 .

Gonsistantiy Jewar in caerma tissu Uhan those of ety heepe

e host fleme. Vhen the Temlis cbtained with the dilferent
st s e anas e it 20 sz
tataeen bost and cancercua tissus were highly significamt {P< 0.205).
e elting s 15 s, i sms f Boses. s Sk (1961
o £ th st o S5 s 20 sty e

<ha ten b hapatasas theh ey tastad.  Siallesly the copiutly
of thie exsyme b2 heen b to deorease n rb Yapatonas (Heber

an Gantero, 1359, Shak 36 8., 1965 and Toxar and Shk, 2966).
45 ths 13 onn of the oy repiatory Aucoracgents amsyus, desese” 1 D

n the sctiviry of Ut arm0 covid Tned S decTased luconsogsnssis
in thase bapeonas a3 suggestsd by Veber (15661

Réhorgh the Me-addolase levals wers not algoificantly differiot
in Bost o sencevous Vissse, the astivity of aldliss Witk FIF s
consistontay ni StaUsbicir Sgnitiouly retuod 3 béers Hikdue,
giving igh FOR/SIP aldckuse ackivity Tabhos. Tudse revdos sgies fth <
the fnftngs of Balinsky and Rersobn {1967) mud Sohapira gt al. { R
in men bapatanas, a5 W2T @5 with She $4nding? i iravsplakabia Kb
nopatonss (igimra o6 ., 1966 e Matmushina, 1960).  dn potated”
out 1n 0 sntooduction (page 17), o foms of dliblage exist, @
miseis abdslesy 4, that hydslyaes FIP st 2 festox rate than FIP, giving

o P sttt et o e 0 s o il 3wt S
on 5012 those aubstrales at Gia saze rate giviag activity ystios o2 1 7
Yt thse ot e i vt fn i b,

Zenging of FDP/FIP sAsliss ackivity Tutos of 1t 3 In host tlsmn,

et s o s s it
PO S R




i .

/ -

e e preening 15 hsovons ar, - T i

conld g0 ndteato &

adia? roprossioy ask derepreaskin of. gned,
th corvinoganesty refier than & slution of getas: If genss wire
462680 Grly axbrinb TU/TIP slasiogo aotivtty debios of L wod 57
oL Fave:boun sviatuad,
hik
seppragacd, vblist thet for mscle eldols

Susgasied U7~ aptra g al. ‘(1963)and Habemahtan st gl (2968)

The FIR/FIP Aldolase activity Tebios vero cly oMgRtEy Bigher T
extzacs of e fottal Mrer as conparsd Fo, $hose of human adilh.

These were houever mot 22 kigh 3 thoes repertod B Sehapins gt al.
(age3).

T constetunt &4iferences uere foma n tHe Griaseplbihess “

toomarase,
Kinsse and phosphoglyvarate rmtuse activities of host and camenrous
toorua,  On the oier band, the s ~gysavolphocshicts dehydrogens:

Suitate delyirogenase a0 malsta dokydrogends 2evols wers foucd o
Yo canstatantly Jewer S ossterous svi 53 capered fo thess. | |
songoctive host tiasia,  Bowsver, vhen the rentit abtatnad yih
astloront host and saucercrs tioauns vero poulud &nd subetd ta
statistios analysis, the aotivities of ail thoss enzyres were fomd N
o 5 stguirisantly xwdiced £ cancareus Sisgus,  cospariacn of
Yhora onszaa Tavels 4n axeacts of Wman adiZt % Sostal Iivers,
st anly tin sheglycansipbesshats dobirgansse 2 POSEhOGT
corata stase Lavsia vo be dowsk 4n foctal Livvts. “OF alL these
sanpos, oty i -glycerciphonstata dobydcogonsse 4 sElets delyro-
gomoat Yawids vars found o by Jover 3 transplantasle e Bepatones

O

1

‘ L



(g g £L0) 1065 snd Viter, 1966). " Tn umans, Buxar axd Shoilk
(09681 e aniy tha"sh-ghrsroyhosphate deydestams Lonta 4
b’ Loyer In the $en priusry cancare that they tested. - One mem
apmeulis on £ Shatsloieel sianttiodien of vae Tow devels'oF
i dns., Vobwe (1966) mopesed 4t the L cioglyoerilphoin
‘Phatio dabydrogonase activity could vatlech docressed Mptd syrthesis,
I 415 oamn.of glycarsldaiyin-poeshite cabytrogenase, tetotaphes-
phsto dacmersse, lactote dehyirogensse and malate delmdiigerisse, ‘oo
oan argue that the Jevels are 30 high that it is dowyifld whether
o - Jovar Javals i cemoepeus Fhasus WA K2fech hn etavels

e,

Ho sontatent df£fixanses wevs Zownd in the sndlase Jevals o
the fferunt tiamuo types tosted.  Othwr vorkars hava slso fomd
o dttarences 4n 4he Lovele pC Sais srayme dan-cet or bmmen hepebosen
(B s Shenk, 1066, Yeber, 1966 and Shon: g, 1985).

Yo canststart, dtfesencen vera etiiur oo 4 She pyrirata
tneso Savots of fostal a4k Livers,  Toe gyEiwate Kiase
aothiiy o o found o be <lavated th eight out of ik opas
‘omes, whan hegt tiswe vas compared 6o ita Twspective cancarous “ N
Stoove.  Thore vog o stastitioatly significust ditfarente i Jovels,
Vi i sty i sanessd 3 U/ vk v, U literenin s
St tsém vhon tho Aubirity vag en a0 S paroemiage chage fron
Sont, Siausa,  Thts cen geehably o rkntad 1o tha Bigh variation

In Yewsls of hust end of <ancORORS YAscus 7 ALPTRen epetimas.
Suoh varsekton can seobakly o expectnd, Serttoulerty it Ghags: puwnis,
T thoss of norma My, are ot{1. ibject’ 1o diety ek bormuel
s, 1966 a5 Fhteh and.

pslattan (fanskas o gl.; 296Ta, Sida
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Chalkeff, 1960},  Boxer and Sherk (1966} fourd the activity of this
ensyos 4o b wnhanced in orly thres eut of tan Wipetomsz.  Hevever,

o Tovels, when slovated, wors mich Wigher than thon Tomnd in the
prucant stady.  Parine sk 1. (2568) bave show that e scbirity of |
hts canjas Locseeses with gD rate tn trassplamsable sab bepatonus,
#he 3ncseased activity of this enayms, fogether with the Lociossed phov-
hofructokinass and axoktnsse levals bave been iaplicated a8 efleoting
Sncrensnd Byeclywis (ber, 1966). '

The @it2erences o 1n the enayme levele of Susse bepatomss
st that thelx metabalda pattern 1s sltersd as oamparvd b6 the host
e, Towever, the onyme pettern af thase bopatoms disfercd in
sany Tespects fron those uf Baser and Stank (1566} and showed comhat.
less variation. This cowld indicats that the primery muman hepatomss
a5t 42 tha Fronent study wire probebly ALffarvat o those tested b7
Soxer and Shork (19661, This corld peytly be dus G0 dStferencus in
2610 of heso cancors.  Wheross el thw sten hupatenes ested
i1 tho presont study wara sbtedned froa petgents camlss frem om0 wee
(Fogeatiaue), thoso cbtatond by Bumer and Sucsk cavg Trom gsveral
soutrtna ngk dncludiog ary Alrican ones,

he oncye Jevsi ahanges G1Efesed fram Shose of wrsmsplamiable
2t bapatenas 1n soraral vays. Tho kay Togulstory eosmas of Gooss
atn hapetonas did not 411 charge drametically ap do tho of fant-
oring 7ot hepatonss.  They e also e those of slov-groving
ranaplantable rat hapatonas, vhich shaw virtually o change. Thon
Sinfings wod suggast that the alteration £n the ersyme pattern of
4o prinary numsn hapatinas, 1ke thorw Teported iy Bower ead Shonkc
(1966) eamot v aqeated o thosm ‘of atther fast ar slov-geovlcg Tab



opatasms, ‘

4 conpariaon of ¥ha casyms levsls of nommel VTS Bimen wnd
£ostal Liver, atiove that the glucose-S-phosphata debydroganass and i O
FIP/FLN aldolese aciirsty Tabios were alovated, uhasoss e Si-gly
carolshoophate dehydrogensse and phesphogluoemtans sotivities wre
Towws 4n 5 pontts <14 human Fostal Livers than 5u et Tvars.

16 thaxn couym Laval ahanges xeseablo Sheoe fousd £a fuaen bepatisan,
a9 could speculata vbss St petaballe pattern of Yieds tasan hepa-
Gomas purely resenble hes of fostal livers.  Tht sould inticats

4t the metabolian of Liase bepatonss may rewrk 10 3 Bere zmature
stago of dovelopment.  Hovever, 4k metabolie churgu fwnd tn the

epatonss sauild lso be avtrdiwted o thelx mere anserobic envira~
2ent dus S taputrod Blovd By

Ghangos vers found 44 the lsvels of key regulatory nzymes
diphospiatoss ¥hish could indlcats

ok 5 prruvate uess snd fructos
omhunc. 4 glycalysia 1nd deoreased glsconcogensats in these hepatohss.
Housvor, 1% vas foums that tn aédition 4o those Tegulstory easymes,
aioh catalyse uidivectsonel raschions, the levels of bifuscttonsl

ameyoes, sueh a1

Jrm—
mnase, naze; malote

a5 Lustate datdrogamase wors elav a1l aSgnifiomkly 1over in hapa-

fomns,  This would sageast thet thess 209 EIght affect; the Flixes of

0 varices pattvays In whlch they ooour. . Ja the activities of thess
antzans are belng sstinated under optinal ia vitro Sonditiounand ax
the Sireation of the rsction catalysed by tha bifwnssions] anzyoes 1p




.6 ~7ma :

v VAL dovend. o args rasber of Zaclors mich 26 ta Telatche
concentrattons of subdbrates, cofactere, inhivitors and ‘Mnuh.

56 53 SrEUnLt 10 ensben how Shese ond affot T giyeaiyiie/ ;
kEDlCul—c:.rﬁb fluxes or other patiwers in widch thay cocwr. It is

thus eviiont thit Hhese ensyus Tavel changes only give an dndlonbion * -
of motatotio chasges ocourring tn thesb bepatonss. i

42 Qisusend 1n Chaptel TIT, tha soerayme. pabtern E 4oaa 9f
Ghoso snsmas 15 alae elbered,  Moreorer, pruvets kinsse, which, v
studtied in more duteil (Chaptor V) s found o Bave alterod fopor

a8 0 hopwions as compered to nomal dvar,  Hoica the mesbwimente |

of anayme sovirittes wnder ane se€ f canditions in i Gives oxly .
part of the anauer 4o th pessibl 1n yiry sotivities




(a)  Staroh gel eleatrophoreeta.....

Seperetton of gelo ant bostsemtal
leatzophocostas.

) Stsintng and fixiog of gelo
(@) Spacitio ensyme stetas...o.en
PR —

. tyrarate e o Aarslete ktows.
4, Lactabe detgdrogenss
19, «-Olysarcishonphste debyicegonase.cse

O P p—
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Sie-
oy 1,

‘Eleetrofhoretlo pattems of mluccse metsbeling exeym &

I patarials s Mathots

3 patenisle L
The thssuies and Acst of ths Teagents used wace the sany a7 Bhods

drscrited wnder Ketertale and Fothods tn Ghagher IT.  ditnionsd

Raterials versi~  Adevosins.5 -concphosphata (BP) which vas obtatned

o5 Y solton salt Trom Stgma; 2lp-iodopbany o mltrosbenyl)-S-phoi-

‘tetazaliun salt (INZ) from tha Jabisnal Boobsn. Ourp., Glevalsad, Okfo; © , )

TPhenezime nabhosulphate (PMS) from Sigra and agarosa fron tik Seraves Lah.

(37) Tha. . Conaanght. ydrolysod starch wae obatned froa tha Comnasyht

Sattoat vosesret Labaratory, Torondo, Cunndis

P
20 stscophtie setmisen setaped o o Sasnere seprsiin

2 s f tho gisco Lo s e £ sen 5

ki livers end hepatoass were similar to those deyorfded Ty Smith (1968).

Same wero moitisd as described bedowie PRy
(2} Stazeh o1 elostrophorssi
£ Preparatfon of gole wd herisontal electrophovesis ;

20¢-Conaught, hydreyaad starch vas suopanded fa J906L gel bacter
foss pagn 157 421 » xound Bottmed glass Flack. ., The auspeision vas beated,
s sgnstantly Detsg ovisled, over = lov Tlma, T vas aliowet to botl
) 3¢ Yocans semitrineparant, ¥as tben Gegersed and poed data & Reold
oat had v Sile with ¢ nmdion sioed (16,5 % 0.2 x 0,65 o) Shmdon
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zrome,

5o 361 var ecvased it Ia7h 9 50 oreTEAgRE, 12 rgently
Toqutoed 4 vaw couled 32 1% fom 1 40 2 bowrs. St wre ek 6.5em
Sray the 808 of the gud.  Tivon wtripe of Woatmmns Yol chrensbograty
sapar (9% 5m) vere uset x sppdication slips.  Thsse vere Eied fatn
2 vartons e preparatiome mad pleced lnto sach slot.,  (per dotatls
oF 5 protadize tras for Sha extrastisn of the enevms frm fhe Aifirent
“tagmon,son Natiodn, Chuptar T1). 4 mtmbe mows of hrcasbamdl He s
130 st o0 s side of e 51 (1n Ve wane yestiten a2 the A2S5) 40
serve un o msier.  Poally, the semplas exe elactroptoresad far 3 cin
stamt vimm Smtereel, st comstant ampersge, 1 & Bectacatal Sando ek
Skt bad born £111ad w42 the required slacizods Wutter, Thrse folfa of

“axtnans JH) peper vers ol as wisks,

ifter Hm suplos 1ad bemn clactrophoresed Yhe soplicatian sifpa
wese o mé the starch sliesd with « Standen Slscer a0 four Tayer,
ha sharch dayers vara separated fy Slloving 44 ORI v odierd 402
Solyshune £0n. Toess vers then steizal.

B.  Siainirg end giefy of gels

Sinos votued tetvazslion wt foms m Snscixble Ted Froctpiste,
thw postiticn of Yha smyve cmld be detected by coulSey the reduced fro-
ety of tho emymie reaction to S and T as folluess-

o et RS T
: N P
" - ,QC, ,
e e me

Tnscuble el prectpitate.
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To rintatae 1ha quantiiy of reagents vied, The stalns arb prepiit
5 ugarose, wniless otbervice stated unier the speciric euiyee staln sect
Amm, i ogaress (0,85%) vas solbilised by suspending 4% In T &
She xesnized Staal Yok of statn Inffer and awtodleviay 55 In 3 .
coctue watd the praseure readhad 5 20/eat,  Voun e Shair gheons w0
4o had cooled dovn 0 U576, ¢ vas quicly mimd wih e 3

257 of tne stetning SeTfes 1o Vhleh IS, THY, subatestas 08
onzymes hat been added]:  The gol vae Chen tnousated; &5 the a%&.g
tesperatize L the sbaied acenagen Sands seached th Fefuived Lrbane
aity.  The gels were then fixed 4in 10% acetdo acid and photographed with
nd vatht vha agarse.

©. " Speritis vayme shatns

Simetkinase mnd Faxodnase R

These isconaies ooild be datested with the following TVactign systami-

6 Pogingonalactone

T N

' Tosolubls ved

x
Am/\;oﬁ?‘/\m\m’ P i
W T :

Diftcrent Japers of the sare stareh gel vere developed in sitne
“hat vase einilar bo those dasdrlied 1y Ketzen aud Siblrion (1965).. These
consteted of O, Pris-TL Buffar, pH 8.0, 0.7 WASF'» Tt Kelly, 2%
RO, TU glucoss-t-prosshute detyavopenase, dog 7S, O-03k T9T, Tk NP,
0,857 agerose and glucoss (0.5alf glusose fov the hewckinese wiainy and 0,3
fisncsa Zor tha_ glusciinase stain) to 3 total vale of al. T Manks

[3
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75 02, the i contatond AL St Seogats Szt 0P and the
sacova contatned A1) mxseyy gusosas . ‘

ul to Kipase {FY) ond Merplate Kimare (A1)

The pyravats kinase and aderylate inae dsceryuas were datectod
ey making vao of the felloving roastionsi-

A X :X -

ET

& Pogaumanalastons Insalile zed
ecipteate

Te statn fur detacting prrovate Kinsss swstated of 0.24 Tris AL
bater, B 8.0, 20 ¥OLy, I FAP, 1.5k AOP, O.lpat HALE", 7 gIncose=
§-ghouptato dahydragasass, 79 hexoeinase, 103 slucose, log TS, 0.05¢ INT,
120t AP (20 trbitht e adonylate Kinass sesction) nd 0,85 sewgoss o2
Sebal ol of Tal, The dlank steln contalrad aX) be reagenta sxoeRt
p.

23 452 Bay slz0 e syntimsized xia the adorylete ks Medticd, ¢
dtforont Tayes of tha sanm sbavch gel vas statted for this ey, T
eonstion mtaare vas siailar 40 that dascrited shom excat S2al DU FIF
a0 AP vore ithed. B capirizg 466 Lacensyne patterns obteized with
tbihsa two staine, the postitons of prruvata Kiness Sscentynes o0 be

actorsined,

451, gactate Ghydrogenise &

Thts stain ves sistlar to the ooe Gemcrited by Ruabo (1969} s sea-'



P LT

sistad of 0.061 potassius Dosphate balfar, B 7.5, 108 andtes Tastade,

0Lt 1a5®, 0.k TF a0 b S 1  botad voludo e 150m1,

The Vlarik stain contatnsd a1l the above Tesgeats azoepl sodiin
zactito. | : .

te ecglyeerolpbupate genicogumuse .
T a1 vas prepered 1n sgarase aod consisted af DI potessim
watter, g 7.k, 01K {sixture afet~ and
B3, odait 1, 0.05g TP, Ing A and 0.85% agarooe in & finel Yobizs
of 2mt.

Tbe Blonk stain contatned all the abere Teagents exoept giyeersls

prospa

o shate feanavasn (2PT)

T Sedosephisphato Samerato Loansyes ovald be detectod Vit

he fllosing reaction system:e N .
-
,
f
L -
NS
b X
o y YA TS T
5] xid ek
. et s
> & modtbiod stain ocnsistod of D.ﬂf Tris-HOL butfer; 3 8.0; O.mit

a0, DRAF, 0,01 addim srsemate, T0,gljcaruldetyde-3-phasphaté Yelira-

gonizn, in5. 75, .05 T and OBSF sgaresn 5a & final Yoo of 2, 5
b

H wf

o -



0Bk i pipares b tsaoahing Gomg of ltdbigusetons ‘
Seekate syl Kobel-dloyeloterslammactun salt 31 251 KO, To i,
€L Dumac). sostn 4k the B Sorm wes addsd,  Tos solntion van FAdtored,
ol 40 S0 an Anatod 2 4 ater-Suth o 6 has aw %S, Lot

.

> Zudsse dtscopenate

e stadtng nixture canststad of 0.7 Tris HCK utfar, YA 8.0,
amm,muhu,pnvmz»‘m.nmmmaa&zwm :

& 2403 valme of 2l L/ .
@ fesate :

The edoctrede wd gel Busfers thet grve Che hast Naulbs fov
aitforent snzpees tested, as woll as the bine, amparage and humgeuats
concentrations roquired, are sumarised in fable 3.1,

St 90 sisctrptupests cuTies o st s sho pAtLEned.
specitied conditions, and evoloped 4n ditferent statpa gave tha Lvoemeys
sattars shom fa Figa. 3.1 - L. :

1. Glueddnesa and Heroeines

Pigs. 3.1 and 3.3b thlustrato s hexodnuse’ Lacecsyna petterss
abtiinet with 3,000 mpAstasts of nariel sdb Liver, bosb . can
perous Yissue when developed in dhe Presence of elther high (0.1H] or
Tow, (6 5exfh 1vels of sTusosn, Trom thess Fgurea,it Is seen thateouly -
Ssoenaymn st nfgishe Lorarda the avota vere oo, Thadn BeTe s |
‘destgasted typos T, TF and TIT in ander of nbroastng mebilaty sccoramng

Yo+t neencixtura of Fevoen a0t Sehve (1F5),
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#e. 3.

g 3.

& m o P ow man

Starch gel. electropborasts of 36,000, mpsmatants
of adilt tunan Hver (R} end different host (A, 3
and 75) e sancerous tissue (1C, ¥ and 1) when
Gevelopsd i 0.1 glucose fa glucoiinasa snd ham~
Kinsas setivity.

Starch gel eloctropborasts of 3,000, superatante
of adn. . nan Lver (i) and differens host {4, 5
and TH) a0 oanqercus Sesmes (2, ¥ and T0) vhen
‘Gavelapad 1n 0.5 glunose Zor bexokineso activity.



naymes, "and wak fond o ba prasant in al1 the tesee types fosted, ' o
e T berokinase was sbsen, e spemmatant o ol wGal T

and"if present in samples of host ilsaws, 4G stained wery feirily whon’

the elactropherogram was developed in the differews steins. On S, B
cthar b, % TT hecknasa, wes uite Hstinct n spemmatants of
eancerous tissua.  Turéheracre, fron flga. 3.1a and 3.1b, 18 cun ¥

s6en thst as U activity of hexokknasa I hacanes nave proncnced ‘30
e TI howoktnase decrecsss, . = i

Tha s1eateopberogras taat wave dsvleped T 01K glucaso and |+
0.5 giueoes veze very sistlar, tha ardy &ifterence eing that trpe T1E
Naxoktnasa (Vi presant) statoad slightly &k tn tha stirch el :
carsloped 0 0.5 iseose, sressmaily cun S Tokiviion by high elnecse |
Lowls) Thts sintlarsty do due %o the Fart that the SortEast snollc 5o
ongaso, e U (glucckinass), woloh 1o roputed Yo luve a igh Kisheslis
comatant for lusose (Extasn sod Sebisks, 1965), wes found 2o be absent

r0n supammatants of 421 the ctoront thasne types tosted (Rig. 32).
778 7 boxckinase, shioh uigrates it the cuthot (sroum g 1.
1967}, was also found to be ebsert from the different supernsbants tested.
o bands e be datectod Then the starsh gols weas develond 15
1o Vo steto.
. e visse e sdemlate Wisase
Bte. 2.5a ibusteates the tpplosd prvate Kins Secanayee pathars
ontatnad vith 3,000y sxpormatasts of norsel ANt Liver, st and oansdrons

tsavoen, .

Wen the toreh gele w."l‘h"hw 4n the pymovate Kdnade statn”




Pig. 326, Pyrovate Kinage slectropherogran of 36,0005
supernatents of nomsl adilt twan liver (),
and vastous hask (A%, P and TH) and cancerous
tissue (30, G and 10).

PSS .
w e N )

Fig. 3.2, Menylate Kinsso slsctrophorogram of 36,0005,
supermstants of noreal adidt Miver () and
vartous host (4, TH and TH) and canceraus
tiese (42, 7O and 10).
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onsi aabhodel and two anodal. dacencyans varh chtatzed (8. Jutahs
the 20 xnodal Sorunrens, caly e coe Gékrbe the-crlgin epemate
‘i, gyivatis Kinago Looeniyms, The Saxtber one orsespenis o stugla
e (P, 5,28 * Thdn tnsicatan that AF dose ok ot adsuylaie
inass carpistely. y

The scidel oud oithodal pyrivate Kasse Lavkusymas have Yoem detfs-.

nated Sypes L and ¥ raspectively,. ascording to e nessnclature of e
st (560,

s Sattvey of the o prrwvste Kinss Loveraran yera' Soun 40
vary 4n suptimatants of dLfraront iyssue fypes. from Big. 328, 1t 5
asen ¢hat vhe 1 Ssosacyer wee predoainant 4 FupoFuatarta uf horasl st
Ivar,  Feiat traces of type M pysuvate Kinase vere foiad 1n othsr sles-
trogbarograns, O tho otbar Tend, rpe H prruvate kivess was Sowd o
predoninata in mpermetanto of camssrcus tiacw wherses tpe'T Fyuvate
inese wes felnt o avsent. The pauvats kinaes electzoperograne of
36,0005 sarastants of hos biswe sere Generally veiy feint (FiZ, 3.24).
he propartion of Gros ¥ dnd L Fyrvate Kinese 45 erbrachs of $his dssue
weré foud o vaxy vith cifterest elactropharogeimn, T wost Snttenses
bR ypes & and I yymvete cinases vare. prosent diaplaying. approningtaly
oaal actavtty,  On ame Sooasions, e T sppsared to predondnats over
45D ¥, whevens at sbhars, tyye M Byrovate Kisesn vas mars actire)

Staron gods dovsiased in the sheanoa of FEF bub Ln e présesos af
AP (slank) yero sistlar Lo those davelopod i 28 pracence of TEF, the
‘ontg dtbaronce batg s tia bands of sotgvity wera elightly fotckar.
sits 2 protakly 8 o sndogotas FEP bolng yecent, for Wila bl
Soaotden weo"eRiainsted ob pusifioatien;of fhie smyme 1 & Tnter abudyy

1
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g s §23skenghis g develiped ic the aderideta Knase stain
i geeredly vocy stveaky (g, .25), pub the firibept anoded'tse- o P
eqnyon thal Ves Lausdto b presock when 4h 5035 were Sadnad for

PrTevate Jinass; woa #4411 Visile,
2%, Luvate dehydrogansse
Fig, 33, Silusteates the rasslte ovtainnd wban 36,000 supernatants

of Dormsl adilt laver and different Koss gnd caniszous seuss wre wlace
trophocesed and the gels statnsd far lastate dehiytrogenase BoEISELY.

e Fis. 2.3, 6 18 sacn ohst AZ2 Pive Secentymes were gresint
33 tha samplos. tested.  fiso, bheve wipears to b no-signllicant BEL . |
Zferenks in the motlvity of these different iscentymes in supernatants of : E
cancanua tissae when they vere coapared o Shose fouad i 4heds Terpechive
host tosua,  Shght, b not  ccnstobont dfKereness s sabises

btatned dx the setivity of thess different Ssceniymes ith MPfaet |

ouparugtasts. v

* Vi these starch gela e devioped 50 the biask actits.dakyirel

- ganase stain, fren vhich lactate vas cuttted, a1l five Ssconymes again
appesed.  Hovevar, 45eso vers mich Caistar.

i
o oitatpieniate doneromse ;
"She atarch go1 stovtopraresta recuis aized wizh 3,000
e e e o, e s S
doveliped 4 $he cgicorolbosphate dohydmoganu stafn e Dlubeited .

. 1n TEg. 30 . .

fvon Fig. B.ka, 1 15 doen thab caly $ha furtbast anodi Sscensyue .



factato dehyfogensse Taosname patierns
obtaiand with 35,000, sypemnatarts of
Rernal st e Hver () and tfferent
host (2, ¥ and £%) and cancerous (10, 7O
and 40} Hasuas,
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Stareh ge1. alactropharesis of 36,0005,
‘supermatants of tumm amidt Liver (1) bost
(A, ¥ and TH) and cancerons thesee (45,
0 3G 1) when usL; tho o ~giycerclpios-
Fhate datyircgensse shain.

< giptannate
A

=5

oy,

)

Stareh el alectrogborats of 36,000,
superistants af man st Hvor (), ost
(28) 204 cazosrons (1C) tsvie vhen using
the <é-gicaraiphonphate detydrogenass otain.
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of the electropherogram reprasemis Ths -glycarclpinephate dehydrogenass
ackivify. | Thgs anayme vas Saund o skatn most Sntensely i’ supervtant 7
o€ st Stsme,  u vhm obber band, L acthvity mpgoarod to b cone

sidarualy setusod o assont o peratns of smosions higoms 8
e anibe stodned sors Catntly ox vas abesnt £rom geds dovelopad ia'the
ch~glyckroiphosphate stain. Twrthermore, from Fig, 3.kait o aeen $hab
e Attty of the et n mpacnaSents of S Ssun vas i
conibdirssly Loss then that cbataed WAth thels Fempaskiv oas bsin.
Tk o %o b6 exproted, x shora by bhe remlts’cbtained in Chupter B
whun Zovels wre assayed. : “

I xde2bion T the aforasenticnad enzyme, o fainh inodic Nanks

5 11 35 3 cothatie cue apptared uhen 19 geds veve develapod 1n the. =
w-glycoralptorshata stata. Thase wore aloo Zoumd vhen e gels vere
Govelopad 10 the Wlank o -giysasolphosshate statn. 2 thls stetn 15
ctstar to the lactuta dehpirogenias blask stein o0 stnos Sallasbery gt
A1 (1969) bave ot that tate dehpdrogunean can sesch vith soma
Lspurtion S0 the starch gaL snd WAD 1o give DS, Heds Basks ate prasably
Tastate datydrogansse Leconsyues. S

Pre g 3.4b, 3¢ 1o sean thet dtalyais of the atffarent superaa-
et Tractions €14 not slininate the blazk lactate debydroganase Xeastion:

e statns of Shese lachsta dahysogonsan daoensyms were sors Snteuss 4n
ks aladbroplierogian, op the g0l ves Jafy 15 e Statn cvermight aftor
tho apurasm bad bang renoved fran tin - glycorelpbosphate dobydrogentss
section, < =

A\ n ase
v N Ixioestoaphate foo

Plg. 75 Aimptrates, the-trinsegtosphats dsomarsse Ssosheyo
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Fig. 35, Starch gel elestropboresis of 36,00, supematants
of nowmal st hmen Jiver () bost (85) st
eanserma (10) bissur sbon Sevelopad in ton ricse-
shcophate Lowonrase stein,

Stareh gal electropinrests of 36,0005, aupernatants
of noral adult han Yvex (A) st (3, T ant 58
s canoerons t4sscn (4G, R and 0} vhmn developod
in the nalats deydrogenase statn. A
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Fattern oblained with 36,0005 npiﬂlltlnﬁl of. mml! aduly liv-x-fhm

o Gnoetons tiskm.  Bron P4 3.5, 16 1 auen s ares a ()
‘triosephosphate isamrose $sdansyes were obbained, These wais
i 0 S s i e, s e s 1 5

. ma.&* -

e meike dimdsogenass Laommzyme petbern ovbatusd with 000
cupernata

oF normal agult Mvsk and ditfarent. host 4nd cansercis

Sisrues ave.sham f0 Fig. 3.6, Frow Flg, 3.6, 1t s ceen that omy

anotte and ons osthotic 1asasyma vas Shtalued, with £l She Home
rpes testad. g .

. seusston

Zeosnzynes of hexocinass, prruvate kinase, sl-ghyerolphodpiate.
Zactate dok Ssamovons and f

malat dohydrogensen 1 36,0003 supernatants of cawcarous and st B

vhosas and mosel et unie) “iver ware sepesased by sbesch go) elo
woplorsats,  OF alL Yiese saymes, enly the tro fey glyeolybic
soqnlatiey ansyses ix. Sekokinize and prursta Wasse, displayed
raried diffevences 40 thetd dxvenarno pebteim itk the dAfferent tasss

Wypes teatad.

+ comarativa svites of the lacatosse s5d hesaizan dscenes
yroaias the proseze of only bektzse T vud JI1 40 nermal S618 5

buman Liver, . In host bissur, haxostoase T, IiT and Salnt twaces of
T2 o fows, shoron 5 ansasout homs bnabioass T, T i e
snitancas Totn Sraces of bexaizuse Trzvere evax»ﬂ Clusudnasa .}
aa eboent from a12 ¥he Yissuo wpe- testad. :

% .




’ The abasmae of glucckinase fron all the tissua typed Seabed
wefiacs the Joehis ssveys ke the sobivity of this sngne could
¢ ook be detested.  Parfhermoce, tha finding thab Hwkinese ITT &
(ohaa goesent) statns acr Artensely in elastiopbucograns developsd
i 0.5 giuoose than in thora developed in the Prosence of 100 ©
Sincosn dnticates that thds fsoamnos 3 binited 5y high ovels of
giucoss, Thls voula Jand further supect to the vaplanatica gtv
oz 456 negative glucodimse Tvoulta {gee Dscussion, Chapter 0, g

Tha ghsence of glucolinese sud Wexdkinase Ii, as well 2o tha .
inding of oth Berskanase T and NiT 4n noresl adnlt biman Mvers I o
comststezt 1th the rindiogs of Tom gt . (AT, These mhera %
St Eincoinnas 4o e dsens Eran Tivess oF posrly-nwtened pabiests.
ey xaported ton pmaseace of bexokinsss T and ¥ 4o 411 5o ot
S 1w bt contd enly detart hexokinase I¥ omsesatonally. <3 zat
4nd dog Mvers on the otear hand, all thres hexeldinase lscensyess o= RN

e

RT3 a3 glecokinase heve houn found to be yesent (rawa ot al., 1967,
Soetton et al-, 1969 and Sato gt 1., 1969).

EE R

The bsency of glucoitness and bexokiszde TIT nd She predomizgce
of hasoinase TS dn Sumorous tissue of Yhssa kuman heprinas i simtier
%o 4t remiss Shas Bave bosa Taparted for fast-groriag To Beptaes Ty

Sato gp a1 (19690, otk the remadatory envzens Glucskinase, a8 VeI,

a2 bexckinase 11T predainate tn Hver.

Thens ary xeplaced Ty amo~
Sanso T, shish pedemiates 15 i Towtad Hver o in masrle Gt i

Eomcmaoguots tasse),  Thta could veflect a luse In he replateny

Peguiresents of Seuurdd of glyealysis and glasmeogenlrit In wpasonts. . © ! <

. 3 iy besaiiansa T bas & Bighr Mishaslis constent Tor glacoss theh
that o ¥

Scsiinase TEE {Orosatind und Sehdsin, 1966), 48 VXL
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* Frobabiy be Setier.adzpted bo cops Vith the high Bluot plucess levals. . -

. Iaiog e calle. .

s s i e i s s ottt
e sy b Ao e, Tmnmrsy a3 1
inmvited by hgh givirae levels an hexokinase I iz, 1t wild probedly . B

“dlso anmin a cousbart sbiisation of sl 7 e M i

) Fanding ¥hat Bosaidnase LI 18 Tare cettg him hexsclassn ;
T2 12 bos} stusue, end that hesoidnase T predeninatas in ooz Hime;
herass fwrokinase TTE 43 lov or absank from thia tismue could imdicate
ehanges effected by repression and deropression of ganes rather than
deletion of genes,  If gones wara daloted cne v find etvher me o
e her of thess soenirass nd 20t both togetier at the swme tine 34

ves fownd iz the present stoly.  Toese Tewits sE1A also indiesty

that the ot tissue 1n wdor the dnflvende oF sffested by e freseice
of ths eancer (see Bistussion, Chapter T). =]
Tha finding of a gradeticn of changes $a 108 pyruvate Kinase fa+
eryme pettern T the Freddminanco of /3% T 0ves type ¥ pyruvats Kimss
S0 nocm 15707, 40 & slatlar fwEportlon of thisa tcenzynes in bast Ho-
ste oonld agsin Indiexta charges slfosted iy FAfrestion snd dureffession
omse Tosuita Also Tovodl the Teplacemy of the repilatory it

at gonas.
$77 L tscenayme thel rodsuinster £ pinconeogeic s for oos that
45 forad on aon-glichasogarto Sissus. .  sintlar chings tn the progertisd
42 types & 08 X precrate binases basbon separted fox xat bopetonus by’
Bt ot g1, (1966). f "
The tindisy #has matnly Sepo § pyrevste Kizors pursiste in bmmic
s cordecpint bo tha sesmlls seported for Tast-grosiag rab hapatos
io {purtns gt52., 1560, " 3% X Lscenzym of Hanne ippa byputenas )1 =




« Sme g

: S g 0 et SISy Yo the mbncn or tyge M pivavate Minasé, 1 7S

& Cging cellulose acetate elartropharesis in 10 Tris-HUL buffer, ph ° T
7i5, falor #b al.y 1967 shoed Yhad Hho gyruvate kinsem of %A rab

17 fipctonap Hhr s auefarent adeohresharesde ity So Shes of macle

Ctpe B Aaam, Grken (1563 et th pamee of o o Lo+

engyms in Tast-growing oa; hepatams. )
The finding of a single Muodis s -5lyoerolphosphuts dehydrogensds.

e f astress abmsibio 1 e tiret b e enid |
(7ig. 3.Kia) confirme the kinetic essaye where e activity: of this
o 2 ot 0 ccatdaaly e n e oo T
auta 150 1ndioats thet the scbivity difricansos found betueon She
noemel, hoot 08 Saseur sasyes are ot dne 43 dsomsayme ifferiaces.
i 4 e Snontod wih th it of 7 eterees T S actite
delydrogenase, triosaphoughate Txcserase and milate detpdroganase

Sscensymes n the Euftumeny Hissus dypee tested,  Gaaver, alecizo-

Frovetis stuties usler teront contih.ins nay, UL yield Gifference
Fartharsoce, slectreghosasis of othar giscoss metabolising sames

partiealanly iba key onen sueh o5
and phosphetractoiinass nay 4190 iad iaterestiry #ifferencen Atk

these aLfgarant tissus trpes.
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& Baste vorifieation

Yeterinis

The tismns and Tesgants vood sere av deveribed in Chapiers TT
vt T2, Natarials and Nethods section Sith & fow adttrions, -

: i
Tho don achangera, DEAS- and SD-Ssphadex: 4-50 wre’ chtated Zrom g
Phormaods, Tpssla vbersas Gi~cellulose nd Phosphocelluloss vore notrid
£rem the Yhatnmn Cargary, These

o a1l purisied fy the method dasoribod (L s

1y etaraon’snt Seber (1562).

‘Sophadez 4-200 and Septader: 0-25 mre obbatued Cran Pharmabia,
tppaals,

Galetun Phosphate gol vas raparad according 0 350 method of

Resis and tartruo (1938),  Aquecide vas cbbataed from Caddosk: ..
% Tatheds . S
a0 my sethos : N

Turoughoit the JTEf1cation procsdire wnd Sn e11 the MietisaruRiaE
rnte Hinssa e assioRd spsctropistanstzieally ustag o Uasean 57,200 -
seseiing apschropnabuiter b ater 26 30° cirealating drengt 5 501,
v, The g v gpasped oy ouplin et fam o Tabkre.
oot and goioui tha sanbion"o WA . 300 4

P S

ha sfandant meastinn i sopistued 15 & ZinaE vl atlnl:( )

T
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B i : i
0t et Santon 08 e, 7 Ty 0 el 58 i e G,

A 2263, 0.1 361, 300t 5B, . JOF, WY Jaobete Geryeropunase, 0,15 WISE

and s ouitakls asout of $he pyruvate Mnase prepavetim.

o i et 0 i st e i 8
cldation oF inele of DR pos stavde, sssicing the sclar wxtiuctled |
sobTiotest, Zor TNK $o by 6,22 % 300 at s (Hacacker and Yorabere,,
15u8).  Tha specifia activity is the activity por midligeam of protein.
o i it e et bt i o ey et i/

Qsta).” .

b. | Barbiad peiricetion mosedwe

¥
421 the follovtag purication procederos veus ALYy cxrried .

ot on noraal adsl, bomsn Mver. T Cinal perdEosbhon procoture Adested”

was Inter adapbod to Wepstome. _ ALl aanipulations vere performsd st 3G i

[ A———

S Bemotion of e erme B
Joproxtately S-i0g. of iver vare uuslly enploped. ha' suepme

a5 axbractod 1n § veben of homgealsing waciis o Sosbribed proviotaly

{Chagher T~ othnts and Hatartals). .

St stonr spermstans obtetand, after hinvgonizision asd Santri-
fugation, vas destynated the cruda frachicn and waz used Zos ha piriffes-
. jeld frectimeiton :
T orutn ickion vas Sividét oo Uims porelond; T PG g
& these vus adjusted to 5.2, U.b and h.2 respoctively vith acld SH mestic




[ acld. : After Seutrifuging of 36,000g for 10 mimubas at 4°C, the PR of
S aprmitants vre athatad 0 1 vith e by o comvitig
gt ob 55,0002 10 mimates a8 10, The pyrwras kinass astivity
ot $a tho cosr mgerts. .

Sypiead veaula for thia pitisation siup e sbown fa T Ll ]
i purstication factor of Lk vas shtatont Sogei with 6.5 vield wher
4 38 B beon aijustad 0 5.2 On the otbar bund, when, bhe o T b
atjucted 0 6 o .2 wo puriSioatton and yislds of 9.4 A 12LH o

Tospurraly vere obtatmed,

4. Tirst swemn sagute frcyiowston

To the crade fraction thet was beng stiread gently at 4°C, salid
‘oeoniu sulghste was slovly edded wmbil 257 satirgtion wes reached,
706/1007L wat Saken %o be eqmivalent to 1006 saturstion st ¥°C (Peswon sb
.y 1965).  Toe solution ves rizred for  furtbor 10 ins md conted-
uged at k°C In an VSE Mgh spesd 18 refrigeruted cerbrifuge &b 36,0008

for 10mins.  The previpitate, Wideh generally omatead vary Hekts
yrursta Ktnase sctirify wes diecarded, 30144 wmontem sulphste Ton added
%o the clagr mpbrastent to 05 sibwration nd the precipiiste aotlectod
as adova. - The resulting precipitate, Whidh contatned the eneye; vas e
Gamoivad n 0.005% canolylato-TaGs Wuffar, §K 6.2, contulntng 0.5 euzss,
2,550 TA aod 0,724 ¢ sod Aalyned for 1 I agsiset Uida solubion.
Syptsel resulie of Yhds pusisiention ave shown in Table 2. Tha
hap gave s 1L7-200 purstication and BIF Y.
> o
. festons roottonsbion g A

it v cptogiestions of elactrolyies ners asapAsl fo wdie t T,
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Suiedn a good pirification with wetese frasticnabien, the 25-50%
amenim slgeate frastion, Waish'ymerally mocetsd this ctap, vaz
dtalyzed for 1 3 490 as doscriad vave,

tp nathod need vas sintlar to that deseribed by Tantka gt .

f587a) Fis. scotone ab 5% vay sewly 20804 0 & semconirtion of
23t (/%) o the dtalymate.  Durleg tho addition the solutis uea cow- 7 b
stantly boing Stdrred <bile being kapt on & Salted foa-bath at 0°C, »
The sckhion ¥as Tmediitaly cemiriruged ot 36,0908 for 0 mine a%

-15°0 and the Jrecipltate discamiud, The Glear sopermoteah wat cdoled

to 27 5 2 scotone, dry-ion buth,  Asatons (159} s adéed to

thto supemabest to 2 osmeemtrabion of 5K (v/v) s tha precipitats
collemiad as above, Toe acetoms was Teasvod from the pTeGtFitate ty
Dassing @ stresn of pitrogen over 4t sunface. The procipitate vas then

dtaseivnd to 6,025 2ris-ACL bulfer, s 7k containing 0S¥ cuczeso, 2,5

LA an8 O IOY. i his solutton vae gonarally Sarold, £ vas agadn
semvrifuged at 36,0005 for 10 wins ab h°C sud the pmip-lnw dilwndui,
ho clear sumacoatint, cortatond alL the gyrimate Kinase asbevkéys

Sypleal regults sbiained With his Froosdury ave swmarised tn [}
Table h.3. This step gave a 2.0 fold purificstion and 83.5% yleld.

v. | gesond smentm sulimats Seactionstion

fy cutetag fier wmeniim sulghats fERcUEnY ot only pALE the
sneyas 0 parizind fortass, ot tha wo syrorsta Kinssn Lsoanames wresert
<n Mver extrastEvould bo separated. This procedure of swpardting iypes
R AT et s o ety o Soeetnd by P 8
s, \

The scatonn gractionatics step procedad this ston.
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70 e pertHall HotCied spime, soltd (1,80, vor ndded fo ¢ _
25 saterstion as described wmdsf the £ivet amortim slphate Sractionss;
vion. o ssonton e cnsitetoton vyt sasand by preri=1 i
ey 6 tnckoostn ik 65 swmrtion s stz e pesipialgs
cotasned iftor aseh smoniam sulphite Craotimebion wete Fodtasaivad fn

¥

0,025 Prta-fi, burter, pH 7.k contatning 0.5% suerose, 2.5 DA 4l
0358 1, Sagad 50 it st ity 58 losecpioend 3n
Cider 4o erify the Liviasme seperaticn,

35 a1}, peesent 1n Shesn sclutiens vas Cound o atfoot
4t alosiroptorasts, shete (0,150 eliqus) vere firet deaaltad o &
‘Sepsde 025 calim (2% x 0,27 theb Tad previouaty been oquilibrated
st 0,028 Tefa-H butte, 7 Tk cmtaisto .5 sucross, 2,591 SITA
¢ 0352 IZT.  The alevizephoretic eomigue s shetn st vas afsfler
to thit dasersbad 1 Chastar IXT, Hothods asd Results soctions, ‘sxspt
thet both ¢ sleutrode and bridga Mffer were adlusted o 8 6.0 dstead
ot 70

yptex) rasuits of she prificetion and separation of the 3

eraas htsszed by s peocete e sumsioed 1n Table L ot are
o 5 Fig. b3, Toe oot el and periioations wors obiafrod ik
tho. 25-315 sna D-37S Amoniun swiphate fractions, which .«.ul,..a oy
550 5 ot Kiuese, 2o tho atapn gave s pprectd s £
purificabion and & totel yield of 62.55. Witk the excoption cf thé kg
§32 aontim sdptate Sraction Waloh kave a 1.2 fold purifiestion wd L
32,3 iela, sa1 e resaining wmovtin sulsbte fractions gash o Stolée
it o ErLElcation. AL theso Crastions oomtalnad orly $17e K prrovats
Xinasa, the only exoeption being the 37-43% ammonime selphate fraction,
et sonketne aint braces f Bbh dsoensyses (Fig. kA N
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aitforent (1,190, fractions. oo pyruvate Kisese
4s0eneymes wero wien as the differemca betyten gels
avalopsd 4n the pyrerate iness staln (a) i the
Adenylats inase (5) a blat stases (e).
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Toe rectittste. of Sha 25-0% whmntna siiphate Trastlon, Ay
o un Eissclied 'l Satyad  dgednnd & .02 odeodilate 0.0 Buis; ¢ ¢
& 6,05 idtvure somtatatog 0.5 sucrosn, 2.5 E0A and 05X DFEy e
xe2 21 e step.

T calietan shorhate £2] was onelTTbiuted VIh e sforenmisived
cxodtiztorrts atibere. ¥

Smsesstve guntitien of oxletm shosphete vars afied to Wa |
enzy, WL 1% vas casletsly afsorbed b0 Gue Calekun phasstte. | e
encpee vao ¥hen diutad reo the gl WA O.TH KO) that Yad Yern afind 4o
he oquttancasing taffer

kol
A0 tiicetion 3 1 yidld vms Obieined 19k this mathed.
The Lo yIAMS Lo probebly due to the IEEIHan of the ence Ty Gt

vt In e orestemgty U Uy &

; Brotains can 3 sepataied with Som -xm. Soranatograpi atiher

Y colmm clramstopeaphy o batchuise elubio tecmimet, T cifder

Sonza the Sou exchungars vare 2ot sEOiraed Vith the sppECia
Yatiar (far debetls of the comosiiion of this bulter see Tabla LiS)i

iZiguots of tha finst arioniva sulpbate Sractimutiin vers T By
inds step.  Toelfe vero first dialyzed for 3 frs ot 4°6 agalont the bafer

et o wipyteizipa She fon exchengers.

1
e chrismtogdboy

e R L exshasgers wers pasind 2uto columy (12 2o} o wesbed
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2% oG Mpbstig batfar,  After, S 85£17eato 28 been apgiiad 1o
o0 crshangs oo, the exshange column s visbad, sither bl

A1 4t proteta thas 416 not adoort to tha excbecger vas Saind, o bt
21 the protetn €1 atscrh to the sehangurs, VAt 50 sqeiiiimating
wutfer, i Ste summs vas then elvied £raw the colum (DRAS-Sephadex) by,
Smmcapstag 3he onte strength 3n 3 stepeise mamer, by iking 0.0 %60,
DTG, D.35K KL 0,25 1O 20 e oquiiibrativg tarfer.  Buough
utfon was ueed a0 that a11 the proteta thet nes desdrordod ot & partima-
D s hrength el e slened.

26 peobetn could alée s slsbel by anplortng s Muear gratient :
Systam, 1.0, Macar Ineressa of the 541t ccoutration ad/er. chinge of
B, Alioerr gradtent fros 0,02k aeatate WiPrarpH § to 0.084 malats,
7 7 ¥a0 0% ©p dn ordar +o wlate the ensyme fre 2 hosphocelitoss

ol 100a oF eash butfer systen was used (Table b.5.).

Uith elther systan, Zal frastions wore collacted &y pessing the.
5 2uenk from tha colum, through a Uricord spactrophotaster Hiat g
2ttached to e LB Mrastion callector.

bt

butsa olatien techatme .

The deh oxchimrce vy £irst Fucksd Oy un 3 Buchnar fpmal.  Sef-

Saotons ansya vas thes et 0 75, 20 fovn o felek msporalen, Tl
a3 seizved rupuissly duriog Yoo W7 boer dxberva ut 36 e datt 20
stz 2t 1°0, T me thun swlod Gy m a Emer fumeZ and B,

S53traio sasaged Zer prumate Wineme wortuityl  (Fids prosese vus ze-

Festad ith eseh new adHVIon of Wifer b e 100 exchenger ). AfieE S
tho 2on axshrs snis ¥ashed Sviea w18 wqelifbcattag Wifer, fhe shayes.

a5 clnted (From S5-Sephadez, Tif-collvlods awd phovphaseTinlose) vith
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ey ha beon sdded,

T GisTorans, don axoharigors, equlibrating nixbures il mode 6F %,

oluticn of the. extpme used, 25 vell as the Teaults ObR. ‘e with these:
Seciintques are sumertodd In Tebis huF, ‘

o i 5 e b snn Sh o ey 55 4
enzyrie o ‘DAB-Sephadex resulted in 37F of the yrwvete Kinase activity
mob hedng advorbed onto the DEAR-Sopbadex. This fractica zave ali3 s
i Th e st S it 0 sk .24
gave e 3.2 and 3.8 fold parification, aod yislds af b,5% and 25,88
Tespectively. With the betchmdse slutivn tectniqus of wz‘.rrxu‘k&h-
envime from JEAE-Sephadex, 42.5% of the pyruvate. kinese sctivity was not B
ot i e gt o of 45 g it .1 s
0213 gov o st o 85 s 1 s St o 3.0 an 1.6 ‘
£aa mtins. .

Saaisn st of S sy v S S g 1. £t

pustticatdon end 206 yiald, tha exame vas eloted fres S-Seriader with
oagxa,

en wapliying the Batckrise eiutin Seohniqus FAth Gh-collnloss,
6 v, Found thsh Hhe onss cosla Do elnted Trom ot s a® ana
Sores. af Geesililois itn 0054 K. 0 pyesata izge agftetiy
.7 elubed froe the Na© fofn of Qi-oeldulose gave a 1.6 Joid purbtleation and
0% ia2s whorais 8 8.3 2624 porification ank 304 YAGH ves atfetosa it © .
o 6 Tomm 6 Ghontlutosn, A

The enzys’ could nob: i lutat fron the Posphocelluloss solym ;
& %




i Tonar grasiont. exgloped. snmu;'us{a o batettas lation
sodudiin; e coryse SwEd be olited by noressing tha Sons stromth
QBN Tls methi gve 2 26 yiel and & 137014 puesthetiar, |
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(7 Saphaier 0:200 16 ¢ cross Vried derima Gab acts 5t n-p]eiz‘.‘gr

St st o i i e o g -0 o
Tei208 25 e cnagie’ vas £oud 0 b wnatable on s colam,  Finilly, <
41 procadure of Taylox gh a2 (1965) vas adopted, vheraly the oatum

vas. eukiibrated wivh 0.6 ()80, The 0.54 0, 1,80, vab acdeat t5

ha 0088 Tris-HOL baftor, pR T sondeiaing O.5% suorose, 2.5 S

283 0,300 ITT that vux crigtnally Gsod 4o equiisbiate She Gephadex O-20.

he ansyme selutico.of tbe second amondim lghate Srictics s
s 0 4hiD staps Al thte solntion hat boan placed on b Sepbater
6230 coluan (95 % 1ea%), 44 was aduti from the colin itk the sixbure
wed Ao aquilibeate the colww, 2 lotasss vare nollected ad AstRyed
o0 prate Kimate activity. Those frastiens that contelned it bighich

Fpacific activity ware pocled. N < v

Typical restlts obboined with bhis procedure sre smmarized in v
Bt 16 e i 1.2, " The ey e o e i ol Scten
G et 20, b dhe ot bt oo wers ociedy A 2 €020

peTificstion snd ThF yield was stvaiued.
Lz, Goncestrsvion of ths ez

PR .
doun, by plestus them in iialyeds tibing and leaviag thew 1a dcquncidy
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" ovarnigat 4t 4°%0. o sigaificant Josy in avtiviiy was nobed whan e
sathod vas enplored.

Tastops exvhasge studies can be vsed a3 & eany of OWtaining

Surther tnformation o enama wecantms,  THs tackaigue wis IS
Sropasad Iy BayeT (1959) end daserived In datedl o Cleland (967}
Unlfkn £n1utal ave stoctes, isotops exvhanye stediss ara oarried et

nnex thasmodymamlo squilibric: conditioos, AL Feactants axa Fretent
2% cancenirationa such that there 1s wo e chemioal Feschion, Wt fhers
%411 bo & canetont tuxa over of substrates end jroducts,  MdLtion of &

aballed Toactant o such & systen vill perturb this equilthrtm ang
Fesuls T axchanga of Labal with onrtespoating producs, As $he concsne
Sration ‘of any Teactant paix ean'bo varled without affecting e dquilurtm,

Siia affect of Tnoveasiog the conconbratisn of 1a8tvidual vescient Betra on.
ha Smdtzal velootty of exchange mey be devermined uad frem 1 pattar
vtatnsd, the merhanizm.

Tho resgants used ware similar bo Shose descrized fn Chaptasw 1T

ang ITE - Maberiata end Hethots secbiana, with 3 Lo uiditisns,

280m0 of Mgaprrvvate (121, moi/rmede) wes obtabnad £rom Arecsim, . s
urth 5 s

Shis vas dsssnlved tn Ind of 7 Sthanol. b was disted
3 W0 of this as wsed pex sy °

230 457~ 3 3% (37 C3/eowle) wan obtained frox smarshan :ad dto-
a6t 10 In0 26 otianc.  This was @:2sted 10 inas asd 3071 af tes.
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o kil u-:{kwt‘ Ay, - B
maB-cctlnlosh paper (3-81) ws puxchaied from Wiatmmn, | Thts
o Hns digpad nba S Un, BOPA Just before use eid arted. B
3 Sotntillation geade 2,5 diskenylarsiale (FFO) mng 3,4 Biai/Fofi
nathylS-phiayLozassly) ) -enzena (dimntiyl. FOTOR) ware ootaisad fron
B ‘the Packard instrumnt compeny. = K g
< HgATE was ropared by mixdng equinclar smcunto of Vgl snd 2P,
o Hte, A0, 5P s pymuvate were 411 adfusted o B 9 with il ¢
2. patheds ! o
B L. Detersinetion or evobangs vates st ecnllfbrim T

The equalibrin comstart; for the pyruvate knsse reaitiss
Ko [monta]_fofuesi 5.0
=4 g
s takon 3o L 30 (Neluate md Wber, 1955). T mesction wlad
contained in & tobal volwme of o1, Soudi glycina-HaOk baffers pH 9.0,
Rt g, 0,250 KA, & Suttable amomt of enmyne <d pyrevate,
! ¥p4TP, 40P and PGP in varsous porporticns, but alviya Patpiatning egi-
Mot contbions. " fhe rshungs sate satiem 455« - 15t P s

B sstingfed obthex 40 the prasence of 2t #gATF, AN FEP and prrivate a0d
30 18 & U041 xatke oy with TR prrivate, 0.y ADP did P and TRE
4n 5 2:2 Tatio,  For the determination of n‘ﬂ-yynruw o FEF axgharge

¥ gpts, 7Y prrvate, 261 FOP and AP snd MOP tn & ratie of 100¢L were
S, e pretuotbasing 4 bésstion e for 36 pias it 30°C; e,
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e sessipn i stried by attog 10,6 of ot izad Jg-
Rrremate o iy e, itar quacity visiog, 35 aitquote vere it
i ¢ HamOion ayrivge st verioustne dntervals and spotiad axto Kk
Griated, DEgS-ooTlulone shromtossasty super (141 x &) to witah 3 T
of Whatmall's .1 Paper had been piused on op, Az the eomms ot
dspandens, 16 vee assused and aleo conficmed by spestropbobemetifs stndtay

that EDTA wouid stop thue xeasifon by cuelavins tha 37, .

45, " japiration and counting of yrevste and FEP and of 410 and I

s . pymuvate and Labeliad PEP vare seerated by ascenitas
chronatogray n 0.1 Tria-CL buster, B 7.4 for B ki ab Foom Sempara
ware.  On tha otter hand, the 415 y-3%P ont ZaseTied FEP were sspiratd

by developtag e chreaubograns £0% 3 bra &t Ficm terperatare i 4 0.1
armontan favmate-outter, B 3.1 contalning 5ef KP4, 2 avoesding shron
atogeaphy.

Aftor drytog the ahrenatagrans in the ovan ot 070, the posttima
of the phosphorous contatiing sompounds wars located by, dipping serker

steips comtalning theso conpaiads fnto the amsctsm Bolybaste shain
This staln constoby. of 8 veliies of & sélutien

extuod by Tomson (2969).

¥ comtateing 15 emenius nelybdate 10 BL B0, § vallwes of consemivated

W1, 3 volvmey of concentrated perchloric seid, 14 (0. 1.72)-and 86
setine f aostans. o sistpe vre Yhen ssed £ oravols Tighs

ant 5 st cntetoing Smprinds speaned a8 W spcta, Mg
saslasidn, 17, sl e etecod b hact, 4 ssofes shoe sty
“ PyTurate wax detectsd with e

e oo s s s,
e oo g, St o 4 3o s 0.5
| 2ttt i m 21 .70 e h b o
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e stain o e s el tgpnd s kb snbciion
Conhainiag 26 a0k 5 0% sttanel (suith and S, 1969% 03

After sseing, the tesb stripn casiing e Lavilad ZEF ware
eub out; riuted engthatas tisornad tn 158 seinvilater (7.5 - PRD st
250 atsebhgl, POROP 4n 24 Titros tulusma) and countes g0 & Packard
Frafans Mquid setntilistion couter.

T pesdis
3. . Partiad paritiostion of pyrisats Minses fran tunan Myer
() Pasiad pueirication of Jiver tybe T pryuvets Kissse fre

851t huan Jver

Tha purtfioation steps that gave the best Frifiortion and riedds
e cosbined 62 give the purirication Deocedure dezaribad baley:

e anzyme vas axtracted and sudoctsd to the £ixst ameatim
sghste fractieation. Tt was then dlalysed for 3 b, sabjected %o

asatons frsctionseton end 3 suoomd smentun suphats Sraotissstion,
Atar th snson ansonlin sulghate raciiemntion, 1t wea applled bo.s
Stphade -0 aolims,  The ot restvs oluata Sctions vare' acbinel

sud stored st K90 wndl socuirad for Kinetto aperinicte.  The ez '
w35 Soud bo be etable for sevaral mmtis £a Shfs Tom- ’

{40’ sbovs mentionad stapy have besn desosfbed tn datad) wader
e mathode section. e is Mom in Hakle .7 , Wiy pritteetion
sequenie gave di crarsl yiels of 195 et a .3 fold purerielbgon Gree
thn 1e4t8al wrado oxtcact;  Thie Fartielly purizsed propuxaticn vas oind
40 contasa apsrosinately 1257 adonylate Kinésn actnity, 0.3, ewolnin ;
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" and 1,568 mraclase sctsity.

. Vata kiasse actisity ms fomd In the S0-10% precigitate of the firet

-8 -

8) . ptgel puritiestion of hepstona type N pyviate kinase

50 procedurs and soguence wsed te purity typs N pate Kinaze
Sron cancérons t1saue. of hepatons oontetuing 1ivers sre sumarised in
2a1e LS. i

Fron Table 48 34 450 ba ssen that the porification oteps and
soquence used vero siatlar %o thooe usad to partislly mrity nowmal liver
trpe % prrnate kisase, the caly d1fferance being hat most of the gL

amenn sulphate fracticastlon step sud ia the 50656 Sractiva of the

sacond smontux selpiate fractimation stap.  ALso with She sostems
Eractionation siap, the eniyme could omly b6 precipitated st & concentve-
+aon of b,

By watag the procadara and sequidos shown in Tasle .8 & 356
s01d and & 2.5 £old purificubion over the crade preparetim wex oNialuat.
Paritally purifiad praperstions of Uls eosyms v fousd o contain O.X7F
stolass st 2,128 stelate Kinase achivity.

(e} Partisl pursfication of huwan fostel typ M pyrovato insse

Toom Table 4.9 1 oan by seen that 76.8% of tha total gyrurste
kinsse sottvity of footal TAVer s found 1 tha 0-50% ssmentun sulpiste
Sraction, wnd 23,48 in the 56707 eswontan slghate Srickion.  Tiie ‘

Lattor menttonsd fraction oontatus cnly tha H dscaniyms.
Athongh typs ¥ prravate kinasa 0l not scnstitabe the mados pros
porton of the sotal prrivets iasss ackliity of Zoeial Liver, s

Saeanynn wip Surbher pritied In ondar 45 yasast vhether 1ts propartisy
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iz, 5,135 ant Ll3e shov the Temilts cbéained vbe o6 Rapators
40 Zaata. types I gyrevate anses vere estissied as Suwitins [ e
citeato comentrotion,  Teon the T ploh af fhe duke, Ky valdfe 2o
attrata of 13,5 vare dstesnsd Tor tos epstona Lacensyme (tnsef, Fig;
4159) and of 12,050t re chtatoad Zar he Foatel Sacsnaywe (inebt, Fig.

4.330). s the FAIL plobs vare nob Hasar {issets, Figs, 113t et o),
tho 1, vedies chates wtth both Whe hepatoa and fostal taynes fFran Lh
0 2.4 (sepatoum) o fron 1,k v 2.8 (foetd) ot <h Lowiand Eih cttrate
Javsts cospestively,  dn D, TP entivniad botk these, ﬂnwuw 5 it
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| sotion artxtnad gt m;m ctarath Jovols 4 b mupgransed)

ive Dletamie -
| .
e Ton2ta ofiained vhan the Rarsel Livax dhpe.T: pravate Kinase
asttviy vas plostadian 2 Funobion of 105 Tieeleninn sonéanteation wxe
o st 43 mig. Wit - 4 3y vader et o By Sor Dh-sdanio of 1,04k
0,631 reapoctivaly woza Stistnnd. s oun be coan 'Sn Tig. blla,

2% 728 avhiveted the anizre and Toverssd the Sabtltien, < m ®

Fige. B and kudiie shov the restlis obtalned when the bepa-
tar. ent Soetel, typas ¥ prvavate Kinass vase askissted a5 functing of
s Di-alortns Javide.  Hth ta epaioma by ¥ pyrevate Yinmssy & By,
olta Sor Tiealaatne of 0,52 and g vilins thab changed frem 1.7 6
tam how Dlnataring ko S0 0.5 . tho high vero ovtetied fros
282 plob of the eata (tumet, Tig, k). Wieh the'Sostad o ¥ s
vebe dinsco, a Ky valow of 2,100 end 1 values Yab ohaaged frem 1.7 &

Gin Lo Di-alacitng Tavele o 0.5 3% the bigh omes vae okttt fros 3111
plau of the dta (ineet, ¥ig, h.lbo). Thus both the hepetvma and

fostal type i LSoengyues displey positive oleparative inberaction zb low .
Ti-alandoe levels, ‘ ;

* " the swmmry of the Tésuite n Tale k12 shows, Sha uimel il

® 355w e L pyravath Kivass Vas e uscepti to A2 IRbISLon
g5 0.650) than stsber tin Soetd g 5.2 ont s 5y » St
5. typas & prrowata inasse. $he L Sxonapms won Rlso nvs sualemile bo
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% otbvits thstion (k8 Soont) than evthor the Tootal (Ky & 1hiSa) v
o= Bopstana (K @ 12,0a) davensyan, - On the ot¥er hind, 46 wia Tevs
ussapiants o (5 w 12D, e oot sttlar senstinity o D

* el (R 470, €3a1) iehinshion as She  Lacanapa, Ty viues S

L of 55 and s, shilet By iodues Sow Dicalenive ot 0,524% 0l 040
i vere, s3bained for hegatona snd Tostel types U spravale kingsas raspes
#erely, ineiceting thet the susceptibility of these tuo Lssemynsd bo .\
these InkIbTors ves sinilar. : J

I acuivrted nomal ver frpe b yyrerats kinggo, docreased d4
emscnpuaitiity of this Sscensyro o ATF (R » klat) i cttants (8 v
Thf) Snbivition,  On the other band, FOP fncremsed $hx sonstivid) o
HP (K = €0.201).  4e x yemdb of Uoa, the Ky vaduss abteined rosenklad

ihasa of patona and Toetal P X prrwvato Kinates.  Athough FF
asviated both the hapstoma and Sotsl tpus I prricats Kinssds wedeh
cestain condttions (aop esove) £ d1a not 4" 3t Shasx Ky valoss fox 428y
a7 o stsrete.

o, 1gm, requtresants 0

Brruvte Kinse hat an abeolive requiranent for magnestim.  Wowt
evor, 4n onder ©o ssasss Huother napnesium binds a3 froe magnssims oF
coplomad vith AP ks NGADR, he acbivity of noma: Lwer 475 Lppwate
tnass was osslanted a5 = funotica of the tokal YgiR, ow in the pressncs
at vartous constant 40P concentrations. Tha Remulis s chiassed s’
‘shin in B, 115 whare £ can 29 eon hat'an Inccwase of activeity with

Anexsaring FChy Jively i oibatvad. Vel activity ves. obtateed v

Setoen 5 ond I 1015, -comertrettens i s RCL3,

aetivity deconmad sleadily tn a1 Gaaa.
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Ao g 22 0 Ty Tl el or apbim scherity
¢ viriaa K0P Zomodi ool b vewrloskd aver ush & vide asgs o
01, Tewnln, thn settriey of Tiver type 1 spromata‘icinase vas, estipated
ot 5 mRcroNer Tengs of gty oo TADHE,  The rerults btatned afe
shown 35 e, b.26,  from whsch £ oo ba e Uit 1 he Framenie.nt |
.15 407, meximm astévity vas viatued ot ott WOL,, vhiress 42 the
Srvsese of 334 137, T 4Tt vt nqsird £ macon etk e
shifted atigily o SN, : SOl

(V) The et of AOF and TP on the W, equizestnis 3
Hre tr L prronate Wi

Fig. b.17 shows the rasulto obtalned whon Sbe pyreTaie. inase?”
vty van cotinted an » fnction of the T60L comsobatton tn b

prossnce of Ju# FEP, Jn¥ ADP a3 vell as in tha presence of constent T
lavels of eithax EOF, AP or ATF ¢ TP, .

From T, .2, 40 can be sven skt i the shonce of ottectal
i sovieicy vas cotalued botmesa  axd 20t Hgchy. O 7
setivated the erayme and Pormitted Sull aciividy of tbe enzyms £0 be
obtatned at 30 MLy, ¥ ATP dubdbdted the one and dnckeased S
Y, epiom o G o s S, a2l < A 40 45
eaction wixtury 0% only Lnhfbliel tha enzyma furbher, But anhanced
4 alloutrs vespmes of Ho snayea.at Sho 10 KO, Temle go skiPic
oty i ki 5 e s
0.1 D7 Sogattes vith ol 07 dctiated e anizsh s shistod the Mg,
optiium to S, Tiis sctivetion tonreirid i fnesossd Fer, and oy
s 502 Ko 014 Hhke aetivetian m@m f.) mam, o the cantool
(up sifector), Fnver, the
el lemls', (o 8-10mH) was 2o
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Eftact of daristim in the tofal wagnesiun conéenixation (Hgel,) on she
fnivial vslostty of rormal musan adelt liver iype L pyruvate © inase at
axlous fixed A levels. Reaction mixtures rortained 30uM txbusbancd
anina-iigh Dutfer ,pH 7.4, 12,3k EDTA, O.IN KCL and 1M PEP n 1.0m3 ‘i0

adaizich to HCly, ADP, H5DN,/LDH and emsyae.
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of D15 FIP wicos,  fithough the kineties ovtalnsd 1n Uhe pressuca f
0.1o0f FOP amd lat ATP veve SUILL signcidel, THe SgRSLALERLY %as las |
than that cbtaled in he presence of Il NP,

) bfeot ot 4TP and T o the O, Tequirenssts of hopstous
et e n Tifla izuels of bomiony

Mz D28 shovs the Tesults sbbaiped Wam bupatona type K pyruvate
\thase vonexttaata 55 s Susobien o th M, Lered Ln the pesste of
0.0 FEP 534 i S0P a8 11 2 S bhn proshoan of TOF, 41 ox 02+
. :

Foom FAE. .38, It can be geen thot in 4be aboenoe of effeskar; g
susion acbivity san avbatoed o By Jomls abors b 0.1 752 b
20 sifact on S5 aneys o G th T, el equtond f opiiacm
sctietiy.  On the otbr b, Ial A7 Sabibited the snepea allsterisally
s T ot S B, K 07955 o
Teation mixtars centalming hel AP, elixinsted tne allmstaric Lohipition
of the amymo cbtetosd 15 Xe fesense of AT at the lov Xl levals buk
Ta no ffect at the high KeTl, lomls. .

(0)  Eifeh o 7P snd ¥IP on Yhe W), reuiremests of foctal
‘e ¥ e Hoate

Sho serclts cbtatont - shen Doctal 70 X pyruvate kisess activiy
as astinated oder tbe arms contHions 28 bepatin e N p7EVTaR Kinsin
24 shorn 15 P, 1.1, fron vbch 33 can b seen thet da the shtcacs of

aciostar, wiximn activity wus ohsined at S Welly,  Telika U Tosutie
aotpsned vith tha beputams Snoscoyas, 6 wey Tomnd St 0.1 T activatad
Sita tuveniyae =t Jawla B Bl below SaK,  Bowovas, Ou3al P pud n0

etfoct on 4ho anayos sbove 5o HGTL,.  FDP dlso shilied ton YOy epticmm
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sltgauiy to Ik, - Oa thn othas tncd, ikl ATP tabibited thn eniys $21o°
Starteally and ehiftad tha KL, optirm to Ga. A3 with tegatens fyre
 ppreraty ase, thls allosterds FRED 26 lov KL, dewele st
52 slninatod by a3dition oF 0.1 TOF o She resstion mixiure coutaintog
I e, dgatn, YIP van Comnt o nctivete he syms that i dabdbsted
P 45 By A, e o e 2 e, S bigh o, Jnin,

D Mchaels censtamt

(o} Horsal adute Mear type 3 ppruvate isanss B

1. Micheolts constasts fox AP and PEP tn the shownce of JUB

Howasver Bk slots of restsrossl velocity verens eciponsl P
concemtration st various coustust luwels of 7EP {Mig. L.20) gave & serics
Lof steatght Mnes thet torped wp ok the Righ ADF levels, tndioating
isbibitten st bigh 07 levels.  Tds Sabbitien was fomd To e dipenimt
n the PP consuntration, being highes vt lov FEP Lovels nd efntantod 3t
the bagher cumseutrationt of FIP.  Woen the Yiasar pertiin of thess flots
was extrapolated tackvards, o desles of Tiues veve astaded et ot 44

absctass ot difforent potnts, showing Yt the erperent Miotaemds coistant
fax 2DP of normal sdult Mver trpn L pyruvate kinhe eTied wiih the FEP
conseatratton.

Womn 1 data in Pige b2 vere replotted ax e rendprocal
ity wassms e rectsposal FEF cmcambratios 4 vatiois constact

Sevels of A0, tho Tss oviatond, v upease st th Tow PP Teveis
weflasttag allesteris Wnettob-{vig. .13,

The wedn chtitoed frm of the
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st phors fitarsapts on ihe scdinate vere sGosted, dpstnet thn Shetgivosk
Aeve 6 40 varted tubetivia‘sooorting $0 i Astind of Flortst su
Voytting (1957). , The results obbesued frem avch ssooadesy plobe ara 3
Whdm 1o dotted Muos n Figs. k2D and b2, In onder %o deternime
o Hchiults constant for ATF, the inbercapt oa o ordinate (1.
ntioita FEP avola) were ovbatnad by exteapdlating the s’ chieisad
20 4g, 4,21 beclstards to cob the ondihita,  Sinilerty, the Mchaslta
sonstant, for PP wes dsterized by extrapelatiag the surve abtatzsd from
the sasondary plot of e data (1.e. inftuite ADP ievals) o out the
sbsitasa.  Boen roch Teplots, Mohaelis sonstante of spprerinsialy
56 fax ALP and QLGS for FEP vere obtetned. :

®

43, Michaalts conatants for ADP and PEP in the presence of 0.InN FRE

it TP shifts bhe Kinetias from sigmaial to Syperbelte o MohaiHisy
Fitan, tho Hiohaslis constants, for ADP end PEP wuve astimted in fhe
‘Tssence of 0,1nM TP iu ander o determine how FIP Gould affect thom.

However, as oan be yean from Fig h.22a, estimation of tha pyrmvata
Kinasa st varions AOF censenteations and dEffovent constant PEP Jevels 15

e prosence of O.1ui FIP gavo rids %o non-Rineer plats, ¢ Fros bho Thno-
n that & seies of Linss ¢

areg sk plots of Pig. b2, £ oo bn
va Sotatned sk curved down st hgh AP 10 A Javals, Sefieotisg
astivation. - I these lines were extrapolated backwards (these .re;ﬁxim
35 dovtod Tinas dn Fig. h.22a) they out toe abseisan st diffarent POYAES,

e bagh ATP Lavela and at comsntabions o FEP bulow 0.1 Gemne Timen {74

urvad uprards i5dleating Iisibition &t Rgh OF Tovels; 5
2 tha lines portim of Haese Huas ¥ estrapolebed bucki inds, ¢
* ress 41l mRt 4% & point on tha absolsss exoept fon this Mne obfatmed with
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0.6 <ba 0,05 FEP, Th cob, e abacions 26 & dtfterent ot

Those rocults ntlista hab e sppurest Wiokaelds sonstast o 457 1 ¢ <
‘the presency’ of 0.2 FOP was hzdlpind.vnt of tho FEP lavals slioys 021

57 < spindont, o tha 5 conservration belav 0. FEP.. I

aparont Hichekits comstant of 0,125 wan abtatmeasfor 0P tn the .
presence of O.1mM FDP and PEP levsla abovs 0,13, A 0.076m end

0,050 PeF, the apparent Mishuslis ccartant for A5F tn e preseroe ot

0,208 ¥DP docreased o 0,058, ’ Y

From F1g. 4,220, 4% cah bn soon that similic Fessits vexe ohisised

A5 the prosence of 00T wnd 0,05 FIF,

Fig. L2 shos  veplat of the data as ntercest on ordinate;
(cbtatued fran the Tisas poctic of thm He) versus i sociprona’
PER leval.  Woom khle secocsury plob, 1h cen e emen, Thek the sigeetdnd
matics displasod by norsal diver bype L poruvate Kinase with Faiiect b
FEP (o0s g, hi20.) e slintnated, orlhersas, + Hishaalls constint
Sor PGP of 0,07 xas abbatand 1n the presence of O30 P, Thls i5
conaiderably Jover than the vilue of 0.3 feund ia the sbocmse of FOF;

) Hepatoma type N myrwwate kizsse

v P 125 16 s 9 seen the hneresver Dk slats o B T
svciroesl valocity varans A5 ecdpocsl AP consenteations st variens
constant levels of FEP gave .a series of strafight 1ines that met ab a &
Fotnt ca the bacigss Dndicating that the Mchaalds constant Tor 409 a5
Ladegondent of the FEF level. fFrom this plot, b Michaalts conotant
2o 40P ey Tound to B B.26.

e roplat of the Hsta, a9, Feoiprocal valacity vorsus the restpro-
R FEP dencentratich st Various-sonstant lovels of ADP, geve a seria¥ of
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i e st St By 1 v e et 5,6
and 0,288 ABP, :
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Stk ot of sactyece ekesay eseis b rdiprcel 07 e
st ahtSsnont conshart 2evela of P, and Ve neplat 186 Tecaprosel
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20th rodusty (1.9. M2 o yymweste) w Hie veloalty'of e Feaction
witan vna of the substratos i5 varied Wil the othir 1s WPt ab constant

Pt satrating Ievels, The effect of myravate ool hoverer not bb - -
Fiudisd with fho asaa fyvienm exploved, for the Frrwvats kineon adhivity

as astinaied by Tedueing the pyruvata fomad from tbe pyruvate kinsss . O
‘yeaction to lactate.

Hovt produst iahinitar studies Uns far carsied out o nop fuke
Anto accoms, the chelation of fres ¥ Uy AP s ths shabAlity cone
bt fur YgATE 1o gh, 1P 1L Tomily Sorm YEAtP sempleces in b
prvsence of Hg", Therefore 1f P is nerely asisd o the reactian mixe
“re veed Tor the estination of Nschsdlia constants, fohibtios ust only

e 4o 7 vab also dus to the chelation of Free nsgmesian Yy 7P il
e citatzed, 00 the ctbar and, 48 coa sasmmar O KGAZP 2L be
obtained 4f aguivelar quntitles of Mg® md AP ere firet mized, then
sdttion of thix selubion to the reaction nixture alroudy conbatrjog K™
LI et n Sabbitin den to A2,

n caso tho mode of ATP inhtbition Nus slbered, snd in arder 1
00 viboter the Tesults cbtained 31 the Fresemt stody VEth husa pyrevsle
Yingsa were avoparatle 4o thoss abtatned frea ottes earces, most of ths
irparing,

ohbta,  Tn orese o Mstinguiabetuoen Uue o Rthods, the k. iii 7
o2 570 o the’ reasticn wistaro bms Aerely oms ecTed Y 85 472 cveR
Goonghs 18 Tors YATE semlases e o Tostin e, MOLtER of

BATF has however haen rafarved o aa VTP,

() Normad Itver tppe I pyrovete kivass.
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ostpronal ADP oonventrabion kb oonstant S VEP oid verimus ftaed
TS 2ovede bre shwm ta Big. b2t . ;

Srom Pig. 1.2, 1t can be soan 48ab & sexion of stritght aia
g obteload shat ot th crtisate . ALfFerens patate, indisghing $het
400 Amhttton Unbioen ATE e HEATP wan non-ccapselttve.  These Jomss
oxt the aboctea 2t &furmct prints sud sat ot & patoh bolow tae sboctsse,
Joore B YgHTP 5o Fusthor 1M wea Selred.  Beomse of Hhts the,

raplot of tha data 25 datercapt on Ui créinats varsus tie BT cimode
ration gave hyperiibie SnbEtien (Fig. 428, Taset).

s rwsits cbbataed wben the Foctorocal Wloctty vas plobted
sgatnat sis Teotproosl ALP ccnmentration 3t YA FEP st various conash
Yevels of 57 (Fig. 1.29) were sisiler to those cbtained vith FGATP. The
Lies sbeized aut tae ordtnate and swociasa ot &ifferent polats ad set
4t o potat below b abscissa.  As o0 VEP ver whod, Shn Sshibivien of
the onayse st BEgh Tevels of ADP becama spparenh. s abcun in She dnaet,

of 7ig. 8,25, tha Teplot of "o 43t a3 Lntarsept ca the crdinate vorms, ¢
e AP comenration gave nea-linesr LnHYn e S0 the chelation of
tho 2vee K5 vy ATP. !

Fig. 1,30 shuws the pemitin Sobatosd ahen the Tectprocal velactty
was plabted agatnst 4k ectprocal FEY comembrabion in the reseoce of
00208 ADP 228 various coostest NgA? levels (0Ll (0P was used a3 hizh
1% 2veds are tobteitary).

Sron Pig. 30,04 can be ssan thes due ' the sldesterds proper-
Ao of he e wEth respact o A2, & series o conouvs curees era
Ghtefnsd. Thede cuo-the ovdinate 2 2 poimt Whet wrtrapletei Gacfuasd,
Snticotiog thet the LntEiblcn betiesa FEF md NEktP vas comeitiin.

4




Figy <.28.

Dubte reciprocas plots of nitial velosity va ADP concentration ay variou

Sxed Vewals of MaATR for normal adult human Liver type U gyrwate Kiness.
e u..ma.. miturs contained S0mM tristhanalanino-il It for o8 1.8,
a3, 1099 NCl,, 0.2 K1 and San PEY in addition to AOP FONT, O.1umK WADE,

au Tictace o aenylioginase ank enavae pEsparation 1n 10w, Vercity 1o
Sai a5 "The changs of CDgeq per obuter

Toeet.  Replot of vereical infevcepts vs. HNTP concemtiation -
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Bouwplo resiprocal plots of initial velocity us. AUP concentration a
arious fixed levels
e

of & for nomat ad

dult huser 1iver type L pyvuvate
s as In Fig. 4.28 except that 1M PEP, and ATPwere used:
Imset, Roplot of varticsl lotarcepts va, AT canceniration
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Flg. 4.3, Double rectprocat plots of nktial velosity vs. PP cencenteation o

4 s
50M EDTA, 1 + G.LH KCI, and 0.4z ADP

0156 NioH, 40 CoiiPind anayme pecpara
T e,
Bart” “Tepter ot BT velocity vs.

Eaat sy sGuLi Liver pyevate kinase.

Son in 1.081.  Veloeity

PEP concentration.




Furtsasiors, from Fig. K30 as wall'ss the fnset, uhare dntidel velsoit

T
BT

vas oo sgutnes Yo 52 comomtestien, 1 n o e tint M
enbanced the sllesteria tnteraction of the antyme With respa £ BEF.

() Hepytouws typa N pyruemte

Fig, L,51 shows the resulte uteinsd ben Tociprodal volosity wea
‘plotted agatnst the Teftprocsl AP concentration 1n the presorss of el
FEP and virions constent levsls of MGATP wben ustng Hepaioen. type M pyres
wato kinass. K derdes of stralght livas vas cbtained that ast e
arfinste ab differsnt Jotats and Aet qt 3 golut on the sbaciusa, shoing
“hat the Snitbition of AIP and YGATR wes On-CEpeTiive and that tho
etfect 5 Saly on 4hs marimn veloolsy of the Teaction. Ths epparent
Tiohaolis covstant for ADF 1¢ unaffecied by the fresance of YGATF. A
Teplot of the dats obtatred 4 Fig, 6,30, 88 intezoept @ e ordinete
ereus the KgiT? Javal (taset, Me. LIL) . kave q straiebt Mae thak cut

toa abecta at & Ky Vodue of 36,6,

ian $he seotprooal velostty vas platied ageinst Teciprocel AOF
sonentration et JsK FEP and veriowt xed Jawla of M2 (F1g. b.32)
son-carnpstittvs Subibition vas cbiatrad, The sppsrans Hohaslia oo
stan waz assected by the aiition of variaus Ficed Lewda of ATF'%0 tho
roaction wixtare, & xeplot of the dats sa intaveept on the oxdnate
vosrux TP gave pursbalic Inibition (iaset, T, 1,2).

Floks of reciprosal velockty versus tha sechmwocal PIR concentean
S ot T ADP a0t marsous constast KEP devels (Pi, 4.33)’ gave son-
Stasar ote. o th naet, 55 o e g6 Sht oAl of e et
us Sstesal edocsty verw i TRP sdcenbestion (auly resslis aior 033
s 755 shove) geve x sevias of ppervalas vk “kiuise, © Tate deviebich
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sigl a3k Dbke reiprosel plovs of fnitial velacity vs. AOF soncentration ut verime | x|
Fiod 1o7olD o wfa? Cox nepatoms Sype i byriinte Kinans.  Comisions mire, - |
. (R b R RS S 0

oot ot vertiont imtsrespes va. yglm' concentration, E
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Fig. .92, Dovele
vavious

00 concemeation s

Fagtorosal plois of snitial vilocity v,
o ued,

evels ol K for hepnions

Brattlon e ineis. w5
& h

fangt,

Rplot of vertical. intercapts vs. ATH iy
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Pig. 4.33.

Doub1

various fixed lovela of ¥
oncamtzations weve: oty : a
a
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L
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1o vosiproml plote of inttial velocity va. PEP concanteation b

v nepatoma, type | pyruvate kinase
o0 Znil, §—.

Conditions as. in Fin. 4,30 excupt Lhat 1 ADP mas taed.
Tepiat of daia s Initial velseity ve. FEP foncemtration.

‘The ATF

4 30 and ——C
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it dnreased AP ovots, . '
Sorattictent tovtak comyee ves sraSLahTA S5 carsy o anslopee

xperimenta. .

£ ,z_»f. ohunge mtes .
: sulte of feotas exshinge studkes at equiMirim iro

ahown 4n Figs. k.3 - h3b.
@ Poprote 1o P ornmgs Tates .
Fran the plsta of reciprocal exchangs Tete versus the reslprossl "
aubstrats concentzstion axd fron the Flota of oxshinge Tate vermi the
Togasitre of the sulakrate concentraticn, 35 San be saen Shu %) both
noreal Mver ty9e & pyrarste Kirars (5. 43e) and fepstons 4y7e X
Prrwate kinase {Sig. b.3ib), the rate of exbange hemen: Hoomrente,
and, 757 conla be latuzted st tie Mgt KGAE/AY dovale wian selsing
tha conssntxation of FGATY end £07'4n & consbant rutio ) et Yaping

oquilseriem condsbions, !

() 8Py 3% to oup ewbange rates

Jgnin ras lots of Footprocel mxshings fate VTows the Tectproosd

substrate concombrabion avl frca plobs of exoll nge rate verses the doga-
i conseatratian of substrate, 1L cem be sean st NiEh both nSAl

aduls uan Livar type L prrvase. kisesc. (Fig. b.3a) and hopateratyps B

yravats Kinasm (g U350}, the cadhange Tide i 437y P aid
PEP decressed at the Iigh pyruvate-AIP levals vhen the pyruvete/APP con-
centrationy vare $acressnd 4 © constent ratho of . O the ster
hand, wien tha sprer/rEe st ueze sutsod 4n o cenatant ratioiof 2,
the rage’ of axcaangs vas eshanced with both she nosea type T and Kidan
témn tyg W pyravate kingses (Figs. 1362 and B). 4
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L T i 1 5= 3
T T priens :
Tsotope exchange rates of Mcpyrmvate tate FER
when varying MGATP/ADP. ; ihe react i

comtaioss sOnN glyGine AAOH buttar,pi 9.0, 12581 . <,
M3CL,, ©.025nM ED 4o pyruvath, zni PEP and | i

2
NoRAB/A o a T00 rata T sddivion do the.
anzyme preparation.
(a3 Norwal adult human 3iver type L pyruvate kinsse,
. () fepatona 1ype M pyruvste kinas
5




rig. 4.35.

s (b} Hepasonn. tipe 8 pyrovate kinase.

E5 g 108 ity

3% {no PP when

mixture contained:
32 S0t HoS1
250 EDTA, 2ai ATP, Zui PEP. and pyr/ADP ir

Isotops exchange Tates of ATP-

ratio of 370:1 fy sddirion 1o the enzyme prepar;unn.
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Fig. 4.3,  Isotape exchang /.; sares of up-,-”p nts PEP when

saryite Sty S R T
S Syt e ke b0 15
Y, G Boracremtparvate 0kt e ans IoeT
R ion™ the “eneyte pedparation.
. () Norwst aduls humsn Liver type L pyrevate Kinase,
L (5)  Hepatsen type ¥ pyravste kinae.
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2§ Dnaymn puritieation B

ypa L pyruvite dinsse was partially purified fro norsel adelt
tman liver, % initial spectels sotivity of 0,08 U/kg protein
ostalned with crude extracts of narnal atudy b Hver vae foud v
56125,

10 Simng Lower than Yt of Tet Mver (favala ot 2l

Tue Tirst fo sters wsod 4n the purificabion of Type L rivate
Kingze from normal sdult “umen ltvar vis, the emontun milpheie and.
aostions frastionation steps wara siatiar 4o those dessriped by Yanake

o a1 (1967) for xat 2tvex typa T pysuvate Kiaese. . The trpes J, md

¥ prruvata Kinases prosect fa Mver vere then, seprreied Uy cubiing
St anmontun sxprats Sraehons ur Gsscrsad by Pesseren g% £l

{1967). The iype Lwas precipitated betveen 037K wmonime sulphabe.

“This wethod of soparating the L Ssodnazmes was Freferced to tho HEAS
caromatograptil one ¥idch e gamerally used fox separating thesa to
iscensymas. Tt was fowd to be quisker. Tt sWininstad thn step of

baviog to cancentoate the eneyme afier elution e the Cficilty oftan..
snccrtarad, masely the Loss of ensgme activity ith bt ob e

ermpea. i nathod gave 53 good a sepasation ol She dsomneymos,
Friftoation asa yisld sx the DS-celivlose methotused by Tonska o gl .
(1967a), Suser ans Mbter, (1568), Carmtmptet. st xl. (1965) ené Ganpos
L, (2985).  Purthemors, in the prasant study, 6 Ve Sound that,
e DHE chrcmatogesphy of Lnee prrasits Einise, $he ran rectten | |
it contatned & Wigh pareantage of FyTuvate kioase sHiTIty Sa a0b
rotataed Ba the'iokum,  Electropharests-of thts Fraciion roveiled tha

preazes of bothtypes M 1 Grrupate Kosssn, T8 fallire £ Fetasn

i 5




o -ur

type L pyruvate kinase on the PEAB-ephadex colima omild Bqfve to_ .

" tho Ssoulectiio poiat of Wman t7pe T pyravate Kinase befng Sifferert |

o thish of 7at. On the other band, Lt old be (e to dneutiiciect
dusiete, gt the f1xst mannten axobate Trasion thet s e \
for 4 st v Sindyzed Gor 3 B, P, <gles e

were dialyad Tax 3 bours were eleo saed Tor chnamebogeapily on S
othar S sscbangers onto which the enayms did ademet,  The dast step
wsed 1n the pRsPicetion of bmman adulh liver e § prrvete Kimuse
“vas chronstography o Saphadex G-200 that was equililrated with
smmonian sulptae s dascribed by Tavlor gh sl. (959).

58 3 pyrovate kinsse s pertially urtgied from the cencgrens
povtion o limaa Tves cbtetoed from bomen casualeics.. * Toe affiad . -
speatitc sctivity of 0. Vg protetn cbialind Mth ciude sxbracts of -

hepatons przuvate kinsse wes found b be oomslderatly Mghér than thab
Svtained with arude ertracts of nemal st hmen Miver preGe |
idnaso,  Unidk the pyriate Yinuse Sislated focs nermal et Hver,
Which eoulA be proofettated betwemn 35 - 376 wmerion sulshate, the *
tamour ensyme was anly proctpitated betomosi 50 v % amontan sulpRte.
In Shde ecp004 the soapee Sectatod fron hepation esestlas, B et
164 by Tapdar gt 2. (1969) from rat 92k Tepatamia.  The gyTvAle =
Haise toataten fras Shsse privry humen bopatiaas slso Tesenbies sl
(Gomain ot al., 2567a), Lewsoeyte (Kelex gt
(Pogaon, 1968) priusata inuse WEth ogerd o tts nclvidlity 13 Smeni
| mishete. ot soranl et Shrar trpe L and bepetimn types ¥ syEEate

ltnisas dars 1osdsted th the same Eroction, aftes shatisa fro sophates 3
G20, Yo venla tria appesr Shat Via size of theds w0 Asograyess u}’“

1 296) and adipose tsme >

stafler,, : . i
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itbeigh tunour tiaese has olten been considered 5o be gimlsn
40 fostal tssue, oily 232 of the Sotal prravata Kinase eotivity vas
Tecovesed 12 the 50 - TOE wmmenten sulphata Sructian of rude extTacts
F ruman fostad Hver, Tt would thuw espeax thab, s hepstoma
ruvate kinca, is, 1soenaymo doss not constitute the majur Proper-
0w of %e TrTerate Kiwse sctivity $a thase § monthe o4 dmen
Tostases. Py hermore, Lisrente ¢} y1, {1970} hava showm that fype
2 pyrarate kingse develas in 1ab Seotal 1i7er befors Pucomsoganésts

Tha percentaga e mobion by encless, adenylate kinass and
ldolase of these three pertially perified YyTurate kinssea vea found
0 %0 Tt

2 Sl of Mrer prruceta Himse .

Hormal uapn Lvor grivate Kinese, 1ike Tab Jiver pyravats
Kinana, could be stabllized vith 05K suczose and with 0.5 iz
sulphate en Sephidex 6-K00 (<2 Suser s0d Mavter, 2968 and Teplow sk g,
2965}, Low lavels of sucrous, g0, or AP feilded o Protacts tHa srazs
sgeinnt fosothvation, s i ontrazy o the Dindings of Twwka gb L
(2967) ho Tound that tnsctivation of Tat Liver prravilelitnese vwmld
e chocked vith S5 ¥gCly aud Saf AP, Tosan o . (3968} bave
dsnonstrated it magnestm, mmrearptothenal da Jnorganic phospiute
fave an sdiibive offoct in stabilising erythrocybe prravete kinass.
Thay s100-sbosed TP %o b 2 pore atfective stapiiizer Shan etvime-ADP
o snorganto Fhosphate.

ho Fraasct Tasmlts would suggast that both sunrose md smonbo

sulphats Cavoor e tiors, ptadle fast of the aname, siiben by praveTting.




dtssictation of fhe snaywe tate fnactive sunmits ox by preventing | o
ctnrimatiinal changeh,  ThLN oeuld b affocted hy hgh sl .
sulphate Jovels productag 4 bigh onte envivament, or by sucross
sorting 5.1 sveport or nebeix o keaping the entyse So $h Stabls
contonsition,

Tha poraotitty of noceal tmen Mvae pyruvabe Kitess Smactiva-
44en etag due to crlaxhiem of sulpiydeyd groups, o ceuod by the
igastion of prruvate kinase by probediytio eniyi_é ctn probably b
axidnded 2 16 D07 1n the arusance of dov levels of susrose and
£ vntpoT-ceprote neid respectively, buth Zxilad Ao steidlize the
comma.  Wthoug Tosen 4% al, (1960) alao fatled S atablise erpthro-
ayte pyravee Kinsse vith E-amtoo-Baprele actd, thoss suars as well
a5 Bousugart, ¢t al. (1963) Cound that nulphydryd omprnde ek s,
‘meroaptoothansd o ITT 444 afford s protection sgatnst oestivation
£ erythrooyte and rat Jiver pyvuvate kinse. "

Emette paremtare

() Bssters stfecttng sho of 7 3

Sho srosert resuits show Hhet buan Mwr 4590 T provate Yinase
56 o rogclitory enayie.  Tets 3 ovidemcod by the Sinding that the
ensyme diaplazs allestents propertiss Vifh Tospact 2o Lbe ikitraté EZ,
ood-bosk tnbibitim vy e¥losteris Sdbitors sh 9 ATF and alanine,
251 feod-forend aetimation by-TOP, st kinsses frim some other
sources bave alao bien found 4o elapley slgmutdal Floetlic Lt cexld by
attactad W AP, adanine 24 PIF, Thoss nclue thoss ficlabed frpm
1at Jsver (i 3 o, 29676, Lorvnte ot gL, 3970, Suwor and Bettes

e
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. 2968, Horangt g8 g1, 1968 wud Camminatts. gt 5., 1968), yeoss (Hess
: &b 4., 1966 ma Tsackel gt al., 1968), rut ediposs tiams {Pogsun,
T 2560 ant dree ob )., 19T} and Wuhwm eryiiwotyies (Stasd g A,
; oy,

P astivates 40 anapme Gy Changing Un dinetts, RS, Pres
shemoial to bypertilio sed Jewring the gy Cor P Lron DT96M 20
.21 (Fig. bk aod U.S).  Hemse the omeye amn Domothon gt thy - P

; st capsctty s & dever PP Javil 1h the phesonce of WP, . TP
266 aprere o Bave an offect on the Yinetdc puramiers of Yoa otber
sbatrate of tha resstie, ADF, The ubatrate ibbitien found 2t
ok Jevele of UDP for coscambratian of EEP batwewn 0.2 and 1u¥ {3ty
.20} 49 elimosiod by SO (Fig. hiata), Kb theso FEP sovceidiations,
FIP roducss tha affiaity of Y enayue for KOF, 5 shorm by gher
sgpazent X, values Toe ADp (dottet 3ioas 4a Fig, b.220). ¢ he wmaa
160, the maxtmn velooity of Yhe reaction {5 (arwsced ek ase
ciromstaoses, showiog actsvatien 1y TOP under condition. of Yigh ATP
and. high TP comamtrations, 3

> adastion v TUP, otber b’ phopRaben susk ak £xseose-be
Phosphate, fractose-l-phosphata, glucoss-1-phoaphate and 2-daoayglu-.
cone-t-slmphite vere alao 2o o setirate Wia svme;  Thaes

"< {20 an otas sn ST, onare, ti et Stren e Sinn 0 0
etivate tim sy o S50 s . e 1 02 sk 2 T, 3
. reported by Eggloston and Woods (1970) for rab Liver pyrivate kissse,

The isting 548 glisasei-ghosphut vax Jass effecoive Shan the gtber
i © hexose phusphatin {n activating this Lsienayg 1x 4n agraement Tith e "
J fimtings 2o ey Tivur srheraty Kinase (Ragloston s Woods, 16). 1.+
Rat Mver pyronate Minsojhie a0 boon ound. 20 e activoted Yy
: H :
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] sruetasacl,
ErsetomeL-phophute and gusose-1-phorpiate (Foyla and Bbay, 2067+
o Spplestn o Vool 970), Yharedn Fussh vt Koo 48 wtie

atot ouly &' fruotose-, 6-atphonphaso mmd giuc

ephaushite o ¥
(Raeohel 2% 3., 1960, hwsose-6-shoszhate and fructose-1-phosptate
Pavs also bam shen b actirte tuawn aryUTocris Frravate ks,
{9taal b aL., J9TL).  The fimding Yhab gincors, fructose and pilic-
Gose-ophosptuta tad no afect on this isoewyms agrees with fox
£indtoga £o7 yoast pyroiaie kinaso (Fasckel st 5., 1968).

Other peesurscrs of P tn the Glyedlytiy patbumy suth a8
iycaraldehyde3-shosphste, dshydenxyacetose Phosplate s glycerats
2plosphate vare 5o found bo astivate 4le Lsommas, Of Wess,

elimisorracetons phosphate vas the st potet.  Hoever, saly lov
Zevels of this atfectar could be used, for 1t s fowd bt abive

2,29 diRpipaxyasetons phosphate thera uan & steady fncresce 40 the %
sctavetion w1tk Mps.  Oar teiose phosphates such a3 yemsel-le
Shospinte s glycerede-S.iosphate bad o effect on the et T
sotdvation sbbaired in the prestncs of glyoerate-z-pmophata:cannct be
attributed to enclase sctivity, fof & Slank combaining a0 the feagents
exnept TP was fncluded. Habsr (1969 has 2k indeated teb Bly-
caraléetyin-3-phosphate 7ay act as & Hedilator malomale by sokivailag
rmate Kissse,  Somsver, Tayles aad Butley (1567) found 5o active
thon of Tab Lver yyravate Kiness by glyoerste-2 phbaphite of 2.3-
atphosphogiysstste.

Tha banan Ttver tyze L Seommeym vas isibtited allosterioelly
i 5
@ M7, esim, AT 1 citrate, Beanize (5 = 0.61) ana AF
Ly B = 0-60mK) v found o Y sore st Askthttors Shas okt



(8 = 2:200 whorons P (£ = Tanlt) gz the Ieast aifactive,
PP partially reversad the takfbision by 47F, A w4 ditsits

2n Sncreased the By values for. theds campramds, 50 et Shey Masih

s g G Tostal e i e e Kien,

Kavense, e aikutne tabdvséion vas comictely seveseed 37 FOP,

Holier (2969, has shown that rat. Liver myruvate Kinsse L vot tobidised -

by Ddamiza.  XF the homan type L pyrevate kiusse ressabiss thak of

66 203 1n thts raspest and, a9 Di-alavine vas waed tn € proscnt

stady, than Sias feoeniyae veld be more sensitive o slanise Taiber

than AP dokiuivion. This and the postulate wada siove, nemely Gt

#héso dubibtiors act ob eLftecent sties (Fig.k.20) codd shen xplatn

iy the TP 25 alantoe-takibi ed enayees espooded difterily o

97} hough thetr iy valuss vor found 30-be statler {715, bAla onk

U2k}, 8 3n he prosent stndy, She IOP Lohibebion of rat Liver

Frrwate Kadse 15 sls partially oversass by TOP (Rotsngurt gt

2969 and Tovzate ¢t al., 1970).

Type L pyruvats inasa prodoninites in Livar, vhere nob only.
gaycalysia tut also glucencogenesis sosws.  Sinse Bhe enzyme 1s
‘uner the contrdl of varieis natabolites, the anourt of PEP befog
utilised via theso tap Pathays can bo closely refulated. - nder glu-
consogentc eonditions, tha FIP levels are depreased dun to enhanced
and oduced activitios.
Tocmuse of tis, the isoeniyne wowld o dongar be activated by TP,

Tt vould soums the confermation that dlsplays signaidal kinettes, has
= Mgher 5y fox 27, 404 hance Toquies moro PEF 10 setirats Sv. IV
waxld also beoass more susceptiils o fesd-back Lshibition by P,
cltrste o, slanizo, M @ Tosult of <11-Vikse effeste, loms PR wld
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f. w8400 vl 5 bt s ot hes bk e ovtLakl
[Fo the glucoteogande petiimy. - On the obher ha, wnder glycolybte
bandtiions, tha 757 Javeis would bo slavated,  4q a vesutb o Shais, .
[ a0 st <3 Sy o T2 ek e et
she suscepbi¥llisy of the anmrwe to Seed-dack fobiNitic Yy TP, and
irsia il 2o Sovered,  ona mars T s boitacd b oburet

Jimaze, miking lesa avatlakle Tor glacsnaogenasss.

1. Tho mopariior af the bepetom s foutal o 2 prravite kimsda
édfter from those of W L 4yph prrovate Knsse,  Onlike the'l tipe |
BiTate Kinase, the ¥ {7ps Saorsyus bave properties et Inficate

“hat Yuey are not requistory. Tais S smegested by the fSnting Y
e actiTiien of Lotk thase X ypex pyivata Kinases were not abfested
by e prasauce of vardess Sexose plosphates or tisse plosphates,

\ahouing dhat Yhase M ypa Leoinayses are nob aubject ta fesd-Forvard

roglation by FEP precucaces, I thls respect, tase I type Teconsyues
resextile the typs M pyravats Kinases isclated by Jinfass De efa gb sk, .

(15715) e i Tiver and msale, shich wero viatteoted by gliconcie

‘hosgiate, e and

'S e s, St 1 e Sy e St
e ittt < th % Ssernn, 1.0, AT, B, oiesta s st

hese X \ppe dxvemyars were moet spusteins €0 slanins dxbebition.
20 Ky lue Son Mi-stabtng Lo thebapuionn emyze it .50 it 57
80 ontal anryao Gl waiah 15 sipLiar S0 the vilue of .63 fomd
256 the v e D Sacunmlr, Ty ohawed Tuse suseeiotisy to

19 wish X vadass for tbe hepatons dnayme of 5,28 and Zor e foatal,
ansyae of 5.6, amt %0 nsum,mﬁq&zw shore Ty valees o W58
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a0 22,088 2or e Bepstona and fostel umysen Tempectimly e
found,  hasa vslaes are higher Shan iose Zor thn Jives Seoemezme.
$ho 3 Locatmyabs ware Teast suscegeible %o F LbMMbten.  The ¥y
values for MF,of S5 and S22 for the hapatosa and fostal type ¥
ems‘"-nh‘u the values for-ths I iscenzyma,

45 10 4ha present stuly, the L type dsoeasyme Saciated frm Tab
2vors bar alzo beem Zoud £o be narw sesstiivn to 120 Sushibior then
e miscle 770 % Lsoenams (Buaska st 2., 196Te amd b, Sooer 4n
Rabter, 1968 and Seber, 1569),  AHthongh Taylar gt 1. (GH9) sheo
ound ¢t mmacle gyrevnte Kizass to be dese mscaztible to P ikt
Yo (8 % .7 % 102 than w8 Hwar 377 L dsomzmme (5 = $.6%
20724, Sy ot St apaton s (%, .5 2 2%
eseble that Zeolsted fron Mver, Ao e sensttielty of Fyrmate
Kinano to Uese Inhikttars oouTA aifect tho Tete of TlHzetion of FX,
o Tovee susseptIbAlity of the Yuman hepetoss dsoeneyme to 1P LRI
a0’ a5 conpared 4o Hhe Itvor 97e 1 1soensyme woulA e more in vk
A%h e opted Hgh giyectyhic sapeetty of sum camoer oedls.

Ulika the fizdisgs ¥its norkal Hrex e T pprvate Kinaso,

the MP- susd A8P-icliitited ¥ Ssomayace vere wafTected by Sha Jmaberss
of P, TUP 414 hovever pastislly Teverse the citrsta ihibition st

high T of ostrata, Thts agitn nticstes sk the contralliog
st s doteraizes Ve fisw o 8% 1 e on sanpgeed 5
O P S -]
7 20 20 10 graneally sepiad (s tobreductjon) giwemeogesmsts 1
S o spsent e bopetonas vl Tivers, | Heine scoteiting

[N o Froe ———

e
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ot be a3 imporlant in these tizmus 2a they ave in glucomsogents
tissaoe o 18 mmal G830 Tives,

o sdamne LRIt of thase 30 K aysivata Elnssen dits
Sered from theh tatued it the ciber Ssibstars entionsd fn oat

01 wmes $aconszans oriad vare aqually suscepbthle o this dnkidttas,
Ferthormvs the alanine imibitan of e e X fsoensyees sald be
P A T mpp———

Salor st £3. (1569) Couns pyravats Hiawss from 92 & b Eapaionza
40 % mme sicapitble to atmtne tmitten (, - 3.0 10750 v
esthor the muscle (K, = 2 x ™) ar 2ver (K, = 2.5 x 10°7) pyrevate
Kinaser. 42 1n the present study Hhese swebors fomd VAt Yo tumour
an4 Zivor pyeevats iasses corld bo protected agxinst slaning $abdbiben.
Hovavaz, Sbay foud that ST bad po effact on vho slsctie-iohintted

sl prreveta tinase,

The propertiss of the Hepatona amd fostal types M jyrvate”
Uinazes vere siailer tn bany Tespects Wk act Wkbiiesl,  For.instanse;
whan Ahe gyavate Kinsse ectivity sas estisted 5 a fmotion of tha FEP.
Jeved, the Sostel bub not the Tepebars type ¥ facenemue culd be” asbiva-
@ ot los PEP lavels by FOP (Fig. k.6 and h.7).  ilso, when the
Foriuate Kisese sotit;y a3 datoraied o3 & funcklan of the AP Camsehe
“watien, FOP was found bo raverse tha inhibitton pastislly ab bigh AP

Lets o thn out v ¥ sy . ko 30 b e
{Fig. LAl and ¢}, Tils suggests that thess two Lype M iscenzyuss
AT —
P seniss e genal. snsiest it th Bt |
s

Cnangi (2965) Tasel.  dacording % tide thenry, ths proteln exlats.
18 fvo ntercorvartiile forms, Tamely &b achive and a inustive fora,



The equi Hbrtan betwuen thess tuo sbates may be ahrted by Mt
“bnatag preerontially to a pirbiovler Tom, Thua, the newTe.of
the aptirstien ourvs for the Hgend WLl dapond on e Telative,
aroparticn of Shese b fores,

e prssuat rosive shov Shat sorma. Thver 4y 2 e
Vinan exita naaly 1a the Somtive conforaution, iin in Lisetsd
- tin Fiading that Ghds sy hous co-gpuREre Saerestin vith
e
Ui srverte o ssbviy vap obineod o8 @ Snstion of W 77
Lo, Loeating that a0 sk 2 o of P st Vet por e of
anzyme Tor TWAY setivity (PiQ. M.k, Inset and Fig, lL.5h). Inhivitors
o a9 7 an lantsn $HLS S gLt ore v S Sngcive
contormto, a3 oo i Sh intto toch Sans comgushs oerus S0
Cltosret taricion o e ezame with rspact S0 e, I tha
Fresence o ATP or Di-slamine, g valuss of appmocimately 3 ware ob-
o, sodicnsing st 39y 2 3 el of TP e 21 of omn
mest be bbumd dn erder to retwin the ensyme in its sotive conformatien
(Ftg. bk, tonot and Pg. hu5b),  aly 2 moda af 4nhibitor par-uels
o ansym 3o b e, £ aons f appocantaly 3 i it
e i syatn i asinity as asiastes a5  furotin o 4ha
Auhtbstor level {tneets, Fige. ble « haka).  On tho ochar hand, the |
iastar affusen OB sicts th opiieten to the active £

Only 1 sole of TP per mols‘of easyme 12 Bevestary to convert the sammb

o 1% active conformation, for ng velwss of 0.5 were cbbatoed vian 4

activity of he angmo vas sstinated s & funvticn of the FOP Ravel

(tasat, Fig. 6200, #hen 4a thle active form, iy L mole of BP per
" oot of onayge 15 autfiotent 45 give 503 e activity (ng * 0.8)




.

(imsat, Fg. Ld). “Bosover, in arder to hL0Y the equitbrim back
oy'tho inackiv cortormation wien FOF 1s prasant, 2.3 noles of salibie
tor (472, WP, Slantze or citrate) st bu bowd.  Thi 1s indicsted |
by thy rinding of ng veloss of 2.0 - 2.5 whan $he prruvats idmise
activity Yes esvimated 32 2 Samtion of the InMbiter concentration
(inast, Figa, 4.2ia ~ bli),  Comverely, tn the prossace of thoss
iaidbttars, the apititeson oxn be sitsted back £ i active confor™
Bution by tha smyme binding 23 ndles of FIP par aule of erme. iy
"iduas bebwess 1,5 328 2.5 vare ovsaised vben the Prruvate inzes -
neivity wes eatimtod xa n Ducvion of the FUP-Ipvel 1n the géseocs
at tahisttors (inset, Fig. b10).

The iinsties of the H type isosnsmetresently thiss of 1o
scitiated tye L ssosnayne.  fake e activated tye L Sacencyes
Shay tavs & Tow Xy for M2 and i siniler senatbivity o 1TP, 0, axd
citvate santhition. Purthermors, HL) numbers greavér than 1 wers
Obtatand shan the activity of thase ¥ 70 BTAts Winasaswers
estinated 1 & Dusothon of tbe sahlbiter Tevels (Figs. .22 - kikb

ndc). AL mmbers greater than 1 mra a1s0 obtatned vien the naml
adilt diver typa L pyruvate Kimase was estizated wder stuilar conditims
Wt n tha grosence uf FOP. Theas fastors, together vith the Ninding
that, TP hes 5o affost on ho hepstoms dnt footal trpas ¥ Fruvat

Kinase

iggest thet thess ansyacs nameally ooeur I the wstive confor-
mation, Hovever, nbivitars such as 4IP, AP, oiirnts. and slentne o
SBIL hift the oqullihrium 4o tha Lnactive forn, though bighar comen-
eataams of 07 i ettzatn amn raguired 16 ABBL thn W Ssomigaes
than the L'goomayer, .

The Kopad-Hmen-Changou | mode3, reproseita & spectal s__../at e




=il .

ware general theory proposed by Koshland et g1. {1966) for machasions | ¢
of allostario interaotion of snpyaes.  Aconding fo the MomodUymene |
Ghasgoe sodel, a1l bt have el atfinity for 3 partioes |
g trvespectiv of how sany sslecelon sea b, 0o the other |
hant, the Kostland thoory postelates {hut ioteraction of o sdldedle

o 3agunt vith cas SRt of sasyme 1ol 4n a canforsatioml
ciinga sa o rosuit of vateh fivther Meands nay vind more routlly.
(poatiive coraperativity} or loss suslly (ogesire comgpamativisy).
Toe HiLl plots of chumgig sjosa obbeinet 3 som cases e e acte
Iineas Tinmumever-Buci plots of resipronal welactiy versms fho
roctpronal. BEP concastmatian (Loset Fig. hi2s ) could tmicata that

. thors are different binding conatanis ¥ different suvstrate csen

trotioos,  Hovaver, detatled vindtng studies wald Se Yogsized 5o
srtagutah botwesn these modelo.  Sunh studtes oailt sleo give

Surther taformation 35 to whather each effostar bea & seperabe bisdbrE

st or coether scas of tasa are shased.  The rosults of Fig. 40

& hovever sliow suat TP end slanian occupy seperat bisking sites.
Wuiuernove, $he Tiadiag thab the ¥ trpe Ssosraymes are mhibited by

tho 5as nhibitars 4s the L Iscentyme, Wuld suggost that foep cmde . -
bava the same Lnhistior binding sitas os the L taceneym.  KaredhgEs
th inding that the alanioe Shibition of both the opatent wd fostil <
ypan N dsanepes oou e ccpltaly Soversnd 738 (g, Ll snd B
&) fudicates the procence of e TOP BIndtng site 1n Thess 4 Wil

Toa frgancs of such a site 1s also indicated by the Pinding that S
ottveth dibvition of otk thesa ¥ tyze wrmta idasses could by
eversed by P ak high ciiats lavols (Pig. L.2h and ¢}, It i3 aldcn
indicatsd by the Finding thet-tha A5 tuhibition of the fostil type %
prrvate inase cod be Tovarsud at high AP lovels (Fig. kis). ()



- g L

T ofimctres of mypmeaten cotartratten N

i i, Séeaon T 40 saon Shat norme, Rver type Ty Bopatess
a8 £osta tygen T freweate Kinasen aIL havo on absolste reqelremt
200 magatun,  Furihefecre, they era oTl fousa o dierlay optimm - |,

assirty tn e gresence of kodout Mgily. 45 2 ot doved s

ratand o 1001, th atbriy o Bvr iy  pyreste ossa s | g
008 %0 Geozanss 1 he presincn of 0.3, 0.5 ox K 002 (hg. u15).
bt doseeass 4 sk reuTae Hinat ety 3o romambly dis S0

SRS OF the oty honos agneaan a6 ot sclaly { 9o

ioaic strength affects 23 cuggested by Rolmsen snd Storm (1965) for-

Fabbis vasele pymrusts kinato, aince the activity of HSs snme s’

astimatod at 0,13 ¥ vateh already has & high fenl stzengih of 0.2,

The prosent results do ot shex Slearly shother Troe Xg" e

o KGiDF a0 the substrates.” Vion the activity of the Yiver Syye I
Sacouzys wan ovitasted ab varioua 0L, Tevels Sn €be yrosemos b
0,15l and 3.0 0P resactinaly, & shifs of Yo WO, optim trox
1 o 5,560 vas ohoerved (FIg, L.36), tndtoaking that MGADP may b
the Savmred mbstrste,  Wolshtor (1965) had epxtiss comsluded frv
Xinotlg etutiss vith Tabiit osola pyravate Kinase £hat the magtostun
siclactide 12 the favoured substate, it antited bo caleulate ine
aomssatsation of MGEEP in ber aixtive, copsidering mly fen 1" and

.. Xeht?., O the oufic hand, Hildvan and Gont (1966 ewd 2570} ave sl
by mslaar megnabic resonsnce ‘chulfas that toth frse M sl ADY, wnd
the MDY complax czn Hind T tha enaysk NRieh Sherafare differy Tam
orentine ke where magestan sacloctide 16 & oxligatory sHitrete.
Becanse of thts, sad 23 3% 56 HIGQY to evaluate tha oentributes
of other epecies-such a K40, JgFSF, KGR and fres K4 thl eystam,




1% vao, oonsidered airteatis to uas totel comcentrations of ADF, H5® %
258 5P 42 tho svadeation of Finbbls parameterd.  Nereovar, an dis-
cusnod Titar (page 167), the Kinotle and Sobtope axchangs dats Biggest

2 ordecad Teaciion mechaniam vith PEP bindtng befors 4DP. " Since Hg'
49 alag renutrad b0 bind 5P <n shown £ the mochastem priposed
¥ildvan and Gotn (3956), T4 would semm reszausdle to exewm that Mg"
cox1d bind ko the ovayme hefore ADP,  Furthoraore, estination of tte
%" and mslaotide luvels 1n Yive siso indicata thet.thi Lres mclystiden

thong $ba physilogtes vl of K" 58 abont Bt (Reraon
1967, Gt (1567} has estinatod She Dres intrasodlular g level
4 bo ns Lo s 2.88 £n rat Dever ‘and asciten sawuwo. s Hae
Pgwiolagical lovals of ADP vary Sram 0.8 ~ ok, and th AT levels
xom 0.5 - 10u (Sarocn st . 167, 404 50 b are & Tavge masber
of other sttes hat bind ¥" 4t 1s obyious ab Migh nuclostide low Mg
Jovols, these maLeotides condd well exiet 4 thoky fove fomms fi

he Ragnestin vequlsemants of 4o romal SOV tumen 4796 T,
Depatoms and ostal types K pyravate Khtises ere sinilarly iffectad by
the presence of A1, Vhen e assteity of s thess Urss Taoensas
s ostisated ox » fnstion of $hé NGOl SoucomtTaticn 1n Abe pressnce
of 7 (5ig. AT - 19}, 0 as Foind thah KF dncreused b0 magroriah
Sevel reqeired for maxtnm colfvity prenmably bybinilng tho magnestom
A1F ds0 tncressed ta atlseteris imterackion of these iscunames Wit
raspact 5 maguestim, Andiasbing thet 4n the Frredmce of ATF ueve
segrigh aust S e sl oF g vt s v 3 ©
astivity of thesy Lroensyasa. AP elio dicrsesad the maxtsua velacity
13 a1 oenea.’ " ks the maxdin Weloctly as dow da the presenss’ o

@

J

g
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- AR
A7 $hah 1n 162 sbagnie; and 22 421 tho P a6 Vi bigh megmrkm |
Lavels Sa.447 the Lorn of MGATF, thesa rpmuits suggest: ssbtbition of ;' | )
these Sacenszmes by KOATP.  Toia would agsed it tha Hntioggof .
Hednsen and Storm (1969) end Boysr (1969) who also shoved HGMTP irsd~ )
stbtod B rdbus'smacie pymeveis, kinase.  However, ts siggestisn s
antiesiy to the.Findiags af Voods (1963) o proposed bt uie
Published sosuits shoving ATF inhibibion supresented an artifuch dhe
4o 4he remaval of g by AP,

D8 afcto e maguesion Tovels Tequig o misioa sctEvity
o thn Thor type T and bapebamn s Fosta Sy Sooenezma GELSeretiye
FIP 0t anly estivated the  Lacanve but ecreased e magmeetus Jovel
Soguteet o ppcumn actingiy 58 veld as s ellostarss SerARALS

Sho sosntyme Vith rerect o Hglky, bofh L Ui pwesence and absercs o
P (Fig. M. The prosent emuate vosdd s St in v poeeeoog,
o 538, et Lncomame wondd b bl o Bumoeto ok 550 mesinak eapEsiy

i lover magracten lovel In vive, =

o

i S e oo o o
e Sacurein ith repac o sapasin s s cfted by e
predence of TP (Fig, k,18). FI¥ Aid hovever,. aliminsts of sigavidal
rospmsa of thls sonasé o QL n presince of AYP. fhess Clodicgs i
st ke a resene of s eblntet viacen ks m s o
e Py sz s i he emarte sspes of i3 e
‘o magrestun’in tho ' ssence of ATP camot be antiraly abbriintad o
moned  maesin by 57, . TIF o ek e the iR

roquirusnts of s, Tecensyuo in the absence O 4TF.

76 as found tha¥ the maghasiin Lovels reguired for miingl



10~ .

Sobeity 5 Thi, fostel Ty N Sacknmyma e decreassd £ tha posones
o TP, . To thta sespect, his Lsoarayms resasblen sdulh v iy I
ppeuvate Yizaia, it ditfars fros the hapatens typo X Lessnaya vHLGh
“vas no% atfected by the presence of FUP. This sgain indSeates that
e hopitoas an fostal Asossmymes mra not ddtnbicel. The fostal type
¥ dzcunyme 1id havevas resessl the hepatons type M Lecenayms n s
eapect, hat, <he slicstesto Loteraction Aisslayad by i3 dsoessren
SLth espact Yo saguashun 1o the presenos of ATP omld be MiRtaitéd

by 7.

Fence froa e sbove 45 can b

at the actdrity of these
2s0mmaymes oould be ltered by ATE and TP {n wivo partly by the
BN of these wubstancos bo alver the BgrestuR roquiTeReTYe oF
thees Lsosmass.

(e} Mohaslto comstants

The Kinetica ant Kisaalts constents af ¢I1 fhree preparstians

“were foud to diter,  Altbough €1l tive preveratians doplayed

Tishselis-¥amten kinetics with xespact to ADP, only nommel Hver e
L pyravata Maasa vas inhibited ab the high ADP lovels and fad Mishanlis
constanta for ADP which variad with the FEF level (Rig. i20), sintiar
Tests avy bwax raparted For b eryHRFCTte FrTate KNS X
Stral gt g1, (570) a3 woll a3 for xeb Mver, e L yyruvate Mnase by
Toauicn g% 1. (15676), T linibing Michaslts constant for ADF of
ol adilt, Tver 4ype L prruvate Kinase s Sound o ba bigher (9.5
Shan that of tho hapatona (0.26ut) acd fostel (. 28ak) kypes ¥ prruvate
itosns. Tt vas slso highar than the spparent Michaslaa consvit for
107 (0.1001) obibediied by Tanske oy 3. (1967a) Sar vat lver e I
pyrevate Kinsss,  owover, 1 vas sinilar to that cvtained by Stael g8



Y

2. {3972 for hunan sxybiuccrto prrovato binass and by Zogson (1568)
for vat adipose tiass B3X 2 (0,670, o the otbar hand, in the
Isacioa of 0.1t EDF, the Michaslis constant for OP of norsal mdi
2irer tqpe & pyruvete kivase decrcescd o O.int, iz Tesemling thik

of xa3 Tivar type L pyruvate kdinese in the ahonce of FIF (Fazaka
s1., 1967a), bub betng laver tham Shut obbatned fur the bepstara nd.

ostal types ¥ prruvete kingses, The Micheslly constants obtained |
whth the Hopatoss and fostal brpes N yate Kinace wera iatlar a.

thosa of rat maele (Tareke ab al., 1957), Tab adipose tissue ByK B

(Rogsom, 1965, abbis muscla (heynard gt al., 1961, Mileven and Cobn’
2966 a0t olmsen and Stor, 1569), nd et S £ o axyShrosyies

by Tosen 3t 21, (29660,

Although the hepatoms typa K yruvats inaso ressahled the fosial

Ssaanzyme with respect o 115 Hichaalss canctant for ADP, thetr Ktoetids

With respact to FBY as well as those of human aqilt Jiver fype I pyrwwate
kinase &1 ditFered,

o Hisbanlts conetant £or TEP, viz. 0.8uf, of nermal adelt b
Itvor typs T pyrovats kdnasa vas hgher than the Mishaslle censtent far’
PE? (0.05) of Fostad typ0 M syTavate Kinase, ag well az e Ky for
2P of 0,118t obatued yith the fapatosk prepazabin, Housver, fn the
presence o O.Jui FDP, he Miohaells canstast for FEP of normal Wemen
3024 t7pe 3 pyrwate kinese dacreased bo .08, Shws reseniting that
httnad for hepatons and tostal types M pyTvate Kinsses closoly.

0 the taves prravit kisss repscebions bortat in the prosent.
study, only the fostal type  pyruvite kintse displayed staple Kichaelts =
Henten Kinekies vith raspeot o PEP (Mg. 1.27)1 Tuse, together vith




JEr

o 7~
‘the- findlne of a Hichaulls constant of G.0SENK for FRP as vell as tha
Stndtog that She ichaclie consbant vas adopendant of the ADP lovel
agrass ¥ith the fiisizgs in rat and rasit auscle (Tandka eb al., 19678,
iokn 404 Dohok 1555, Faplor ot 1., 1969 sn Raymand st 23, WD),
Statlak Kinstics vith pespact to FEP have 3120 Yean reported for
ouoceyto srurate Kinass by Ganpos g 31, (1965), erytiwacits Frrayste
dnase by Tosen gy g1, (1968), hepatous prruvate kinase fy Tajlor v 41
1969) and adiposs btasue FyK B by Pogaon (1968).

0a the Sther hent, narasl st busen Jiver type T prrivete Kosss.
ateplaysd siguoidel Kinatics with Tespact o 7EP (Big, A2 This,
Sogethar vith e Sinding af » high Hishaelis comstant (0.084) Lo FET
10 conoistent with the findinga in Wman eryvacyte by Stasd of i o
(1972, adipos tissus 2% A (Pogecn, 1966} and rat Iaver pyrvate Kineab o
£

(Pandka ot 1., 19673 oo b, Bumor and Rustor, 1968, Tosangurt
1989, Garminsdts ot al., 1968 end Tayler » 3568,

The inetica of Lepatana +ypo ¥ HETAte kinase ok, oy differed
£rom the Zooted type N aid nommel odlt Lver Yype T prrivate Kioasé,
EWCOPEN

but vers also airferamt \s those dsacritad oy Taylor
yrivete Xinase Laclsted fron 392hA rat hepatona.  Wiersas 41 the prosert

sty sov-Michaslts euten kinetiss vers siteined (Fig. £.2%), thase
ot ypscal Eersolic Kinetice. et the Temslts ihetand

authors
ron the Lineveaver-ausk plota snd the AL piobs (Fie. .25 and Suset) 7 ]
peaat 4o tha Presence of wore Yhan ome binding it fof MR Ow.can. .

ot Hoever, Alstinguish ron fhese data shether thess ara ssparets

ailgperic ant cxtalybls oives o merely citalybic attes siom affistiy”. |
£odP5P 10 sltersd dux to peaformationsl changes securris 1n the Eoeis.
25 it 5o arged thet the pogaeaan cf two sovmizmes bk dbfFmai

atcintitas Sor FEP would also giipr aimiler resilts, Howevar, $n S
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+* presc Xaty; 40T asenayn s Sopabad o she J 45 4 e
gt Trictimtion ep.  Fustharssb, e X dgeated us & Skl
‘proteid Tnder the siectrophoretic conditions weed in bhe preseut whudy.
Hancn 483 anly posstbity of thte preparabion not bt bmsganiens ©
(2um € the przsence of diffarent pyrivate kiness sscenzymen} wendd So,

it thatowondd

52 s vory wintlar typ0 X syvavate Misasns vora pron
stz more seneibive teohnies o suparsta. Tl Clnig hut tn s
i vl ohaes fo0m 0.6 st 13 ab tha Heh 7P dewla o2 % 91k Sor
7B dovel el dntat that ais sy sleo ahos Bxed corprebivEty
1Sk respach to FIP. b prosan of boths agesies ot posstm ‘o2
cpertivity is aof uncosivon, v hss ban 7eportad 2o CEPoiyitbetzmn by

Lavitait ans Kookians (1970).

eace, a2theugh tumone Hisec has often boen assooated vi%h &
savsrsion o 8 more smesora-siste, £ron the srensst Tomlie 56 venld
sppea tht 3¢ dons ok sinply vt o the Sootel e, Tm oglex |
iinetice Glaplasad by tho aapos sith Tespect to VAP odd grobally |
ensore the officiant ubiMsatton of both bigh s low devals of BEP in. 7
the glyoolybic pabhusy, and thus Laft 186 wiilization vie gluoned:
gemeats.  From thace i Yitro stuties, 3% can b 3uen Shet the low
Hichaetts comstant £or TED f bapatess type Y pyrvate kizase vasld
inshle the cnayae to Ginction sffictantly st th Lo FEF Jovols, vhersh

25 2t the bigh PEP Lowels, the siyms would o actirated b 16 weve [
ataata, : ”

@ prompy smintier stuttes

3otk ngreel efalt 1iver type T nd hepatoke type ¥ pyTiTANe
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H
conceniration (insat Fig. 3,2 and b3}, whiok tndtcates a tned
Sobtbstion e o the binding of megesiun by ATP. By plotbing b
Saboreepts aa a Tunotion of tha HEATP concontrablon (insed Fig. L.31)
4o purabulic veriation of he Luteroupt vermus the AP comrsitratism
esula o trasformed fo o Udar vardstion in bim case of hepttons e

K pyruvate kinase.  Sueh a plot however, gave  lyperbolic variable
4n the oase af moraal adult Iiver typs L pyruvate kinase (inset Fig.
L1, o it st g 0 i e
seting st b0 sites. A momal Mver typ & pyrwrate kinsss displays
e s e o 8 5t 3 o

rates the allastaric wite buk ts a lover affiaity for, the cetalytte

Wt both ehe mavasl Wuman el dver t7pe L nd Hepaicss tp5e
i pyraate insses, the HATD ssbibition vay HumicompatSesis against

AE, Purthernons, althotgh perabolds JUNbIYan was cbtatned vith

‘ot e aforenemtionsd. pyruvate Kinase preparsticns when amomping
the presence of Mriting amemnts of Tapestus, the mods of-hibAT
SHT1 ransined non-saupetitive with rerpect to AP, Theso fiatings

ere statlar %o those of Helusan and Stora (1969). for the encyme tech .
vt ausele, hat differ fram those of Reyoard et gl. (1961, 1n
St nantioned sathors foumd 2P o bo COMERTLLLTY ¥ith Tespect
137 i 0 st nition o o 0o Opsttng o g and A1 n
sssaying with Lt Hgi, sxd Jovala of KT tp to Tubul, " Rovever,
Sotncen 02 Storm (1969) 814 not. cbtata shetotly ccspebivtes Tnags]
o st act st hen o ¢ iacied ey aytes to ek
dedethas o et 5N . :

E
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26t ornal b adlidivor typo T pyTvate kisisse, ‘tte moe of TP
“ifutston agetnst FRP could not be dbtoraived with hapatina $7e
Tha finding that the NgATP Sahibttisn agatnsh PR

Fivate Eina

33 oempatitive 1n the cane af acaal adult Myer Grpe T pyravate . <,

cmase 2grers ¥ith the findings for Tabbts macle (Raynard sk ake,

3961) ant exyibcocyse pTvabe kinase {Cepos ot gl., 1965). Barer

(2969) £ound €ads Lxibition o e of 2 Rixed type bub Ralaly of K

competitive sature. ) ¥
Both the husan Liver 47pe T pymivate Kinesa as well sa-the

opatonn dsomame Gifforad from a1 the atorementicusd prwAte kizsged .,

< tit they vere Sllostarically Sniibitad by KEATP and KTE nespecttiely.

) Henion of rescti

Atnongh astrerennes vers found {n the allesteric propertics aad
Kinebte caustants, the overal] kinetics, Perticylarly e Saotope exe
shange esuita, fndiento that tha sechanism of section of Tese g
Socumyass might be the ome, o Tindinge thet a2) tho 1ines In th
initdal rate studies ast & & paiit, nflcets it the norssl Mvie
478 1 and hapstans wnd foutal t7pes K pyrivate Kinases have 3 oBimen-
tiak mochantam, shezely Scth bsiraes misk a3t to-the evyms belre
estinp product Sx elossed, A ping-porg mechapion (1.e, £irst Feokiot
53 ralossed bafore e secont sbstrate conbidas o She shayie) Heudd /

o intlésted £ parsTlel Lives wore obtainud (Casfind, 20630 ¢ F
The T1nding that VealP or TP ek son-campetibive ahdbisors it
raspoct o AT wLH both norasl ssuis hunan bype T and hepstens tsps K
prrovata inesas, (Fige. L.28,5.29, h:31and 1.32) and dnbikite con
otitlvely verms PP ith namal aduld buan type Lppravate Minase
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35. 1:30) might Indicate mn ordsied seqrantial mashanien with ¥R,
i $h oot sistaits S v 50 W ncy, AP, Sy ash
sroduct to be eleased us sho chenatioally Walo: -

o p

e

o
saorer  zaw B
oAy

This schans doss not taks Suto ebowt. the veriins mebsl fons
suoh 65 g and'E" 1oF thetr exact 7vla In 4ofs machantsn 18 2ok clon

froa the avatlable dava.

his meotantan 12 conbrary o the-cunclussons of Rilivan ssa
Guim, (2956 s Reymae gt gl (3968}, sho prcpooe) & sandon semgRLisL -
sactaniam for saEvi mmcls grreste Kineam, & Tapld equilion &
ranton sequential mechunion voxld e Sndiexted 5 TGETP e sometiive
sgeinet 722 and AIP. o present results would nok e Encansletant with
& tapid vangm moshanisn 1f the enyme could Zorm &, dead-end B-ADP-TP
campilax (Cleland, 1963). However, in view of the lirge aizd ol TP md
AP, e o tha fact 2hab ¥hey Frotatly socupythe s 280 o U
enre, ouch 3 mechasien seens Yoy SERikoly. e

St svidance. st he aechanion of nomel st Tuman 14ver.
00 L 224 hepatam typas X pyruvats kinases b probabily, ordered, cunds
xch the taoteps arhingo zemles,  Tha Zindtag toab Lo gzt to
P2 exchange could be elintmated o6 bigh NgE/ADP Jevels (Rig. k), i
el sugeant S3at olthes cna o ot of the varted rsctsbta s |
ot the Labellad raaskant; -Simtlarly, the AP x Fr o ¥EF
exchangh cott 1 alintashed €0 Mgk pyravate/ 02 davels (S5, k351,

©
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Mthongh thoo Taton Sidingo ool ba abirited S0 doudad B
mmu tmxhw“h FoE equize ane to pastilets an B-ATE-ITE :
copiag, veieh o wilikdly.  Elintaetion of mshimge could Bovkver
oo W Gutatied 1T the’ shetrate of Shewaniod pals SIBIVICSR 0
encyas (errtoon and flaland, 1965).  Mitongh no aubstrata SMSHLIA
a0 abtatond vish bopatans. 90 5 speete Kinase, LobbALon b W
Sevals of ADP weve o it woreel alalt Hver type L prcvata kit
In the present stuty.  Staflaxiy, rat Mver s bunan sEpthTors
svest Yinasss have bean foust to %2 NG by high loveds of 206
(Ramaka ot 1., 1967 ant Stasl ot gl., 27D,  Fowewer, as the Fevtopr
oxstango pattarn of norael e type T ad hepatora typos N yreate
‘einases vere g0 sixtlar, and 31 20 substrato nRikblon was Shtalaed with.
ho apatama +79¢ ¥ sprUvate inate, 18 sacss WAlSkey $hat e elintras
st ot Lopyrovate to TSP exchange oa Ancrassing the YsATR/ADP Levsls:

can salely be aviriited So subsirats dnhibtrien.

T conlusion, 1 afpesrs thet the veastiim mashanisms of Wth - .
Aover typa T mnd tyDe U are dertioch,  The nrdered weshmies shom
‘saenatinally shova Zits a1l aveilablo date, B & Yepld aqpiliteic
anlton schortam oarmet 0 eniraly exsledod, .
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L0s) Tom Tovals of scon ghasase setabeliatag e vere ostinsted

55 36,005 scparnatauts of sxverts of host md cimcerows issues.of
petoary aman berotenas 404 45 o Tocoal adit st Tostel Lives,

(8) e the enzyne Jawals vare eobinsted in &iffersnt szalas of &
o ume ol a1t Tiver e mlk 43 1 eLCfereot sumgles of host .
tisma, seme variation vis fuund. I smite of this, Siguificant

@ifferencae vere fowmd batvuen the lavdls of some of the glogese

setsboltsing ensyres of host, s cancevons tasee.

(6) 4 comparismn of 4 snams levels 1n cancervs Hes of @Hf-
Serent hepatoces with hose of Thelr resprchive Rost tissae showsd

thrt tho stmsphogincanitase, fructose-2,6-diphosphatase, -glycersl-
phosghate doby astate ant, n
Lovels vure somrisbantly dover, werest the FDP/EIF sldolass sotisity
7etitos wire olaveted in cincevoss Hasus,  When tha data cbbeined v}

diffaront ot and canceroes Si.saa uere’ poslsd and atetistically P

avalusted, thess diforences were found to be slgnfiontt, ko

- p— ot
e e o e i st e
e it et e m it
e e o e v

el a0 i eon iSarace e TersEtiv o 4 5
sancerms Flsss, bub aversll sroved to b signiflcently elevated 3" it
wnms oo i it e S i 49 oo

e |

+ insse, 4scnsrass, o

R
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onclaie astivitien, s vl 25 th elslese actirity with T, ay

{4} & comperisun of ¥k giucose utabelising anayoss in eriracts of
s 43538 snd Zostal Tirers shovad *5e Phosploginesautase, froctose-ly
6-dighosphiatase and aw-glyscrolslospte dohydrojerase lewls to b 7
o 42 fontal imors.

2 {4) The dsoensymms of various glusces metaboliziog encymsd presest
2n 36,0008 eupornatents of aormal sdult husen Yiver, sad Wost s
osnmerams Siswue Gf prinety b bagetosas ez sepexetod 1y stercy, .7
el saectrophorests.

) The bevoidsase and pyrusate Kinsse Tsomayme pitterns vee foend
40 duffer 1n the Gifferent tisaus Lypes tosted. Those of Cuncerows
. reswibled those of fast-frasing rab hapbosas. .

(6) o difforences were fomeé in the Lastete debyirogenase, gl

cercighossiate ddyazogenase, melate tabpdrogumsas and Seisesphoopiate
Sacuarase $homirns prtteras f porcal sl Huaan Meor, best &

coesens thasn. T vos S snctaded s 2he o Gituiens <
g
T ——————

32} Tye L prvats Xinass was pasislly pevisied fran nehad e

adeds Javer and type H £ bopatans and Soeted Mvers.  Farificabten

Frocesties Sacladad i sulpbste Sractiomutdc, acetone Lractiods-
450 a3 molaculer sisving on & Sashadex 0-200 colmn, - The % Lsowmayim
ss peactpitatad fn the 25 <376 punnion suishete Sracotes, viexies S
Htncsnaymea wace Joseted 3n e 50 -T0F wetentim, sulphat frastizm. | !
By catng s Frocedive 3.3fot punaticebion md 199 Piels vas

obtained »atk the Lvor type T Taoenswme, ® 62.5-01 purifioetion snd
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35 yiald'vibh ehs hepatosa type  prruvate Kinase and s B3S-fols  C
porificebion and 5,1 yield was obtained Wth thi- fostal type M Lso- «

enagma.

(8) 373 studten uetng thesn thevo preparations revealéd ‘striiing

atrravances. ;

() Liver wpe T pysvate kinase dtsplaied aliostarie Wngting wiédt

rospect o PRF, Thess conld be anhanosd by atloatiric Saitbitors, viae
25t i 9 s e e

tote-2, 6-iphosphste acvivated this lsossasin, decreased She Ky Tor B -
e 0,795 0 0,11 and charged the Kinstios fros stgwtdal fo bypers | - -
telic,  This feomame could aleo T~ activated by Terias othe proe

cursors of FEP such a5 Fractoss-6-phosghate, fructose-1-phnsphate,
phos .

e , |
e et s ot ot

activators Lested, fructose-1,6-d4pkosphate waa e nost peteid vith &
y velue of 0.3 - a.Spt. :

() The kinetics ef the epatists and Toetal Lscensymes w4 rompach.
o FEP ware not atfested by any of the afure:intiensd astivatersd

{e) 4L e eomuyaen were dliestaricelly inhtbited by AT, D
danine, sierave g #5P, Vornal Sover type I syruvate kivase ws
sara anatsine to TP end ciwcte dnhibitics, bub less seRsitive to AP

nbivition han either of e typs I isownzmen, AX1-fhren Lsvwstymes
Sested wers Boerer-oquelly suscéptinle to Ditlurios Sobibiticn,

() oo dabavdon of $ha L Lassoryms 1y thine orpovais toula e

2saved by Ssabtoon-1j6-divonptnta. O the othes band, frublose-in
oF Scighrphate cordd aily everes the alamize inhibition of the Depiters
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and Zostal types M qyruvate Kindses. It &1d hevaver, alai perifally .

_revorze tha cibrate fnAIben of both ¥ type Sscansmen ab bigh

Gitroho levele aa well au tha AP Aohibition of the Lontal tecansyng.

g} Trod these reswlts 1t wes conoluded that the mroperties dfemlujed
by 24vor tpe L pyuata Kinese neke £t ost. suited for contral of Lotk
inoonoogenasts and giyeatysia.

() Tho 1gC, rematraments of $1% three proparstions were fotnd bor

ba stntler and to be ditered in 3he prosante of AZP and FIF, :
~.
aor o the

) Plots ohoved pifirrate 1oAEn.
norssl 1507 Gypa % Laceneyes, exd refdacted the sllastaris Saberaction
o s Ssoomayme Witk respoct to PEP,  Phey showed no dnbibition by
High ADP levels of the hopatons t7pe H fooenayme, but gave nen-Uinear

Blota vhen the restprocal vléolty of this iscanae vas esbiaated 35 a
funétion of 4he rectpracel FE? conconteation. On tha athor hasd, the
fovtal Ssvenayme showed simplo Michaadis ', . soon Kivetics wtth respect
o both ADP and P59, thus Andiceting thet tho properties of the hepa-

4o and foste 7o ¥ Lrommaraas sxe ditterent.
(3 Phe tichasdie constants cbtatnad fox ADP of noraal Mver type b
srrvate Kinase (05600 vas highas han that of thi Sepatoma (0,260

and fostad type K (0,20 Sooeneymen.  Th {Echeslia constait; for FEF

of morsal Jiver type 1 pyrovate Finase ves sl Wighor (0.55H) toan” .
it obtatned for the fostal type  Snonnazs (0,058 sa Ll a8 tha
 for 80 at o saptens G750 X s (0. 1080

) Protss Anhsbitor stuties shoved sémecompetitiva dnbibition of
0P Gy UghIP for both tha Mover t7pe L end hepateza type  Lscemeyzss. ©
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s PR

. 0n the obhix hand, thie {nh(bLCLoY of HGATP versim PP vas compelittie |
it the Toral Tver type L daoegie. P S

(1) Tookoge sushangs statias vith 4na ver bips L and bapitms -
iype M Sdoanaymes shovid that the opriuats bo b exchanga bowtd 0
. b eatmtnated ab Bigh BAP/ATP Lavels, Also, ths MP-g ST e PR
apchangd oatile be elintnsted 2t high syruvate/A0P leveds. . fodhver,
the 45P-57PP 4o PEP uxchangs vas soenced on vatsing the KeW/ESE
@ aaveis,

- (R)  Fron she oitisl wloctty, prodet Subiintar md Lwotopd N ¢ % o
exchange Studien, 4% wap canclulsd hat Yus mechenten of reactioy

S simtlar for Miver type L and hapatona types M pymavats idnabes.

the remits are constatent with & Seqantial ondened mechenion i
o aditng om o the eayme Tt end WP sombog off st -
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