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Ab stnacü

Frucboso 1ró-dl.phosphabaso (FDPase ) (D-Fructose

1 r6-dlphosphate 1-phosphorylase , EC 3"]"3"11 ) was

purlfjed fron chlckon Llver and chlckon breast musclo.

Tho enzyme s r^rero f ound to bo homogene ou s accordl-ng

bo tho followlng criterla of purlty: puniflcatlon to a

constant specific activltX, olectr"ophorosls on cellulose

acotate strips, absence of other" glycolytlc enzyms

activltios, and sodJ-menbaüion velocity stuclles" Chlck*

en l-i vor FDPaso ïras also te stod f or homogeno lty by

lmmunocllffuslon on aqar and by crystalllzati<¡n of bhe

enzyma 
"

Electrophoresls ab pH 8"8 and lsoeloctrlc polnt

doterminetlons indlcate that tho avlan lsozymos dlffor
in their electrostatlc netur.os"

Tmn:unologlcal analysls by doirble dlffuslon on agar

and quantliatlve preclpltin bests r,vJ.th anti-serum to
chlcken llver FDPase indlcate that the llvor and breast

muscle FDPases d.lffer lmmunologlcally, 0n the othor hancl,

lmmunological analysls show that pure FDPases of chtcken

ljver and the FDPase of chlcken kldney extracts aro

immunclogically slmllar.
Amlno ac j-d analysls of the two enzymos show that

the two onzymês diffor sfgnlficantly in the molar

ccncenbratlons of the majoriby of thelr consbltrrtive amlno

acidsn

Tho mol-e cular we lght s of the chicken llver and

chlclron brsast musclo tr'DPa sos t^rore dotonmlned by



chromBtography on Sophadex G-200, Chl-ckon IJver FDFaso

had a molecular vrelght of 131+r9Oo * Lp4OO while that of

breasb musclo FDPase was L52 ,o5O I 5Oo" In acld.lbion,

sedl-mentatlon coefflcl-enì: sbudlss yleldod a molecular

wolght of 143 ,J00 f or chlclron l-iver FDPase 
"

The dlfferences in molecula,r propertfes of the

chicken 1lver and broast musclo FDPases and bhe

lmmunoloqical slmflarf-ty of the chlcken livor and kidnoy

FDPases sugqesb thab thore al,'o two isozymlc forms of.

avlan FDPasêso Ono form can be considerod to be located

ln the ll-ver and kldney of the chlcken and the other form

Ln chLcken broast muscloo
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Intr oduc b ion

Fructoso 1u6-Clphosphataso (FDpase ) (D-Fructose

l 16-Ciphosphato 1-phosphohydnolase , EC 3,1"3"I1 )

cafalyzes tho reaction D-frucbose 1r6-dlphosphate +

H2O*øD*fructoso 6*phcsphate + crthophosphate. Thls

has been doscribed as one of the key, rate-lLmtting,
lrreverslblo reacl:l_ons of gluconoogene sts (92 )" It
is currontly posbulated bhat control of the actlviby
of bhj-s enzymo by metabollte o alloster'ic, ho::monaI ,

and gonobic effectors cån act as onô of ühe rnoans of

regulatlon of the rate of synthosl-s of carbohydrate

from rrort-carbohydrato precursors n

FDPase has been lsolatod fron numorous biological
sourcos (5-B u 17, 18 , ZZ o 23 u 37 u t+5, bB, 7I*77, 80,

85)" Of particular. tntorest 1s the FDpases Ísolated
fr.om ¡rammalian llvor (8 u Tl ), kidney (IT, 37 u l+5 ),
and skelotal muscLe (18)" A comparlson of the data

from studios porformed on ths FDpasos of these tlss-
ues lndlcabes differonces in catalytlc, allostorlc,
and molecular propertlos" A conpârlson of the mol--

ecular propôrt le s of llver , kf.clney, and muscls FDpaso s

lnclicates a groater degreo of slmilarity between the

llver and kidney FDPase s than tro twoon tho so ti^¡o and.

the muscle FDPase. Dlfferencos tn orectr"cphorotlc

rnobill-t1os, lmmunologtcal eross*ioactlvltyu ancl amlno

ac i-d analysLs but slmil-ár.l-t te s in ¡norecular wo lght
anrl subunlb structure lndIc.qte that thers aro two

dlst lnct lsoz¡¡me s of rnammaJlan FDpase ; one pro sont



Ln 1lvor anC kldney and the other pre sent l-n skeletal

rnuscle. It has been posbulated. that each of theso

enz),mos has a dlstl.neb physfologlcal ro1o. Tho 1i-vor

onzymo 1s malnly lnvolved l-n glueoneogonesls (92)

whj.le the muscle enzymo sooms to be lnvolved ln negula-

t lng glycolysf. s (30, 53 , 5l+) "

Although I eonsl-derable amount of wonk has boen

carried out with mammall-an FDPasos, very llttle 1s

Ìrnown about the no1e, funetlon, and. pnoportlos of the

FÐPases of aval-n tissues. Tho purpose of th.o presenË

study has been the purf.f J.catlon of FDPase from chlek*

en llver and ehlcken breast musclo and the d.eterml-na-

tl-on of sovoral of the molecular pnopertlos of oach"

A compari.son of these porpsrtl-es was mado ln order to

estimate the degree of dlvergence betweon those

enzyme s o
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Rev Lerv of the Llterature

A speciflc fructose 1u6-diphosphabase (FDpase)

(nC 3.1"3"11) tnat catalyzes bhe reactlon: D-fructose
1r6-diphosphate + H20-Þ'D-fructose 6-phosphato + ln*
or.ganf-c phosphate was orf.gl_nalIy dLscovered. and l-
solated frorn nabblt llver by GomorI (23) fn 191+3"

Untll the symposlum, in 1961-g oh tho rolo of FDpaso

in gluconoogonesf.s (h4), relatl_vely Itttle lnterest
was bakon l-n thLs enzyme" Slnco that tlme, howoveru

FDPase has been the subJect of numorous lnvesbf_ga-

tlons lnbo lts purifJ_catl_on, lts chemfcal and

physlcal pr:opertl-os, i.t s role l_n carbohydnato metab-

ol-l-sm and l-bs regulatLon"

A- Rolo and Goneral Proper_ties of Fructoso 1.6-
Dlpho sphaba se

Generally speaklng, 1_t has beon found that
FDPase, l-n lts medlatlon of ths above Lrreverslble
reactlon, plays a key rolo f_n gluconeogonests by act-
lng as one of the nate-llmLtl-ng enzymes of the over-
all process (93). Hence, regulation of glueonaogenesls

could bo achelved by conbrollJ-ng tho acblvlby of bhls
enzyme, FDPase has been i.solated from unLcellular

$, 22, I+8, 73-76, 85)u plant (72 u B0)¡ polkf lotherm

lf.rrer (6r 7), amphi-blan muscle (77), mammall_an liven
(Bo 23, 7l-), mamrrallan kidney (l-T, 37 o I+5), ancl.

mammallan muscle (18) sources" It hasu generally boen

found to ìro subJect to allostori.c inhrbr-tr.on by AMp

and hlgh substrabe concentratlons; has a hlgh afflnl_ty



-h_*

lor f.bs substrato; has an absolubo requirenrent f or &

dl-valent metal such as ï,1g2+ o* Mrr2*u and is acblve l-n

the physLo1og1ca1 pH range i.n the presonce of a cholat-
fng agent such as EDTA" rts actLvtty is also affected
by lntenactl-ons of ÞH, tomperaturo , and. tho above

effectors" Equally lmportant ts l_ts regulatf.on by

nutrJ,t lonal , hormonal , and genetlc control mechanl_sms

(93 ),

A knowledEe of the comparabf_ve propertLes of
FDPase from varLous bl-ssues and spoeles has enabled

researehers to surnlse a mors preef.se nolo of the

enzymo 1n the regulatlon of carbohydrate metabolLsm,

Tn some caso s (5 u 6, 7) u those rnotabol j.c rolos havo

been corrolated to evolutf.onar"y ad,apbations whlch the

onganísm had to mako ln order to make efflclent u.se

of its envlronment"

R" Propertios of Fructose .1 "6*Dtphosphabasos from

Var'lous Mammallan Ti.ssue Sour_ces

Durf.ng the past decade, several lndependont groups

of resoanehons havo lsolated and stud.ted the catalytle,
allosteric, and molocular prop€rbr-os of the FDpasos of
varlous msmmalf.an tlssues. Thoso groups have baken

speclal l-ntorest ln the l-solatl-on and def;ermlnablon of
bhe characterlstics of FDpases from mammarlan llveru
kldney u and skelebal niuscre sourco s " The most extenslve
studies on rnamnrallan FDpases have besn bhoso of Horockor

Pontremorl, Poge11, and assoclatos. These researchers
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have been maLnly concerned v¡l-bh the propertl-es of

purlf i-ed rabbi.b 1l-vor FDPase (57 -6].t,, 66*7L) " Re-

cently l:hey have purf-f l-od FDPase from rabblt skeletal
muscle and have carried out determinatlons of some of

lts kinettc and moleculan propertf_es (18). Bonsl_qnore

et al" (B), Marcus (37), MenclicLno et al-, (l+5), and

Enser ot al. (17 ) have also canrled. out j_ndopendent

studlo s on purl-f led rat liver , swf.ne ktd.ney , and

nabb l- t kLdney FDPa so s u

A Compar.lson of tho Catal¡¡ble Propertl_es_

It is a wolI undorsbood fact that bhe activlby
exhl-blted by any glven enzyme l-s strongly affo,cted by

the condltlons und.en v¡hl-ch the assay ls car.rled ouËo

A glven effecb may be consl-dered to bo due to the

catalytlc properties lnherent to tho glven enpymoo

fn the case of mamrnallan FDPasos, varlatlons j.n actJ_v-

Ity under varyl-ng condl-tions may be duo to the inherent

substnato sp€clf 1cltX, d.issociatl_on consbants (Km ) ,

substrate inhibLtion, requlr"ement for catl_onse and pH

optlmum of the enzymoso A co!.npariscn of bhe marnma-

llan llveru kf-dnoy, and muscle FDPases on the basis of
bhese catalytf-c proportj-es may grvo an inslght inbo the

dlfferoncos and slmilaritles botween these onzymes,

Pontromoll st a1_, (71 ) found that purified rabbit
1j.ver FDPaso \{as capable of catalyzing the hydrolysls
of sedohoptuloso 1,7-dtphosphate (SOp) tn addÍtlon bo

be ing ablo to catalyzo bhe Lrydr"olysls of f ructose r ,6-



*6^

diphosphate (F'DP). The rate of hydrolysls of FDP was

about 1"6 tlmos ttrat of SDP" fn earlior oxporfunenbs

wlth purlf led rat ll-ver FDPaso, Bonsignoro eb al. (B)

found that the K"n for the roaction with FDP was âpprox*

inatoly 25-fcld lor'¡ei: than that for SDP while the ratlos

of the activLty of the ênzymo wlth the tt^¡o su-bsbrates

always approxlmabed un1-ty. FoI"nando gt al. (18) also

found. thab rabblt muscle FDPase cabalyzos the hydrolysis

of the substratos at approxlnaately the same *ate. 0n

the basls sf these studlos and the facL that the physLol-

ogf.cal- rolo of üho hydnolysl-s of SDP has noü boen ostab-

1l-shed (65), i.t may be bentattvely saj.d. bhat FDP cori-

st l-tute s the ma jor sub strabe of the lLvor enøyme " It

l-s not apparent from the 1l-toratur"o availablo v¡hether

or" not thls holds brue for marnmali-an muscle anrl kldney

FDPases o Howeven e sÞ€culatLon doems that FDP i-s prob-

ably the nnajor substrate of these FDPases as welI"

Mammallan FDPases have been found to be actlve at

1ow substrato eoncontratlone. Sabo and. Tsulkl (79)
2+reporbed bhat, at pTI 7.1+ 1n ths presenco of 10mM Mg- e

the FDPase s of rat llver , kf-d.ney, and muscle exhlbttecl
L

Kmts of 2.Ie 2,5u and l¡.0 x 1O-'Mu respoctlvely"
/

Bonsl-qnore et alo (B) reported a K-rn of 1n2 x 1O-2 t't ab

pII 9"0 at opti.nal Mn2+ conc€ntrati-ons for rat ll-vor"

Pontremoll eL al" (69) r"eporbod that , in ttre pro sonce
c+- -- 2+of elthor Mg'' or Mn" and at pH 7,5, rabbit livor

F'DPase exhtbtts a Km of loss than ] x 10-6 M"
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Hcwever, they found that, at pH 9,Lu rabblt ll-ver FDPase

exhlblted Kmts of t,.3 x to-6 ttl ln the pres€ncs of Mg2+

and 2,6 x ro-6 itl l-n the presence of Mrr2o. Fernando et al.
(18) reported a Km that appears bo be ln the ordor "; 

-.

10-6 M for muscle FDPaso at neutral pH ln tho presence of
2+

5 nM Mg , which was f-n agreement wlth the values 16-

pcnted by Knebs and Woodford (30), In the presonc€ of
Òt

0"5 mM Mn-' and ab pH 9.3 the enzymo exhlblbed a Km of
-A3,5 x 10 " M, Thus, Lt seems that mammalf-an FDPasos

are actlvate at approxlmatoJ-y the samo substrato corl-

centrat l-ons , f-rregardle s s of pH or cat lono

Ib ts of lntenest to noto that mammallan FDPases

vüore subJoct to tnhl-bltj-on by excess subsbrate con*

centrablons (18, 30u 50, 79) " Sato and Tsui-kl- (79)

nopor.terl that concentrat lons of FDP hlgher than
f

5 x JO-) M lnhlblted rat 1lvero kid.ney, and skoLotal

muscle FDPases to sl-mllar extents" Nakashima et al,
(50) neporbed that, for rabbi-t lLvor FDPase, at I x

1o-3 M FDp and in tho presence of olthor Mn2+ or Mg2+,

the nate of hydrolysl-s ls only abou?,50% of the op-

tlmum rabe" At hlghen concentratlons the onzyme was

inhiblted moro than BO/". fn contrast, Fernando et aI"
(18) reportod that, at pH ?,5, rabbi-t skeletal muscle

FDPase was lnhlblted by FDP eoncontratlons greater bhan

2"5 x 10*6 M" Howeveru in tho presenco of Mn2+ and at

alkallno FlI, no lntrj-bi.tf.on of the enzymo rrrås observed

ab ühe hlghest FDP conconl;ratlon used,
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The pï¡osenco of Mn24 or Mg2+ was founrl 1:o bo

requlrecL f or actlvity i,n the FDPasos of rab lJver (B),

rabblt l-lver (69) , and rabbl-t skelotal musclo (18 ) "

Bonsl-gnoro eb alo (B) f ound that u for rab llver FDPase u

optlmal concontnations woro 1 x 1O-l+ M for Mn2+ and
-h Z+

7 x ÌO * M fon Mg-'o Bonslgnore ad.ded. thab the results

wors not depenclent on the nature of the anlon uttlLzed"

Pontremoll g! q!" (69) roported thab rabblt 1lver

FDPase 1n the presonco of el-tho:: i,{n2+ o, Mgz+ oxhtblted.

lLttle actlvf-ty tn the neutral pH range but a maxlmum

actlvlby at pH 9o0. McGtlvery (l+3) reportod that for
nabblt liver FDPase, ln tho presence of Mgz+, the pH

optlmum l-s j-nfluenced by bhe concenbnatlon of the cstion"
2+

He found that tncreasf.ng Mg concentratlons shifted the

pH optimum of ll-ver FDPaso fnoni pT{ 9"0 to pH 6o0" In

the caso of skelebal muscle FDPase, Fernando eb aLu (18)

found thato rrlth |-LO rnM I,îg2+, bhe rate of hyd.rolysts

of FDP by the onzyme shor,¡ed a maximum at noutral pll"

'trlhen the conconbratl.on cf ltg2* "os decreased bo 0,5 mMe

the pH of maxlmum act lvf.ty shl-f ted to B,0" In the case

of Mn2+ , a"5 mM Mn2+ gave hlghesb actlvlby at pïr 9.3,
with a so c oncl. , smaller max lmum at pI{ 7 . 0. Hov¡over , bho

1lver and muscl.e FDPases of rabblb appeared slmllar ln
bhat l-ncreaslng Mq?o concentrat lons $hlf ted tho pH

2+
opti.ma towards üho neutral regf.on whf.l-e Mn gave a

predomlnanbly al-kaltne pIl optlnrumo The cablon rcqulr.e-

nsnts for plg or rabbLt kldnoy FDPaso has not been
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roporbecì, Varlous researchers (17 o 37 u \5), howevoro,

have conducted s.sseys fox those onzymes Ln the prosonco
.2+2+Z+of 7.5 mM Mg- , 12 ml.f Mg" ¡ oF 0"! mlf lulg o

The final facbor ln the eonsLdoratlon of the cata-

lytlc proporbles of tho varlous FDPases l-s the effoct of

pH on thel-r respective actlvltl-os. Bonsf-gnone g! q-1, (B)

reportod that, for rat l1.ver FDPase, the maxlmal rate of

cloavage of FDP occunred at about plI 9n0" Ponürenoll

et a1u (71) also r.eported a pH opblmurn of aboub pH 9.0

for rabbtt liver FDPase tn the prosence of elther Mrr2n
tL

or Mg- ' " Hov¡even , McGllvory (43 ) reporbeC the pH op*

timum of rabblt llvor FDPaso was dependent upon the
tL

Mg-' concentrationu Fornando et elo (18) reported that
tho pH optf.mum for FDP hydrolysis by rabbit muscle

FDPase was dopond.ent on both the naburo of the aebivatlng

cabion and l-bs coneentratl-on" Those aspects hsve beon

dlseussod Ln the precedf-ng paragnaph. No i.nformatl_on

was evaj-Iahle on the pI{ optlmurns of any of the punl-ff.ed

mammall-an kldney FDPases (2Or 2!r 22). The pH for the

assay of pLg ktdney and rabblb kldney FDpases rüore 8"2

ln the presence of 0"! mM EDTA (37), 8"0 l-n the pres*

ence of 5 mM cystoino (l+5), and 7"5 v¡lbh no ad.ded

chelablng agonts (17).

The basl-s for the l_nelusj.on of 0"5 mM EDTA tn the

p1g kldnoy FDPaso reactl_on mlxture (37) was that the

FDPases purlfi-ed from several sourcês (5r T3r 75) vüere

found to be actívated withln tho physi-olog1-cal pH range
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by tho pres6nce of EDTA. ponbremolt et al . (69 u 7L) dld
not report r.¡hoLher EDTA kras required for r.abbit rlvor
FDPase actlvf-ty ln bho physiologi-ca1 pH rrango u Howover,

Ln several of thelr subsoquent reporbs on rabblt ll-vor
FDPase (51, 60, 63, 70), lov¡ concentratlons of EDTA wero

pnesent Ln aBSays eonducted tn the physlologf.cal_ plf

rangô" Recontly, Nakashlma et al" (50) reponted that
although a Z-fold rncreass in the actlvtty of rlver. and

kldney FDPases ab pH 7 "5 ln the prosence of vory low

concsntratlons (5 myl) of EDTA was obsorved, bhe pH op*

tlmum was stLll around pH 9"0 rn the presence of elthor
Mn2+ or Mg2+" They suggosted that FDpases requlre a

ehelatlng agont for maxj.mal actÍvrty, the besb, to date,
bef-ng EDTA" Fornando et q!" (ra1 neporbed. that rabbtt
muscl-e FDPase exhiblted no rêqulrement for EDTAn They

al-so stated that no effect of EDTA was obsorved r^¡hon

bho enzyme lras assayed with l,rg2o oo Mrr2o rt neutral or
alkallne plT or prolneubated. wl"th EDIIA (1"0 mM)"

Sevoral resoanchers (17 , ZZ u 73 u 75) have also
observed that cystelne sttmulated the acbrvf.by of
FDPasos fnom vanlous soLrrcos, Bonsl-gnore of sL, (g)

and FernanCo et_ a1" (18 ) , l_n contrast , noported. that
rat llver and rabbLt nuscle FDpasos dld nob have a
roqulromont for cystoine 

"

As all glycolyt l.c react ions take place arounC pH

7 (36 ), 1b aË)poars that rabbit livor and. rabblt muscre

FDPasese ln ordor to bo maxfunarly active at this pH,
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must be actlvated by sorn6 physlologlcal compound" Pontro-

mo11 et a1" (69) roported that the lncubatlon of rabblt

llver FDPase wlth 2 ,\-ai.nltrof luorobenzene , ln bhe pro sonce
)J-of Mn'-, qs.ve â 3-bo l+-f old lncroase ln ac ti.vlty at pI{ 7 ,5

and a smal1 cleereaso fn activlby above pIT 9n0" fn tho pros-

€nce of ivigZ+u there vÍas a docroase 1n activlby ovor bhe

entlre plT range, bub, again, the acblvtty ab pH 7,5 tended

to apnroach that at pH 9.1. In a subsoquent r"eport, Pontre-

mo11 eb ql" (68) statod bhat dlnltrophenylatton of â slng1e

cystelne resldue caused the actlvatl-on of rabblt llvor

FDPase, They suggestod that dl-nltrophonylatlon or

Lncreaslng bho pH causecl Clssoclatlon of thls sl-ngle

sulfhyrìry1 group and, hence, the ectl-vlty of the

enzymo hras enhaneed." They also suggested thato âs

dlnitnophenylatlon of the enuyrno dLd not block the

enzyme activlbÍ, thls sulfhydryl group can not bs part

of the actlve slto J.tself but must be located at an

allostorlc slte, such that lonlzatlon or dinitro-
phenylablon rosulted in a chanqo in conformati-on of

the prote 1n.

Tn the case of rabblt musclo FDPaseu Fornando eb

a1n (20) reported that dlnltrophenylati-on of ths enzyno,

ln bhe prosence of Mnz+, gave actÍvation over the

enblre pH rångo" Tho acblvatjon was greabost at plI 7,5u

at whlch pt{ the actl-vLty r.ras ectrual to that at pTI 9,2,

'vilhen Figz* r^¡as used as the catlcnu dl-nttrcphenylatlon

of bhe onz_rr¡¡6 caused an overall rlecroaso ln actlvLty.
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By analogy wi-th the rabbit ll-ver FDpaso, bhey assuned

bhab dlnl-trofluorobonzono was reactf-ng wlth cystelno
re slduo s 

"

ïn anothon reporb, ponbromolJ_ eb al" (ZO) stated.

bhat, 1n bho presence of luln2+ and at pH 7,5 o rabbtt
llvon FDPase i^ras napidly acblvated t¡-f old upon Ln-

eubablon wlth cystamine" Thls acbtvatlon appeared. to
be due to a sulfhydryl-disulfrde exchange reaction be*

tween proteln sulfhydnyl groups and cysLamlne, whj_eh

r^¡as roversfble by treating the modtf led protein with a

sulfhydryl reagont such as glutathÍone or cysbelne"

Pontremoll of al. suggested that thls roaetlon may

play a physlologlcar role tn the regulatlon of FDpase

actlvlty. support i.s gf-von to bhls tdea by neporbs of
eysbanlne occurrlng l-n mammall-an lLven as a producb of
pantobhonie ac j_d metabolLsm (15, Z].) " On bhe other
hand, Fernando et al. (eo¡ reponbed. that rabbl_t muscle

FDPase ls nob actf.vated by dr.surfide er.chango wf.th

cysbamlno, whlch has not been reported to occur ln
musclo 

"

Reeontlyo Nakashlma et aI" (51) reported. that, at
pTf 8"5, rabbit 1l-ver FDpase l-s activabod. r+-to 5*ror¿
with oxldlzed coenzymo A (coa¡ e* acyr earnlor proteln
vla a dl-sulfids exchango roacbion" They found, how*

€vor, that the enzyrûe eould be acbivated h*fo1d aü

neutral pH by roduced coA in rn¡bat appeared to bo an

oxlclatlon reactl-on" Thoy roportod that bhls actLrratlon
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could bo comple tely roversed by breatn'renb v¡lth sul-f -
hydryl reagents, such &s neduced glutabhiono or

cystol-ne " Thoy sugqosted that moriulatl-on of FDPaso

actl-v1-ty by morilf lcatlon of sulfhydryl groups, as

reported for dlnlbrofluorobenzeno (67, 6Bu 69), may

be carri-ed out by two natural compounds, CoA and acyl

carrier proteln, They also suggested bhat the act*
lvabed form of the enzym€ appeared bo bo a derlvatl_ve

ln whlch the actl-vator 1s llnked to tho protof.n by a

di- sulf ide brtdge. In a sub soquent roport u Nalcashlma

ob a1." (50) neported stmil-ar although smaller actlva-
tlon of rabþLt kidney FDPase by CoA and acyl carrl_er.

protoln, Activatlon of bhe kldney enzyme hras obsorved

at pH J"0 wI-th reducod CoA or at pH B"l wlth oxtdLzed.

CoA.

Recently, Pontremoll and Honecker (6il cited
unpublished data indlcatl-ng 10-fold actlvation of

nabblb llvor FDPase at pH 7.5 by homocysbelne ln tho

presonco of either Mrr.2+ or Mg2+. They roporbe d that
the reactLon is rapld and ls ev6n more rapl_dly

reversible by glutahhlone, cystelne or other sulf-
hydryl compounds.

0n the 'basls of the abovo dlscusslon, lt may be

concluded that 1l-ver and muscle FDpaees are dtfferenb
ln bhat the muscle enzymo does not roquf.ne EDTA f or

maxl-mal acblvity ab physlologlcal pII r,¡hereas the llven
enzymo does. They ar€ sfunllar tn many othor respects"
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Both exhi.bl-t:naxtmal actLvltl-es at pH 9l-n the presenco

of 1or+ concentratl-ons of Mn2* o" l4g;2+, l^Il-th hf.gh lrg2n

concentratf-onu and. the presence of EDTA l-n the case of

tho llvonu maxlmum acbi.vtty ls observed ln both enzymos

at neutral pH" I\Íammall-an Ij.ver" and nuscLe FDPasos also

appear slm j.lar l"n thelr capsctty to be actlvatod, in

the pressnee of Mn2+, at pH 7 "5 by reaetlon wl-bh

dlni-trofluorobonzene" They also appear slml-Iar ln thab

dLnLtrophenylatlon of a slngle sulfhydryl group causes

the aeblvation of the €nzymo, Holore.ver, bhe mammalian

llver and muscle FDPases seem dJ-fferent ln bhaü tho

llver onzyme Þras act'rvatod l-n bhe physlologf.cal pH

rengê by cystamlne whllo muscle FDPase was tlot act-
lva ted " Tt ls nobeworthy that rabblb 1lver and. rabbl-b

ktd.ney FDPases have boen reported to be actLvated ln

the physi.olcgical pII range by several physf.ologf-cal

compounds such as cysbamlne, CoAo aeyl carnler probef.n,

and homocysbelne " It 1s also nobewor"thy bhat thls
acblvation 1s rovorsed by physf-ologlcal sulfhydryl req-

gents; . such as glutabhf-one and cystoine 
"

A CompeL.lson of the Allostejlc Propert j-es

FDPaso ls consJ-dored to b6 an allosterl-c onzymo o

The basls fon thLs statenronb f-s i-ts exhlbitlon of

several charactorlstics of a}]osterlc onzymose such as,
Itts inhLblti"on by adenosine 5 *monophosphate (AMP ) (BB)

and tts regulabory functlon Ln gluconeogonesls (92).

Taketa snd Pogell (88), Newsholme (52) , and. Mend"j-clno
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and Vesarhely (h6 ) r{ero among the f lrst lnvestiqatons

to report the LnhlbLtlon of FDPaso actlvity by AMp"

Slnce thone sonsttivlty to the presenco of AMp has

been reported ss a property of FDpasss from vriclely

dlfferent biologl-cal souncese (6, 7 , lB, ZZ, 3T u 38,
I+6, 600 7l+,750 77, B0).

Specif Lc f-nterest, i-n bhl_s rovlew, li.es ln tho

lnhlbLtl-on of mammallan FDpases by AMp. pontremoll

et al. (60¡ reported that l- x l0*l+ M AMp caused. a

6l+% lnhibltion of rabbi-t ltver FDpass i-n the presonce
2+.r2+of Mg or, ß% inhibi-tlon f.n the presence of Mn o

l{arcus (38) reported that, at pH 7"5, the prosence of
1"1- x r.0-l+ M Aï,rp inhtbited ptg kl-dney FDpase by 7B%"

Fornando eq qJ-. (fS¡ roportod that, at neutral pHo the

presenee of 5 x l0-/ M AMp l-nhlbitecl. rabblt muscle

FDPase by nrore than 9Ty'"" SLmilar sensltivttlos of
skeletar muscle FDPasos from a varlety of anlmals have

been prevLously reponted (30, 55r 77)" Thus, lt soems

that mammallan musclo FDpase is more sensltJ-ve bo AMp

inhj.bLtton than mammalJ-an Il-vor or kl-d.ney FDpas€so

A ComparLson oL Molocular propertles

From bhe precodlng discussl_on, there appears ,co bo

several differencos i.n the choml-ca1 pnoperties among

the FDPases lsolated from dlfferent mammarlan tissues.
A compari son of the n:orecular. proportre s of the varlous
tl-ssue FDPasos also shows ttrat cortaln properbies of
tho enzymo s aro di-ff oront v¡hi-lo othors are sf.rnf-l-ar u
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The propertlos to bo compared are eloctrophoretlc
mobil-ity, l-mmunologfcal inactLvablonu amlno acid

analysls, moJócular welght, and subunlb structu.ro u

ïn a cornparison of bhe elecbnophoretlc mobllltles
of rabbl-b tissue FDPasos e Enser of al" (17 ) reported

thatu ln pH 6,5 buffen, ll-ver and ki.d.noy FDpase mt-

grated. towards the nogat lve elec tr"ode r¿Lth slmilar
moblll-tles. They added that a mlxburo of these two

enzymes mf-grated as a slnglo band" fn contnastu tho

musclo FDPase had l-lttl"e mobllf.ty undor the same con-

dl.bl"ons" ThLs i-s supported by Fernando of al, (20)

who roporbod bhat, at pH 7 "3 u the elecLrophoretlc

rnoblIlÈies of rabblt muscle and Il_ver FDPases wero

dl-fferenb. Re,bbit muscle FDPaso mlgrated towards the

s.node while the 1l-vor enzyme r.emal_ned at the orf_gln,

'aJhon a mi.xture of the two enzymes üras analyzed.u the

two bands were clearly separated"

Enser et al. (17) used immunologtcal bochnlques

ln orden to dotect any posslble structural relation-
shlpe betwoen bhe ratrblt FDPaso lsozymes. Ouchterlony

double diffuslon analysf-s on ager and tnhf.bltlon of

FDPase actlvity r.rlth antt-eerum to rabbl-t }r.ver FDpase

showed no lmmunological differonces botr.¡een rabbib

l-i.ver and k1-dnoy FllPasesô Howover, tho anbi-serüfü

qavo 1ltt1e responso to rabblt muscle FDpase tn
ei.thor rnethod used" Thess oÌ¡sei,vati.ons provlde addl*
tional evldence for two isozymls forrns of ühe gnzymo 

e
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cne prosent ln muscle and anobher l_n kldney and llver"
tl-ssueo

A compårlson of the lsozymes of à glven protoin on

the basls of aml-no acld compositlon ls a good. indication
of the degree of slmllartty that oxlsts boüwoon the

lsozyno s " Fornand.o eb aI" (f e ¡ reporbed thab rabbit
musclo and livon FDPase dlffered. slgntff-canbly ln amlno

acld composltl-on-. They found that muscls FDpaso cotr-

talnod nore glutamlc acid, leucinou tynoslno, and

arginlne o whereas bhe liver onzyme was richor in as-
partie acldo isoleuclne, phenylalanlne, lyslno, and

methlonlno" Krulwlch of alo (31) reported that rabbit
1l-ver and kidney FDPases vary stgnlf f_cantly in their
content of somo amino acLds, The¡r found that rabblb

1l-ver FDPase conbai nod more lysino and a spartic acid

whereas tho kidney enzyme containod nore argrnlno and

prollne " '

The moLracular" welghts of the isozymos of a glven

pr"obe in are genorally the sarne (28, 39 o 40, h9 ) . The

FDPaso s from manmalf_an llver , kidnoy, and s]<eletal

muscle sources have a molecular" wetght of approxtrnatoly

130r000 g per rnolo" pontromoli e! aL" (ZI) reported.

that sedimsntatj.on analysis in a sucroso denslby grad-

ient ylelded an S2Orw valuo of 7 "Z for rabbit lf_vor

FDPaso" Assumlng a spherlcal protein wlth a partial
specl-f i-c volumo of o'725 *rn3 per' g r they o st imated.

the rnolo cular we i ght t o be 13 0 u 000 g per molo .
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Ponbrernoli e_t al " (67 ) e st lmated the molecular we 1-ght of

the samo enz ymo by sodlmentation oq.u11il¡rlurn methods and,

from å partial speclfic volume of a"74.*3 nu* g es-

tlnated from the amfno acld coÍlposition, estlmated the

molecular wof-ght to be 127 cOOO t 13r0OO g por rnoleo

MenCiclno et al. (45) roported that tho molecular" wei-ght

of pf.g kf-rlney FDPase, ostimabed by sucroso denslty grad-

ient eentrLfugation, was about 130u0OO wtth an S20r,,¡ of

J,l¿ ancl a partial speclflo volume of 0"735 .*3 per ge

Sedlmentabion velocity exporlments rnrlbh bhe same enzyme

ylélded an SZ'ou, value of 7,5" The partia.l speclf ic

volumo of 0.735.*3 puo g r^ras calculated. from the amlno

acf-d eornpositf.on, and a dtffuslon consbant of 5"hh *

10*7 
"*2 

*u"-1 rn. calculatetl fnom Sophadex G-200

chromatography datau Tho S20rr¡ pârtlal speci.f j.c

volume, and diffusion constant r.rer6 combined uslng the

proced.uro of' Svod.berg (86) to yLeld an esbtmated molec-

ular weight of 1291500 t l0O g pen mole" The molecular

woight of pf-g kf-d.ney FDPaso was also detormlned by'

chromatography on Sophadex G*200, whlch yielded a val-uo

of aboub 130e000 g per molo, Krulwlch et al" (3I)

estlmabod bho tnolocular we f-ghb of rabblt kLdney I¡DPase

to be about J.39rl00 g per molou as estlmatod by sod-

lrnenbabion equtllbrium" Fernândo et aI" (18), by

neans of sucrose densi"ty gradlont cenbrlfugatlon, €s-

tirnatod tho molecular woight of rabhib skeletal muscle

FDPaso to be :--33,000 g per nole, uslng an S20r" value
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of 7 " 0l.r anC an assumeC partlal speclf 1c vclumo of O"725

.p¡3 por gu

Ponbromoll ot a1_" (66) reporbeC that rabblt llvor
F'DPaso hras rllssoclated lnto tr.¡o subunlbs by sxposuro to

pH 2.Oo They also sbated that analysLs cf the carboxy-

an<l amlno-ternJ.naI amlno acJ.rls conflrms the exlstence of

twc polypeptiCo chaJ ns anrC sugqe sterl that the se were not

l-dontical. Sla et a!" (82 ) reportod that rabbit livor
FDPase hras dissoclabed in bhe sodlum doCecyl sulfateu or

by treatment wl-th mall-c anh¡rfl¡lde, and yteldeci a rnlxture

of two di.stlnct pol;'peptLCes, wf.th molecular woLghts

corre spcnCf.ne to approxl-mately 29r000 and 36 r000 g per

r"nolo respectively" They also sbated that bhe pr€senc6

of two dlf f erent pept lrLe chal-ns r^ras srlpporbed by

bydrazf.nolysis oxÐerl-ments which yS.eIded nearly two

oqulvelents each of alanlne and glycine. They suggosbed

that o sinco FDPase has been shown bo blnd four equiv-

al-snts each of substrate and AMP, tho specle s dotected

may be dlmers of catalytf-c and regulatcry subunits,

respectivoly. Krulwlch et ql. (31) statod that rabbl_t

itlclney FDPaso, upon treatment wlth maIlc anhyclr:'de,

<ii ssociated lnto two pepti<Te sp€clos whl-ch corresponcled

to molecular weiqhts of 32e800 and 39s620 g psr mole,

as determlnod by sodi-mentatlon equllLbrium sxporlments"

T.To lnf ormatl on wâs åva11ab1o, f rom the lltoraturo, oF

the subunit struc ture of mamrnall_an musclo FDpase 
"
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C " Phys:Lologlcal Role s- of ths F{uctose } ,6-Di-phosphataso

fsozf,mos of Marnqglian Tlssuos

An lmportant consl-derablon ln a discusslon of an

ênzyme ls tho physiologf.cal rols of the onzyme " FDpase

Ls consldenod to bo a gluconeogenlc onzyme lnvofvod tn
fhe synthosls of glucose or glyccgen (92). Howovor, ln
the caso of the FDPases from mammallan üissuos, bhers

may be a dlfference ln phystologlcal roles ln bhabu whf-le

llver and. kldney are gluconoogenlc organs (9, 65), thera

ls no net synthesis of glucoso or glycogen from nyruvate
ln mammall-an muscle (30). Consequenbly, the elucld.ation

of tho nole of FDPase ln tho mammallan lLver , kf.dney 
u

and musclo tl-ssues may help to explain some of tho dtff-
oroncos in carbohydrate metabollsm found betv¡een those

tlsgue-q,

As mammallan 11ver and kldney aro both gluconeogenfc

organs (9 u 92) , thelr constttubtve FDPases are probably

pr'i.'nar11-y ac tlve ln the syntho si s of carbohyilrate f rom

laetlc acldc âs well as from the breakdov¡n produets of

pnotoin and ltpldo Pontromoli and Horocker (65), ln a

review of the properblos of rabbi_t llver FDpase,

sug8estecl bhab llver FìlPaso may be regulated by f.nhl_bltton

by AMP and tnductton of actf-vlty at neutral pH by com-

pounrls v¡hLch modlfy specl-fic sulfhydryl groÌrps ln the

prote ln " They rocort ev i_Cence that there vlas no

slqnl-fleanb chango l-n AMP eoncontnatlon under cond.itLons

wh j.ch alterod tho rate of grycolysf-s and gluconecgeno sls
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anrl that the converslon of FDP to fructose 6*phosphabe

vras a cnossover polnt betwesn gluconeogenesls and

glyeolysf.s, 0n thls basls, thoy sugge sted e schone f or

the transl-tlon from glycolysls bo gluconeogenosls ln

liven, based. on tho chanqos ln bhe concenLratlon of FDP"

They su.gge ste<l that FDP, at high concentratLons s pro-

nxoted glycolysls and lnhtblted gluconeogenesls; the

lattor krl' vlrtue of ths f ac t that FDP greably enhancod

bhe afflni-ty of FDPase for the allosterlc lnhlbltor
AMP (62 , 78, 9t ) " GlycolysJ-s would then be enhanced.

0n the othor hand, when tho levol of FDP fel1, due bo

tnhlbltlon of phosphofnuctoklnase (eC e.1 ,1"11) by the

breakdor+n produebs of llpids and protel-ns, the tnhlbLtl-on

of FDPase by AMP was nemoved" Gluconeogonesls would

then bo onhanced" Pontremol-L and lioreckon (65)

suggosted a mochanlsm for conbrol of FDPase actlvlty
based. on th.e rate of hyclnolysls of FDP exeeedLng the

rato at whj-ch fnuctoso 6*phosphate vrås converted to

glucose and elycogon. Hexose monophosphato then åecü*

mulabed and was presumably passed through the pentose

phosphate pattrway, resulting ln f-nereaseC NADPH pro*

ductlon" Concef-vably the oxcess NADPH then caused the

reductl-on of glutathlono to the roduced form of

glutabhione o Thls, 1n turn, causod the i-nactl-vablon

of FDPase. In avlan hepatlc tlssuoe thl-s type of

control may not bo Lnvolvod as tho actlvLtles of

€riz¡rpes involvod ln bho pontose phosphate pabhvray aro
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vory low (eh)"

In marnmall-an nuscle tlssue u f-t r^Ias found that

rosynthosls of glycogen frorn lactato canneb be a major"

metaboli.c process ln nnusclo blssuo (30) " Glucoss or

glycogon can be syntheslzod from lactabo only wlbh the

prosênco of the koy, rato-llmltlng enzymes of gluco-

neogenesis, namoly, FDPase, pyr"uvate carboxylase and

phosphopyruvate carbox;rlase " The vlrtual absence of

tho pyrurrate carboxylase ln musele ü1ssues proeluded

the synthesls of phosphoenolpyruvate from pyruvate,

and hence , gluconeog€n6 s,t s. Consequontly u the f f.ndlng

of slgnf-ficant amounts of FDPase actlvity l-n cat

skeletal musele homogonates (30) 1od. bo the problem of

detormf-ning the pbyslological role of FDPaso tn

mammal-lan muscle tLssue,

Krebs and Woodford (30) postulatod thato ln muscle

b lssue u of--glycorophosphate r.¡as a key lntermodi.abe ln

"'o{-glycerophosphate pyruvate glycolyriut'. Tho

need. for thls cycle arose because o undor aeroblc cofi-

dlblons, pyruvate dlffusod lnto the mltochondrla and

undorwent napi.d oxidatl-onu Thls decroased the amount of

pyruvato available for lactate formatlon andu as a result

cytoplasmlc levols of NAD docreased" Thls allowed for
lnh1l'rltion of the glyceraldohycio 3-phosphate dehydro-

genase sysbom and, theroforeo glycolysis. Under

con,litlons of lovr pyrurrate concentration, reductlon of

rlihydroxyacotono phosphabo to Õ{-glycerophosphato servod
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as an al-bernabivo mschanisnt for oxidizlng NADHZ to

NAD+ ln the cytoplasm. Thus, bho tt o{ -g}ycerophosphate

pyruvabe glycolyslslt allowod tho breakdown of

glucose tc proceed and malntainod a supply of oxldlzing
materlal to the mltochondri.a whon bhe pyruvate con-

centratl-on, ovrl-ng to the r"apid oxldabion of pyruvate,

was inadeo,uate, UnlLko lactate, howovor, C -glycoro*
phosphate could. not diffuse out of muscle co1ls.

Throrefore, lt v,ras oxldLzecl vla glycolysf.s or roconverted

lnto earbohydrate rqlthln the muscle " Thls I.oconvorsion

lras thought to be the ral son dtetro. f or the prosence

of FDPase ln musele tlssue.

Opie and \rewsholmo (54) oxpand,erl on the above

bheony (30)" They suggosted thatu ln orrler to mafn-

taln napld glycolysls, tho requirement for oxitlatlon of

the NAD+ that ï^ras produced extramltochondrially was met

not only by the ø- -glycerophosphate dihyrìroxyacotone

phcsphato cyclo but also by tho malate oxaloaceta.to

cycle " They also provlcied evLdence which suppontecl. bhe

lc1ea that oxJ"datLon of ÌrTADiT2 by these cycles maJ¡ be moro

lmportant tn muscle tj-ssues that depondod upon

glycoly'sf-s for most of thei.r enorgy (that is, whl_te

muscle rather than rod muscle ), Thol-r bheory of glycogen

synthesls from *{ *glycorophosphate and nialate was

supporteö by the. colncLdont presence of FDPase and

phosphoenolp¡'ru.vato carboxyklnase activltles, along l.¡ith

f he aeti-rritles of the enzyme s of thoso cyclos, It tüas
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suqqested l,hat the acblvl.tios of these cycles v¡ere

controlleri. by the concentratl-ons of c/- -glycerophosphate

and malate, so that the functlon of FDPase and

phosphoonolpyruvato carboxyklnase 1n r¿hlbo rnuscle mlght

be to decrease tho concont¡'atlons of accunlulabod

intermodlates of the two cycles, thereby lnhlbittng the

activl-bles of these cycles upon the ce ssatlon of

muscular actl-vlty. Thus, 0p1o and Newsholmo suggested

bhat the role of FDPase Ln skoletal muscle $Ias to

control Lhe C -glycenophosphato cycle and, ühoreby, to

controlu to a dogree, the rabe of glycolysls"

Recenbly, a socond hypothe sls on bhe r"ole of

FDPase l-n mammalian musclo has been pnoposed by

Newsholme and Crabtroe (53) " They suggosbed that FDPase

was present ln skoleta] rnusele to provlde cycllng of

fru.ctose 6-phosphate and FDP, when tho muscle was at

rest, by the slmultaneous actf-vity of FDPaso and

phosphof ructoklnâSo. ThLs contlnuous cycle r+ould ln-

croaso the eensitlvtty of phosphofructoklnase to

actlvaf;1on by AMP by provldlng a thneshold responso

of tho enzyme to changes ln the AMP coneontrabl-ono

That 1s, å four-f old l-ncrease ln phosphofructoklnase

acttv 1-ty would. only roquf-re a three -f old lncree se ln

¡.MP concentration" Thoy further statod bhat lncreased

AMP concontratl-on worild inhLbtt the FDPase acblvity

anC onsure that, vrhon enorgy uas rêqulrod for muscular

conbractlon, loss of onergy and rostrJ.ctl,on of tho rafe
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of glycolysis at the staqe of fructoso 6-phosphabo

phosphorylabl_on was reduced bo a ml.nlmum"
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Matorl-als and Methods

A" Materi als

Chlcken llvors v,ioro pur.chased from Dunn-Rl_be Foocl

Products I,J-rnltedu VJinnipeg, Chlcken broast musclo was

obbalnod from gror^rlng hens taken from the Unlvarsfty

Poultry flock.

Phosphocelluloso rosln, trf-s (hydroxymethyl)

aml-nomethane (Tris), fructose 1r6*diphosphato u Slgma

gracLe and grade TI , Ponceau S, nlcotinarnlde adonlne

d.inuclootide phosphate (ruROf ), phonazine rnothosu.If ate ,
nltro blue totrazollum chlorido , 5 u5-etthLob i"s- (2-nitro-

benzole aeld) (DTNB), borrl,no sorum albumtn, and

ovalbumln were purchased fnom Slgma" Ammonium sulfate,
(Ethyleno dlnitrilo) tetraacetlc acld (nOtA)o Z-

mercaptoethanol , sod.lum malonate , mågne sium chlor.ide

potassl-urn phosphabo, sodiurn chlorLde, tr"ypan blue,
suerose e sodlum hydroxf-de e urea e ancl potasslum ehrortde
were purehasad from J. To Baker, Glucoso 6-phosphabe

dehydrogenase (EC 1"1,1.h9), ph.osphohexose l_somorase

(ec 5 "3.1.9) o anC rabÌ¡lb muscle aldolaso (pC h.1. 2,t3)
Ì{ere purchasod from Boehningor; dextran blue and

Sephadox G-200 gel resl-n wore from pharmacf.a; Freundrs

eompleto adjuvant and }Ioblo agar wore from Dlfco; and

Sepraphore III cellulose acotate strlps and the

barbltal--Trls electrophoretlc buffor mlxbure wore from

Gelman" calbiochem standard amLno aeld mrxture and

gIycylglïcine were purchased from Calbl_ochom; DEAE

(nn-52 )-cellu1oso resln was from \dhatman; guanf-dJ,ne
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hydrochlorldo i.ras from l4ann Research Laboratorios, and

sulfurlc aeLd t{as purehased from Flsher Sclontifl-c
Company" Standard aml_no acld mlxburo was purchased

from Bockman; norlouctne vlas fr.om Nutritlonal Rlo-

chemlcal Cornpany; and cerrj-or ampholybe was from LKB

Produkter 
"

B, General Methods

Absorbance measuroÍìents wore rnade r¡li:h elther a

unlcam sP* 800 or a Gilf ord 21400 automatlc rocord.rng

spe c tr ophot ome ter
Prote ln concentrat lons ln the early purlf icatton

sfeps wero moasured by tho method of Lowry of ar" (35)

usf-ng bovlno serum albumin as a reforonce proteln
(mll1lgrams of ltver FDPase per mLlliltter equals

rntlllerams bovine serum albumln standand per mrlrr-1lto¡'
x 0"86 r,¡hile mllllgrams of breast nusclo FDpase per

mtllL1lter oquals mi111gråms bovl_ne serum albumln

stand.ard per rnllllltter x.0,78), For pure onzyme

preparatlons, the absorbanco at 280 mu was also usod.

(mil1lqrams of olbher ]lver or broast muscle FDpase per

mlllllj.ber oquals 1,16 x absorbance at 280 mru for a

1 em lLght path). The above conversions t{ero standard-
Lzed agatnst bhe amlno actd eontent of oach. onzymo ås

de scrlbed under aml_no ac Id anal¡rslg u

slnco Trls has a high tomporsburo coefflctont for.
pR, the temperature at rghlctr the pII vras moasurod is
glven ln parenthosos in bhose cases rvhere tenrporature
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1g not obvf-oüso

Enzyme Ass_aJrs

Unloss obheriulse stated, all assays were run at

30oC, the rato of chenge of NADP concontration was

measured ab 3l+0 m¡.

For the roubl-ne assay of FDPase actlvlty, the

rato of fonmabion of fructose 6-phosphate was measurod.

spectrophotometrically by followlng ühe redueblon of

NADP 1n the prosence of oxcess phosphohoxoso isomerase

and excess elueose 6-phosphate d"ehydrogonase. The

reactlon mlxbu.re (3"0 ml ) contalned !O mttl Tr'1s-l rnPÍ

EDTA (pH 7,5 at 3onc)-ro mM Mgclr-0"15 mM liADp -:-5 ys
each of gl-ueose 6-phosphate dehydrogenase and

phosphohexose l-somorase-0,0025 bo O" 010 unlts of

enzym€ *A.15 mM FDP, Tho reectlon was lnltf.atod r,¡f.bh

the addltlon of FDP or enzymee

The aldolase (nC 4.!.2"13)u trioso phosphate

lsomerase (EC 5"3"1"1) , glÍcerophosphato dehydrogonase

(nC 1.1,1"8), and glyceralciohyd.e phosphate dehydro-

gonase (EC IuZnJ-"I2 ) assays wðre the samo as those

clescrlbed by Marqus.rdb (39), Marquardt and Brosomor

(l+1), and Mar"quarctt et- gl, (l+2)"

The lactate dehyclrogenase (EC 1,1,I,27), glucose

6-phosphate dehydrogonase (EC 1,1.1,1+9), maltc

enzyme (EC 1,1n1,40), and pyru.r¡ate kinaso (EC 2.7,I"h0)
assays w€ro those of Kornberg (29) , Langrìon (33 ), Wiso

and Ball (94), and Ralloy et aI. (4), rospectlvoly"
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The phosphohexoso lsomeraeo (EC 5.3"1.9) asss.y !{as tha samo

as tho FDPaso assay excopb f or auxlllary enz.'fme " Exce ss

FDPase hlas subst j-tuterl f or phosphohoxose lsomerase 
"

In al-I cases e a unlt cf enzymo actlvlby 1.s dof lned

as that amount of enzymo catalyzlnq the disappoaranco of

1¡rmo1e substrats per mlnube unCer stanciarcl condl-t1ons"

Zone E]_e ctr ophore s tjt-

Cellu.loso acetabe elec trophoro sls vrås perf orrned ab

5oç on 17 x 2"5 cm Sepraphore III stnips in a Ge1man

elec'brophoresls chanr'ber" The buffer systoms usod are

descrlbod ln tho text" The strf-ps vrere stalnod fon

protel-n lribh Ponceau Sn The !'DPase actlvlty staln was

a mo<lltflcatlon of bhat repcrted by Penhoet et al, (56)

f or aldolase, A O"6/, Noble agay solutlon (w/v ) in 50

rnM Trls-l ml{ EDTA (pH 7"8 at 30 C) contalnf.ng 0"1 ml'1

FDP-25 mM l"Íg012 -O,5 nM NADP-0"01+ m-e/m\ pbrenazlne

methosulfato-C"L1. ng/ml mltro blue Eetrazollum chlorlde-
2,5 pg/*l phosphohexose isonorase-2.$ yg/rol- -qlucose

6-phosphato dehyd-:'osenaso was poured lnto shallow trays
([ m\/tlay) ab \ZoC and allowsd to solicilfy at hu0,

Af tor ol-e ctrophoro sf- s , bho co llnlose ace tate strlps
woro placed on thi. s agar ancì. tncubated ab 37tC f or I0

bo 20 mj.nutes to allow color dovolopment"

DÍphosphatase w_lbh -Spec-lf 
j_c þ.tÍ-seI'um

Anbl--serutn to chlcken livor FDPaso hras

fhe rabbj.t hy subcutaneous lnJecblons of tho

properred

chl-cken

ln
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1lver enzymo emulslf l-e<1 in Freund,t s complote ad juvânt 
"

The f.njectlon schodulo lnvolvod flve weekly injections
(f to 2 mg proteÍ.n per lnjoctlon) of reerystalllzed

enzyme " fmrnu.ne serum (an'cl-1ivor FDPase ) was obtalned

from clotted blood drawn weekly on tho fifbh bo olovonbh

week after tho flrsb lnJectLon and. was storod at -5tC

untll usedu

Immunological analysls of FDPaso wiLh spoclfic
antl*serurn was carrJ.od out uslng a modiflod two-

dlmenslonal ge1 dlffuslon (0uchtorlony) method a.s

d,escrlbed by Carnpboll et al. (10) " The agar plates

contained o,B% agar (w/v) Tn 2 mM EDTA-1O mM

glycylglycino *I.5"/, NaCl (w/v)-O.oIfr tnypan bluo (w/t)

(pI{ 7 "É at 20#C). Tho roacbion r+as ca:'riocì oub f or

l+ to 6 days at room temperatureo

Llver oxtnacts of rabbtt, rat, budger'1-garu and

tunkey, and extr"acts of llver, kldnoy, heart musclo,

braln, and breast musclo of chicken wero pneparod ln
order to estlmato the extonb of cross-Foactlon of the

anti*li.ver FDPase wLth FDPasos from vanious spocf_os

and tl-ssues. Ton gråms of each tissue r,{as homogenlzod

l-n 10 ml of 0"I M Tris*5O mM EDTA-I.C mi{ Z^mexcapto*

ethanol*O"lMKCl (pH 7,5 at 30dC), fn the casê of tho

bucigorlgar o 0.5 B of ll-vsr was hornogenLzed in 1"0 ml

of the above buffer" The hornogenates were thsn

conbrifuged at 2OOe000 x g fcr'2C ml_n and the süper*

nabant s wrro thon asseyocL f or FDFase ac tlvlty.
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ïsoelectrlc Point

Tho lsooloctrlc points of the avian FDPases wero

do termlned by the me thor3 of Svons son (87 ) u¡ith a LKB

BfOf electrofocusing column anrL B% "arrlor amphol¡rto
rlArnpholltlott' (pH 3-10 or ?*10)" The method oublinod

1n tho LI(B_ B]00 Ampholing E_lectrof.o.cu-slng Equlpme-nt

fnstnuctlon Manual (l,tÇg*produktor AB 5*161 Z$ Bromna

1e Sweden) was follonod, A t% U2SO4 soluti_on (w/v)

was added ln a 50% sucrose solution (r,¡h) to the anode

end of the column. A 50 to O% sucroso grarli.ento con-

talnlng ampholyto and 3 ynll z-mercaptoethanoi, was

applled to the column" After ono-half of the gradtont

had boen appllod o bhe purlf iecì. enzymo solutlon was

addod. in oqual portions to each of the gradlent-
f or.ming mixlng chambor"s. Af tor all of the gradlent

was applf-ed, a 5/" fOtl solution (w/v ) rras adclocl to the

cathode ond of the column, Electrofocuslng was then

cannlod ouü ab 10Ôb by applylng a maxLmum pow€r of 3

watts. After each focall-zatLon run, 2 mI fractions
rÁrero collected frorn the bottom of the column" The

onzyme actLvltX, absorbancy at 2BO muo and. pH values

of each fractlon were debernlnod.

Llver. FDPsso (18,2 mg pr"oboln jn 1"0! m1 of lO

mM Tni-s-1 mll EDTA*100 rnM KCl-2 ml4 2*nercaptoethanol 
o

pH 7 "6 at 10'c ) r^ras i-nit ia1ly f ocallzed f or 90 h uslng

pTl 3-10 reAmphrollnoir . Af ter the analyse s of the

varlous fraetlons w€ro carrled out, those fracblons
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ccnbaining rnost of bho FDPaso actlvlty wore pooled

and adrjed bo tho eloctrofocustng column. In thj_s case

an ampholyto pI{ range of 7 to 10 was used. Eloctro-
f ocusing. ti-me tras 60 h,

The procoduro for ths debermlnatlon of the Lso*

olectnlc potnt of muscle FDPase vras essenttally the

ssme as that for llvor FDPase " Howover, bhe lnitial
probef.n samplo added contal-ned 2"1¡ mg of protein in
1,2 ml- of the above buffer" Both electnofocuslng

detorrnlnatlons 1^Íoro carrled out for approxinately l+B

h, Also, the inlbial fnactl.ons colloeted were

monlberod only for pH and FDpass actlvlty while the

second set of fnactlons were monltorocl for pHu

absonbåncy at 280 muo and FDpase activlby"
Amlno Acld An?.lysls

Amlno acl-d analyses of chlekon 1lver and breast
musclo FDPases ürero performed, on soparabe oceaslonsu

by the methocì. of Moore and. Steln (47) wlth a Beckman

spf-neo mod.or 116 autornab lc ainlno aci-cL analyzor" uslng
CalbLochen amino acid mixturee (1ot IIo" 893001) and

Boc}<inan anLno acld. mlxturo (tot ITo. CM 103, Nov. 1969)

as roferenco stan<Lards" Each standard contalned 0.I

¡rmole /*l norlouc lno 
"

fn the f lrst analysl_s, crystalline chickon llver
FDPaso was dlalyzed ag5alnst 5 mM Tr j.s-C"5 ml{ EDTA*2

mM 2-mercapboethanol (piï 7,5 ab lOoC) and 0"1¡I mg

artquots wet'o hydrolyzed. at l.Lz t zuc ro, z\u [8, and.
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72 h in vaccuun-seal-ed tube s v;i th 6 Ii HCl. Af ter
bydrol¡rsis, the sample s wero rirlod under vaccuum@

C)'sbeine was oxiriizod bo cystlne (l+7) and 0"]ó me

of hyrlrolyzed prote j-n and 0"1 prnclo of norleucino

wero appllorl to.tho column. Amlno acÌd analysl.s rras

carr j-ed out on each h)tclrolysate.

fn the seconrl amino acld analysis cf l-lvor FDPase,

fhe procedure r^ras modifted so thab tho dry matter con-

tenb coulcì be determi ned Cirectly f rom the amino acld

analysls (90¡" In thls anelysiso crystatllne chicken

llver FDPase r{as cllalyzed agalnst 20 n},i phosphato-

2 rn14 EDTA (pÏf 6"1) and 1,3 rng aliquots of proteln and

0"! unroles norloucjne were hydrolyzed and preparod.

for amlno acÍd analysls as described above" Tho anount

of protoln and norleuc ine appllerl to each column wero

0.26 mq and 0"1 ¡-rmole u re spectlvelv 
"

ïn the case of chiclcen breast muscle FDPase, the

modlfled procedure was used for the dupllcate 2\-r hB-,
and ?2-h sebs of amino aclcl analysos o FDPaso f or" bobh

sets of cietermj-nations \^ras dlalyzed agalnsb 20 mlvl

phosphaEo-? mIî EDTA (pH 6"5) and 0,80 mg allquots of

enzynro anC. 0"4 Fnoles norlouclno were hyclrol¡r26¿.

Anrlno aclrì analysos r.rere carrled oub as doscribed above;

ono-quarter of bhe hycirol-vsabo volumo ¡ eeulvalent bo

0.20 mg of protein, and 0"1 unnolos tlorleucine was

applled to each eolunrnu

The tryptonhan contenb of tbo chj-cken llver and
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breast muscle FDPgses vlas detormined spectr"ophoto-

motrically, accordlng to the method of Edolhoch (t3),
Tho change fn absorbanco at 280 and 2BB mou was forlov¡od.

1tat 25'"C ln J*n1 euvetto s (2-ml cuvettes in the caso of
muscre FDPase ). Tho reactlon mlxture contalned 2o rnM

phosphate-2 mM EDTA (pH 6,5)-6"7 M ultra-puro guanidlne

hydrochlorlds, The amount of df_alyzed llver pDpase

added. was betwesn 2,26 and l¡,52 ng pnoteln, r,¡hile bhe

arnount of df"alyzed muscle FDPaso added was betweon

0.91 and l-"33 mg pr.otoln" Tn both cases e lneroase ln
absorbanco rÀras proportl_ona1 to the amounb of enzymo

addod; the dialyzi_ng solution, which was usod as â

b1ank, had. no absorbanco at slther 280 or 2BB m¡.

The tryptophan content of ttre liven FDpase vüas also

dotormlned by tho mebhod of Goodl.¡ln and. Morton (25),

The number of roaeblve sulfhydryl groups ln both

FDPasos wero determl-ned b¡r reactlon r+ith 5 15-dtthLobls-
(2-nf.trobs nzol-e acl-d ) (ntwe ) accor"d.tng to the proced.uro

of Ellman (16). The e[rango tn absorbancô at [t2 mp ]ras

f ollowod. at 25'2c ln 3-mr cuvottes " Tho roactlon mLxture

f or lrver FDPase contained lo mM Trls*r n:14 EDTA (pH 7.5
rat 10.'c )-8,5 M uroa-10 ml,l Ellman r s roagent whlle that

for tho muscle FDPase contalned 20 mM phosphate-2 mM

EDTA (pH 6"5)*8,5 M urea-l0 mM E1lmanls reagent" The

amount of dlalyzed ehi.cken liver FDpaso adCed ivas

betlvoen 0"19 and O"JB rng protein vrhiro the anount of
chÍekon broast musclo FDpase acid.ed. was betwson 0"13
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and 0"1¡0 mg protôln. fn bobh cases e the lncroase ln ab*

sorbance \4ras proporf;ional to tho amount of enzyme aclded;

the dLal¡rz1¡1g solution, v¡hlch was usod as a blank u had no

absorbaney at )+I2 ûlu"

The dry mattor contents of the onzymes wero ostr-mated

by the mothod of Idalsh and Bror+n (90), Tho percent rêcov-
ory of the knov¡n amount of norleucf-no ln the hydrclysabe

provldes ã clreet mes,suro of the porcent recovery oî the

aml-no aej-cls of tho proteln solutLon" The d.ry wolghb of the

proboin can bs calculated from ûhe sum of Lhe welghts of
tho indl-vldual amino aclds (minus ono waber moreeule per

peptide bond)" A ratlo of the arnounb of ,lry protoln ancl

the knou¡rL absonbancy at 280 rn¡-i of tho sample was then do*

terniinocL" Thts rat.l-o was bhen used as a factor for" the

conversl-on of absonbancy at 280 m¡-r to a d.ny matber basfsu

A ratio was also cletermf nocl , by the same rneans, f or. the

converslon of tho amount of proteln ln the sample moasured

by the method of Lor,-r¡r ob al " (35) to a dry matten basls,
An analysls of variance of the amino acr-c. cornposiblons

r^ras perf ornocì. as d.escrJhed in snodecon and cochran (8h) 
"

Mole c.ular We l$ht Est imah i on

The mol-ocular v,rolghts and the rnolecular rad.i_t of

bhe l-lvor and muscle FDPasos r"lero estrnatod according

to the respective prococlures cf Loach and OrShoa (31+)

and Ackers (1)"

Sephadox G*200 (40 to 120 ¡ ) v;as allowed bo swoll
ono week at room tompereture 1n 50 rnM Trls -5 nM EDTA-
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100 mM KCI-2 ml'i 2*morcaptoethanol-0.L nL/L penta-

chrlorophenol (foo ng/nI EtoI{) (pr¡ 7.5 at 10åC)" The

f lno s idere clecantecl sovoral blme s f rom Lhe suspenslon

anC a portlon of the remålnlng ge1 was pourod lnto a

gJ.ass column (57 "B x t,7B cn)" The column r.ras eo^ul}i*

brated and oluted wlth the above buffer. The varlous

protoins were also dtssol-ved and / o, dlalyzed agalnst

this buffor lcefore being applied to the colurnn. Elutl-ons

wôre carnlod out at Zt+"c uslng a flow rate of fnom 1,5

to 6 n|/n" The void. volumo htas d,etermlnod wtth a

solutlon of O"5% doxtran b1ue. The column was cal-

J.brated wJ-th various reference protelns. Duplfcate

1"0 mI sample volunes containf-ng ? levels of bovlne

s€rum albr-rmin (10 and 20 mg), ovalbumin (10 and 20 mg)

and rabbtt rnuscle aldolaso (12 and 29 n.g) were applied

to the column" For the molecular r+oighÈ determinatlon

of llver FDPaso , d.uplicate 1. 0 and. 2.0 ml allquot s of

lJ.ver FDPase (8.[ ng/nL) were applled bo the column"

Fon tho nnolecular wolght deborminatlon of chlcken

bneasb muscle FDPaso, the column was caltbrated uslng

purif 1ed. chlcken liver F'DPase " Dupltcate samplo volumo s

appll.od to Lhe column vlore O,5 and 0" 8 ml contaLnlng

about 3.0 mg of protoin osch" Fcr the muscle FDPaso¡

dupllcato sanple volunes apnlieC bo the column wer6

0.5 and 1"0 mI conbaining 3.0 and 6"0 mg of protoln

re spe c t ively o

For bobh molecular r,roight dstormlnaf;ions, fractions
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of I"5 to J"0 mI wors collectod and the absorbanco was

read at 280 rn-pr; wlth the excoptton of dextran bluo ,

whlch was Ììleasurod for at¡sorbanco at 600 g¡:" Liver

and muscle FDPases hrore also monltored for anzymatLe

acbl-v1ty. Elublon volumos r,ror€ taken at the concontra-

tlon maximurn, rietermlnod by tnlangulatlon" 'Ihe callbra-

tlon curve vüas a plot of the 1og of the molecuLar welgh.b

of a given protoln againsb the ratio of the elutlon

volume of that pnoteLn to the vof-d volume (V/Vo) (34),

The vold volume was corrocted for ttto smal] amount of

cclumn shrf-nkage that occurr.ed as the experlment pro-

gresseclo

Sarnplo s f or ulbraeentrlfugab ion r{ore prepare d by

dilubing the concontrated onzyme wibh the buffer usod

for c1.ial¡'sig (10 mM Trls-l rrJ"f EDTA-1CS mt{ Il'l-2nt'.2-
morcaptoethanol s p!{ 7 ,5 ab 10*C ). Sod.imontation

voJociby exporimont s r^ioro carriod out wlth a Spinco

moclel E ultracentrifuge o using schliern opt 1c s 
"

Correctlons for the effoct of tenperature on vlscosity
of r^rater r^rero calculatod from cì.ata fron the lland,bosl{

of Chomisbry_ and Ph,r¡sics (42 nd ed" ). Ths viscositles
of the buffer rel-ative Lo v¡ater !Íore doterminecl fnom

fIr:w times ln an Ostwal-d vi-scometor; donslty measure-

rcents were obtained wLbh a pyconometer.

C" Puriflcatlon of ChLehen LLver Fructoso 1 6-

D j-pho spÞ.q t a s_e
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Gonoral .Commgnt s on Isolat lon of Llver FT'u.ctoso.

1 "6-Dlphosphatase
All steps $rore carrted our.b ab 0 bo $#C unlo ss

othorwiso stated" Âmmonlurn sulfate concontl'ations

wers increa sed by the me thod of I¡.unit z (32) , For steps

wlth P-collulose and DEAE-co11u1os6 e bhe roslns wore

proparod by the proceduros doscribod in the Whatman

Data Manual and catal.ogue " No. 2000 (Mand.el sciontl_f tc

Co" Ltd. r l+920 de Malsonneuvo B1rrd" Sulto 10, l{est-
mount u Quebei ), The oxchangers wero equ'llLbrabed by

washing with 5 x concentrated. eluting buffer ârrd

eluting buffen (20 mlf Tnls-2 ml'Î EDTA-5 mU Z-mercapto-

ethanol, pH 7.5 ab f0oC),

SteL T" Exlractlon

, Threo huncred grams of fnozen chl-cken lr.vers !J6re

homogenlzed, at top speed, for 2 mlnutes in a Waring

blendor in 900 rnl of 10 mM EDTA-2 mlr{ 2-mereaptoethanol

(pTI 7.5) at 5*C. The homogonate hras centrlfuged at

2Sr0O0 x g for 30 mln and the supernatanb v¡as passed.

fhnough sovoral layors of cheoso clobh to remove fat
partlcles.

Step II Ammoni_um Sulfate preclpltstlon

solld ammonl-um sulf ato vlas adried., wlbh constant

stirrlng, to the extract over â per,Lod of I h to l+7%

saturatlon (250 g/gOO mf), After standf.ng I h, the

oxtract was centr,lfuged ab 2!u000 x g for. 20 mln and

the preclpttate vJas tllscar.clod. soricr ammonium sulfato
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was bhon addod to the cloar supor"nabant ovor t h to
67% (fe4 u addltional ammonlum sulfate/Oz0 mI)" Aftsr

standlng overnlght, the suspenslon v¡as cenbrlfuged at

2! r00C x g f or 20 min. The preclpltate vras dlssolved

in approxlmately 300 ml of elutlng buffer and d1-alyzed

for approxlmately 16 h agalnst two-14 I changes of the

same buffer.

Step IfI" Phosphocsllulose Substra_te Elutlon

Chr.omaf ography

The onzymo from the pt'ovl.ous step vüas contrlfugeri,

ab !0u000 x g for 1! mi.n and adsorbod onto a phospho-

cellulose column (39 x 3"7 cm) whi-ch had, boen pro-

vlously equillbratod agal-nst the eluting buffer" The

coTumn was washod (10 ml/mf.n) v¡lbh l-1800 rnl of eluttng

buffer to romovo unadsonbed proteins. Slmllar results

wero oi:tal-ned r+hon the column was flushed with B 1of

buff or " FDPase and alclolase r¡rer6 then oluted (5 nL/

mtn) v¡lth 600 ml of 2,5 mM FDP tn the sarûe buffor,

TbrLs ancl bhe subsoquent DIIAE-collulose separation were

c&rrled out ab room tempenaturen In ordor bo malntain

as lov¡ a colurnn temperature as posslble, the buffer v{as

cooled, boforo entoring tho colu.mn, to 0 to 5*C"

Eluate tomperaturos woro 10 bo lS'C, The collected

fra.cti-ons (!0 mI ) hrsre immocl f-ately plaeod, ln en Lco

babh and bho appropriate fractions were pooled. A typ-

lcal olut lon prof ile is given f.n Figuro I 
"
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Step fV" ÐEAE-Cel-Ìulose _@Og¡t"gn DE*íZ)

Chromatographf,

The pooled frac tlons (1r-0 ml ) f rom the provl-ous

step v¡6re applied to a DEAE-cellulose column (17 x 3,5
em ) equlllbrated wf th the eluting bu.ff er " The onzyme,

whlch was not bound by tho exehangor, was flushed

ß nl/n.tn) f::om bhe column with tho elutlng buffer.
Thoso fraetlons (l+2 ml) contalnlng more than S/" of bhe

tobal actlvlby vrere pooled and solLd ammonium sulfate
was adcted bo Ba/" (zr g/n6 mt) to preclprtato all 0f
the pnotoln" Tho prectptbebed protoLn was cclrecbod
by cenbrifugablon (!0rOCO x g f or ZO mln) , df_ssolved,

and dialyzed agaf-nsb 20 mM malonato-2 mM EDTA-3 mM 2-
mercaptoethanol (pH 6"0) " Af ter df_alysts u the pnoteln
eoncentration was ad.Jusbed wlth buffer to appr!ori-

f.rnately B mg/ml. The optlnrum eoneenbratlon for. cnys-
talllsation j.s fron ó to LZ ng/mL"

SolLd arnmonlum sulfate was added. over t h to
l+9% (10"1+ g/31+ ml)" A procf.pf.bate started bo fonm

rulthin a few hours" Af te¡: stanci.l-ng 6 h e tho suspen-
glon vEas centrlfuged at !01000 x g for 20 n¡f.n" The

onzyms was recl4)rstallLsed usf-ng the procedure cioscr.tbed

above.

Dn - ?unf-f leat-i_o¡_ of chlcken Broasb Muscle Frucbose

1u6-Diphosph.ataçg

Step_ V anÉ-_VI "_ Ammontum Sulf ato Fract ionat ion

Extrac blon



-l+2'

Elghb hunrlred grams of frozen chl-ckon breasb muscle

wor€ hornogenf.zecl for 2 mLn (hfgh spoed sobtl*C) 1n a

i/Jarl,ng blender tn 1Bo0 ml of 100 mM Trls-2 mM EDTA-lo

m1f 2*m6rcaptoethanol (pH B'0 ab 10Úc)" The homogenabe

wâs centrlfuged. ab 2rr0O0 x. g for J0 min and the super-

natant vIaS passed through severel layers of choose cloth.

Stop I_I" . Ammonlum Sulfato ProclpJ.tatlon

The pi{ of bhe exbract was adJusted to 8,5 at }O'tC

wtbhlN NaOH, whlch was mLxed ln wlth rapldo thorough

sttrni-ng" Sollc1 ammonl-um sulfate was addedo wlbh

constant stlrringo to the oxtracb over a pericd of 30

mln to 65/" coneentrablon (802 g/t866 m1)" After

standing t h, the preparatl-on was centrf.fuged. at 25 .OOO

x g for 20 mln and the prgelptbate rdas discarded" Solid

amrnonl-um sulfato was then addecL to the supernabanb, ovcTs

a per'lod of J0 mln, to BO/" (2f4 * addtbl-ona} ammonl-um

sulfat,o/2000 mI). Af tor standlng ovornf-ght u the

suspensien v¡as contrf-fuged at 25.AAO 8. g for' 20 mLn"

Ths preclpf.tabo vras dlssolved ln approxJ.mately 100 ml

of l0 mM Trfs-5 mM EDTA-5 mM z-mercaptoethanol (pH 8.0
fÍ

at 10"'C) s.nd dialyzod for approxfunatoly J.6 h agalnst

bv¡o h I changos of bhe sârrro buffer, Thl-s buffer ls

subsequently refonrori bo as the phosphocollulose

el-utl-ng.buffer. I

Sten TII " Phosphooel-1u1ose Salt Gradlent

Chrom.a boEr.aphy

Tho enzymo fron the prevlous sbep tras contnlfuged
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at 2$uOO} x g for 10 mln and ad.sorbecl onto a phospho-

collulose column (26 x 2, B cm ) v¡hich had boon pre -
vlously equf.lf-brated agaf_nst the phosphocelluloso

elubing buffer. Tho column was washed (J nL/nrn) wLth

1 1 ôr prrosphocoll-ulose eruti.ng buffor to romove un-

adsortrod protel-nsu A llnea¡" salt gradlenb (2"5 nL/nLn)
wss then appl-led to the column. Thts was provLded by

two nosêrvolrs ln serles; bhe first conbaj-ned 500 ml of
phosphoeolluloso elublng buffer whir-e the socond con-

talned an equal amounb of bhe samo buffer l-n 0"? M Kcl.
The eluaLe was eollocbed in fracttons r"¡hich !üore

monltere¡d f or aldolase and FDpaso. enzymab j_c acbtvities
and for absortrancy ab 280 rquo A typlcal olubion profile
l-s gf.ven ln Fiqu.ne 2, Thoso fractrons ccntalning FDpase

actLvity '.rere pooledu dllubed I : 3 wj.th oluting buffer,
and adsorbod agaln onto the phosphocelluLose column,

whLch had been rinsed of romalnlng proteLn i,¡itn !00 rnl

of phosphocelluloso elutlng Lruffen contatntng 1 M Kcl_

and then re-oquilibratod lvl-ih l'l of phosphoceliulose

elutf.ng buffor" The column was washed (3 mlrlmin) wlth
!00 ml of phosphocellulose olutlng buffor to renovs

unadsorbed probein" A l-lnear salb gradlenb (2 mr/mln),
slnllar to the one doscribod abovee v¡as thon applied. to
the column, The eruate !{&s co}rec ted ln f ractions r.¡hlch

hrstae monlterod f on FDPass aetlvtby and for absorbancy ab

280 m¡" A typicaJ- elutf.on prof llo is glven in Flgure 3,
Thoso fractions containlng moro hhan 5% of the total
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FDPase ae tlvlty were poolod and solicl amrnonLum sulf ato

hras ad.ded to B5/" {L59 g/260 nrl ) to preci-pltabo all of

the protein" The procipitated protoLn v¡as co1]octed

by centrlfugaf;lon (!0r000 x g 1or" 20 min), dissolved,

and dialyzed agalnst 50 ml4 Trf s-5 mM EDTA-100 nrM KCl-

2 mM 2-mercaptoethanol-C.1 nt/t pentachlorophonol (100

mg/to m1 EtoH) (pH 7.5 at lo*c)"
Sbep fV" Sephadex G-200 Chromatography

Sephadex G-200 (l+0-120 my) was prepaned. as

doscribed l-n the seebion on molecular r^reLght estlmablon,

A portton of chicken broast muscle FDPase (6"95 ng/z.2

rnl) 'r¡ras taken from the protein prepaned in Step TII snd

appliod to the column proviousl;r equlllbrate,i urith the

buffer ln whl-ch tho enzyne had beon df.alyzed" Thrs

fractlons ccllocted.,' w6re monitered fon absorbancy at

280 m¡1" Those fracbions containlng 5% or more of the

total olutod pz'oteln woro pooled and solid ammonlum

sul-fate üras addecL to 35% (10,9 g/18 ml) to preclpltato

all of the protein" A portion (1"00 ml) of ths

preclpitated protoln v¡as taken, eontrifugod at !0r000 x
g f or 15 nln ts collec t the proctpf-tated proteln, and

di ssolved and dtalyzecl J-n J00 nrl of $0 niM Trls-5 nI{ EDTA*

5 mM 2-mercaptoeth.anol (pH B" O at IO{''c )"



*l+T-

Ro sult s

A" Purlficabion

Ig.irlcation qr Cnic

Dlpho s phqb tse
A sumnnary of a typlcal puriflcatlon procod.uro of

chicken llver FDPase ls given ln Table I" The overall

purlficatlon was 6O-fot¿" Tv¡enty porcont of tho orlglnal

onzyme aetlvlLy was recovered.

Col1uloso acetabe eloctnophoresls blas used to os-

timabe the degreo of purlty of the various fractlons

durlng the purtf lcation proeeduro (Flgure [ ) . A proto l.n

sbaln of the oxtract lnd,lcatod- the presence e as expectedu

of many proteinsu Jn contrast, a FDPaso enzymo actlvlty

staln showed only orlo e nonmlgratlng band, As shown ln

Table I, Þhosphocellulose chromatography gs.ve a 1l-fold

purif le abl-on of tho enzyrl6, Hoi,uover, cellulose acebate

elocbrophorosls indicatecL bhe prosence of tr'ro protsj-n

hanri.s l-n ùhe eluate. The prof ilo of the phosphoceLluloss

chromatoeraphy (Fig. 1) lndleabed. that the colncldeni;

occurrence of two protolns was due to tho presence of

chieken llvor aldolase and FDPase ln the fraction..

Crystalli.satlon of. the llver FDPase gavo a flnal 60-

f olC purif lcaticn (Tab1e i ) ancl, as shown by cellulose

ace tato electncphorosis, renovod the mlgrat:'.ng protein
'balrd (FtS. 4), Proteln and ênz¡r¡¡s stains of the pure

fractlon were suporirnpcsable, domonsbrating that bhe

acti.vity coulC bo att::lllubod to only on6 protein band"
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TABLE T

PunlfLcatlon of Ch1cken Ll-von FDpase

ï Extrsct

Iï Ammsni-um Sul-fate
Prse f"pLt at:e (l+7 -67/")

f f I Pho sphoce 1l-u1o se

ïV DEAE-coll-u1o so c orr*
cenfrated eluate

Total Yte1d SpocLfj.c purL-
enzyÌn@ actlvlty fle-
act lvtty (%) (unlb s / at ion

Fra cb l-on _ . _ mg prole ln (f old )

321+9

176o

928

9l+7

913

63t

l-00 0"23

First cr.¡rg¡allizatlon

Seco-nd crys ballizat lon
U+9% ammonlum sulfate )

5l+ 0"38

30 3"13

29 l+.1+7

28 13"62

20 13 "69

1"0

1.7

13 "6

19"It.

59.2

59,5

V

vr
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Flgure Ll

Eloctrophorosls of protelns Þresont in several

purlf lcatLon fract j.ons (Ta'lrIe T )' Approxlmately 3'6

¡r1 of each fractlon was apolled to bhe varjous strips.

Electrophoresis was performoC l-n Ge1r¡an barbital-

Tni s sal b m lx ture (17 . B C/t) -t mM EDT/r-I ml"1 2:

ïilorcaptoethanol, pTi 8" 8, at 5"C on 2 .5 x L7 cm

ce1luloso aceùato strf-os, (Gelrnan) at 100 V for 90

ml-n wlth the orf.qin equ.idlstant from the oloctrodes.

The strlps for each fraction vrere stalned for proteln

u¡lth Ponceau So Strl-ps for the oxtract and puro enzyme

wore stalneC for FDPaso actlvity as descrlbed in MatorLàl-s

an,l Me thods 
"
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Pur_lfl.catj,on of Chiclr_en Broast Muscle Frqgtoso

1"6-Ðl,phosphatase

A summary of a tyrrlcal purlf lcat lon proceduro of

chl-ckon breast mueclo FDPase is glven in Tablo If .

Tbe overall purlficabion hrâs 141*fclcL" Eight perconü

of the origlnal enzyme activlty was recovorod,

A FDPase actlvf.ty stain of the extract shov¡od only

onee s1lght1y mlgratlng band (Ftgure 5)" Breast muscle

FDPaso, puriflod by seqirontlal double phosphocollul-oso

chrornatography (tr'lg. 2 and 3) and Sephadex G-200

chnomaLograpt:y, øxhiblbed the preeenco of only one protef.n

band whon collulsso aeetete olectrophor"esis wae carrled.

out (Fig. 5) " Probetn and enzyne stalns of the puro

fraction hrore suporlmr-rosablo, denonstratlng ttr.at the

actlvity could. be attributed to only one proteln banrL.

B. Crl.torÍq_of Purlty

Crltoria of P_urltJ {or Chl.-eke_n Li-ve-r_Fructose

1 ,6-DÍp-hosghabaso

Chlekon liver FDPase vras tested for homogonolty by

slx methods; (a) collulose aeetato olectnophoresls
(Fig. 4), (b) purlflcablon bo constant speciflc actlvity,
(e ) abseneo of othor enzymatle acbiviti.os, (d) lmm*

unological âna1¡rsis, (e ) ,rìr"*."rrtr,ifuga} analysls, and

(f ) crystall-i-satLon of tho enzyae "

The enzymo retained constanü specific activlby
following crystalltsatlon and r"o-crystallisation (Tablo

I). The final speclftc activlty of 13.Z units/ne protoln
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TABLE TT

Pur'lficablon of Chf-cken Breast i'luscle FDPase

Tobal
enzymo
act lvf-ty

Yle1d

(/")

Spec tf l-c Pur l -
actlvLty fLc-
(unit s/me ablon
pnobeLn) (rofa )Fract lon

I Exbr.ac b

II Ammonl-um sulphate
preclpibate (65*ea"Å)

ITI Phosphocoll-ulose

Slzt

1r96

'l+66

100" 0

20,9

8.2

0"u

0,64

23.14L

22,50

1u0

3,9

ul" 0

L35,2
ÏV

eluate

Sephad.ex G*200
eluat o
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Ftguro 5

Electrophoresls of probelns present f-n purlflcatlon
fractlong. Appnoximabely 3*6 ¡:L of oach fracblon was

apolled to the varlous strips" Eloctrophoresls wås

perfcrmed Ln 27 ml{ phosphate 2,7 mM EDTA*I mM 2-

ffiorcapboethanol, pli 6"0u at |oC on 2,5 x 17 cm colluloss
acetate strlps (çelman) at 100 V fon 90 mln wlth the

orlqi.n equf dtstant from the eloctrodo.s. The str j-ps f on

each fraetion r^rere stainecl fon protoln wlth Ponceau S.

Strips for bhe oxtract and puro onzyme vrere stainod for
FDPaso actlvity as rlescrlbed in Irlaterl.als and Methoris.
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waS tho Sarûo i.n tç¡o separate purf.ficatlon oxperlments"

Often contamlnants ln an onzymo proparatlon aYe other

enzymes whl-ch aree metabol-1ca1Iy, closely rolabed" FDPase

from Stop VI was assayod for 6 enzynnes hlhlch utlllze FDP or

lts lmmedlate products and for two othor moro dlsbanbly

releted enzymes" Percontago contarnlnatlon is expressed as

the ratlo of actlvitv of tho contaminatlng enzyme to thef

of FDPasee uslng the assays descrlbed ln Materlals and

Methodsn The assayed onzymes and the porcentago contarn-

Lnatlon wore: aldolaso, less than O.OO2%; glyceraldehyde

3-phosphate dehycS.roqenaso e l-ess than O"OO2%z glyeerophos-

phate dehydroqenasoe loss than O"OOI/"; glucose 6-phosphate

dohydroqonase, less than O.OOI%; phosphohexose lsomorasee

loss than O.OL7/"; malf.c onzyme, less than O,OI3/"; and lac-

tate dehyrJrogena se , le ss than O,OOI% 
"

Anbl--serum to chleken liver FDPase f ron: rabbLt s was

usod l-n -a modlfiod 0uchterlony double diffusion method bo

detorml-no the puriby of the llver enzyrno preparation. 0n1y

a slngle preclpf-ti.n b,and appeared wtth tho crysballl-ne onzyme

and thj. s 1lne fusod wlth tho slngle pr6clpltl-on 1lno bhat

dovelopod wlth chlcken llver extracb (FiS. 6)" The prosonce

of a sinqlo procipitln band v¡lth the oxtract suggests that

bhe grtz¡rms was pure. For ccfirÞaratlve pur"posos u rabhrlb llver

extract wss also lncluded; it dl-d not cross-roact with tho

ant I -serum o

The sedlmontati-on veloclby pattern of chickon 1lvor

FÐPase is shot,rn in the lower portl-on of Figuro 7 " No

ohvlous extranoous slot+ or f asb pooks or asymnebrles,
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Flgune 6

Doubl-o di.ffusl-on analysis of chl-ckon lJ-ver FDPase'

Wells denobed F contalned 2,1+ *g of crystalllne onzyme

(equf.valenb bo JJ untt s ) per mLllj.lLtsr u 'i¡[ells donoted

C contalnod chlckon ll-ver extnaet (L"3 unlbs / nL)

whl-lo those donof:ed 1l contalned rabblt llvon extract

(1,1 untts / nJ). The centre well contaf.ned antl-llver
FDPase" The halos around the wells eontaf-nf-ng the ex-

t::aet are simply clenatured protef.n. Cond.Ltions are

de scrlbed ln }4atorlals and l¡lethods"
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Flgure 7

Sedlnaentati.on volocf.ty patterns of avlan FDPases.

Upper peak, chlcken breasb muscle FDPase (l¡'? mg/ml);

lowen poaku ehícken ll-ver FDPase ()+.7 mg/ml)" The

plcture idas taken B mtn. af bor attaf.ning top speod at
e

a bar angle of 6, " SedimentatLon ls fnom rlght to

1sft. Seo Matorlals and Meth.ods for additlonal detalls"
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whfch aro lndlcative of contamlnablng protølns or

denat,u.red aggroqates of Ilver FDPaso Idero revealed.

Tho crystalline form of chlcl<on llver FDPase ls glven

in Flquro B.

Cnlteria of Purl-ty for llhlcken Breast- Muscle

Fluct o se_ I *â-Dlph o spha t a se

Chickon broast muselo FDPase vJas fosbed for homo-

genetty by four methods: (a) purlflcatLon to consbant

speclfie activltyo (b) cellulose acetate electrophoresis,

(c ) absence of of;her onzymablc aetivlble s , and (d )

ultracontrifugai- analysf- s 
"

The onzyrn6 netalnerl. eonstant speclfle acblvity

f olloviing chrsmatography on phosphocellulose and Sephaciex

G-200 (Table II). Ths slightly ].owor sp6clf i.c activtLy

folloiuing Sophadex G-200 chromatography rnay have beon

due to the prosenco of braee amounts of denaburod protoins.

The puro onzyme åppeanod homogonoous vrhen subJected

to eolluloso acstabe electnophorosf.s at pII 6,0 and pH B.B

(Flg " 9 ) u In botlr case s e the prote ln rornainod as a

stnglo band wlth no detsctable contamlnatl-on"

Chlcken breasb muscle FDPaso r^Ias also assayod. for

onzymo contamlnants" The assayeC onzymos and bhe per-

contage ecntan:ination hlars: a1,:lol-age, 1-ess than O"OIO/"3

trloso phosphate Lsomeraso, loss than O.OLçO/"; glucose

6-phosphato doh¡rfl¡oqenaso e less than 0"020/,i phos-

phohoxose f-sornerase, loss bhan O"OIA/"i lactato dsh.ydro-

genase, less than I.OOO/"; mallc enuymou loss bhan
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Figur:e B

Cry'stallf-ne FDPase fnom ehl-cken Li-ver ln an âflû1-

onium sul-fate suspenslon (ph 6n0 at 7"0Ðc), The plc-

tures wore baken v¡ibh bright*flo1d objectLves on a

Zel-ss phobomicroscopo under' 63-fclri magnlflcatLon,
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Flguro 9

Electrophoresis of chlcÌ<on breast rnuscle FDPase

ab bwo dlfferent pHrsu Electrophorosis was porformed

ln bhe pH B"B Gelman buffer as descrlbed. tn Flg, l4

and ln btre pH 6,0 phosphate buffer &s descrlbed ln
@

Fig" 5, at 5 C on cel-l-ulose acetate strl-ps" Appnox*

lmabely 70 ,¡.lg of protel-n were applf.ed to oaeh stnJ-po

See Fig, 14 and Matsrtal-s and. Methods for addi.tl-onal

dstails.
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O,OOO/"; and pyruvate klnaso , le ss bhan 0,065%,

The serllmenbablon velocf.ty pabtern of chlcken

breast muscle FDPase Ls shown l-n bhe upper portr-on of

Ff-gure 7 " Only a stngle syntmotrical poak developecl,

+¡trlch suggested bhab thore was only one molecular

specios"

C. Molecular Pro ortles of Avlan Fructose 1 6-
Dlpholphataso s

ïn or.der to be able to e st imate the degnee of
molecular dfvsrgenee of the chlckon liver and chlcken
broast musclo FDPases e several studies r^rere carrled out

to olucld,ate the panü1culai: moltàcular propertles of
each enzyme . The molecular propertle s cloterminec wore

tho eloetrophoretf-c mobLlf tte s; rmmunorogf.cal crcss-
reaoblvi.ty of antl--senum to ctrickon lf-var FDpase with
fhe FDPases of llvons of several specl-es; lsoelecbrLe
pof-nts; amino acld composltions; and. morecular welghts"

Eloctnophore tlc l{oblltt i.s s

Eloctrophoresls \^r&s carrled out on purlfled. chickon
li-ver and chlcken breast musclo FDpeses at pH B" B. The

tr,ro probo lns exhlblted d tff orent mobitlt ie s , evên when

mlxod (Fig " 10 ) "

Immunoþglca1 ALaLyllg

Ïmmunologf.cal anal¡rsls of avlan FDpases and the

llvor FDPases of sovoral specles were performod using
anti-chicken liver FDPaso " Ttre analysl_s was carrled. orrb

by moans of double diffus,ron on agar plates and
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Flgure 10

Electrophoresf-s of chickon 1l_ver and breast muscLe

FDPaseeu Approxlmately 3*6 jI of each pnotof-n (or pr.o-

toLn mlxture ) was applied to bhe var"l-ous stnlps" ELec*

tropho:.osls was perfornrod. 1n Gelman banbl_tal ^ Trls salb

ml-xturo (f7"8 g/L) 1 ml4 EDTA r I mM 2*Ì,-1ercaptoebhanol,
î)

pH 8"8, at 5-C on 2,5 x 1? em celluLose aeobate strlps
(Gelman) at 100 V for:90 mf"n" wlth bhe origin oqui-
d.lstant from the electnodee" The strlps for oach proteln
(on proteLn mlxture) !üore stalned. for proteln wj.th

Ponceau Sn
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quanbltati-vo preeipltln tests.
uslng puro chicken rlvor FDpase u double dlffusron

rengo f lndf-ng studlos w6r6 conductod and opbi_mum anblgen
concentr"abl-ons vJore found. Ln the region of from 0.68 to
2"72 ng/rnr (9,32 to 37,26 unlts/mr). Dotectablo re_
scttons o however e werg observed ab concentr.atlons as f oi+

as 0"01+ ng/nt (0"55 untt s/ml) " A double dtffusion
analysls (Ftg" 6) of anbJ.*chicken rivor FDpase agal_nst
pur"e chÍ.cken If ver FDpase (33 unf t s/mI) u chlcken liver
oxbract (1,J unf.tsr/nr1), and rabblt llver extract (1,1
unlt s/mr) tttustrated tho ïlange of antlgen concontration
fon antibody actlvlty against the chieken 1f_ver FDpase.
Tho lack of actf-vrty agarnst the narrbr.t lrver extraet
FDPase, whlch r¡as aü the såmo concentratlon as tho
chlckon lLver extnacb FDpase, f-s nobowonthy" This is
a rough lndlcabr-on of the ðogree of the speclf icj.f;y of
the anbibody-entf gen roaet Lon,

The results of doubre d.rffuston on agår prates cf
antl-chicken llver FDpese egaLnst bho FDpases of chl_cken
ktdnoyo brain, hoart muscre, and breast rnuscle extracts
are shoi,¡n Ln Ftguro 11" Those rosul-ts demonstrated the
eross-reactlon betv¡een anti-chlcken ll_ven FDpaso and the
pllre llvor onzyme (I"35 ng/nl) anO the FDpaso of ktdnoy
oxtrac t (3 

" 
I unr.t s/rn1 ) , However , no cross-reae tf.on was

obbal¡red bo tv¡eon tha ant t-ch Lcken ll_ver FDpaso and the
FDPases of brain ox.cracû (O"l+5 unlts/rnl ), heart muscle
exbracü ( 0" 0l untt s/mi ) or bre ast mu scle oxtiraet
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Ff-gure 11

Double dl-ffuslon analysis of cnystalllne chLcicen

Il-vor FDPaso (f') and the FDPases of chfcken kldney (K),

bneasb musele (M) o braLn (B), and hoart musclo (H),

The centre wotl contalned antl*ehieken livor FDpase"

Cóndltlons &re descrlbed. i.n Maberials anrl. Methods.
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(L.7 unf b s/nL) " Tn those stud-tes equal amounts of buffer
(100 mÌ'f rrf s*50 mM EDîA-I-0 mM z-marcaptcethanor-loo mi4

KCl e pH 7 "5 at 3Ot'C ) and tÍssue v¡oro honogonized.,' The

1or+ FDPase activfbies ln the oxbracts wer"e duo to the

low concentratlons of the enzyno ln the tissue oxtracts"
rn a later sbudy, eontlnulty botween tho preclpltin bands

of pu-re chlckon llver FDpase (0"68 to 1.36 ng/nl-) ,
chlcken llvon extraet FDpase (l+"65 unlt s/nL) o and chlcken
kf-dney oxtract FDPaso (3.95 unit s/n]-) was demonstrabed"

rn anothon sxporl-ment , a strong cross-16ac tlon ruas ob*

tsined'betweon antl*ehlckan llvor !.Dpaso and the 1lr¡er
enzyÍie (1.17 to 2"31+ ng/nr) ¡ut conparatlvory ltttre
crcss*reaction was obtalned between the antiìrody and. the

breast rnuscle FDpase (Z.jl_1- to l¡"6J ng/ntl. ) (Fig" :Z).

Ths prectpttln bands, formed by the antibody and bhe

chieken llver and chrclren breast mu scl-e FDpasos, showod

spur fo¡'mation" Thts vlas indleated by a lack of contin-
u1-ty betu¡een the pro c-l-plbtn banrl.s u rn thl s exporlment ,

the conesntrabLon of broast nnuscle FDpass was much hlgher
than that used tn Figure 11" Thls oxplalns ihe láck of
precipitin bancls agBinsb t¡reasb rnusclo FDpass tn Flguro
lln

By n:sans of an indirect lnnmunorogf-car tltratlon of
anfi-chiclron llvor l,-Dpase r^¡fbh pure chlcken 1l-ver FDpase

and oxtracb prepareiions of ctrlclcen 1iver", kf_cnoy, anrl

broasb nuscle, 1t riJas posslbls to clobermino quanttiåtlvely
nhe extenb of cross-resctron, A constant smount of
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FLguro 12

Double dl-ffuslon analysf-s of the pur6 FDPasos

of chLcken lf.von anrl chlcken breast musele" WeIls

denotod. L and Lî conbaLned 2"3 and 1,"2 mg/nl of

cnysta1ll-ne 1f-vsn FDPaso , ro spocbLvely" Inie11s de*

noted M and M' contalned ["7 and 2.] ng/mL of puro

bneast musclo FDPase, rsspecblvely. The csntre woll
contalnod antL-chlcken llver FDPaso, Condl_tlons aro

described ln Materi.als and l4ethods"
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enzyme or extract proparatlon (0"3!.trntts/nJ.) was aildod.

bo dou'oly dlluted amounbs of ant i*chlckon liver" Fl)Pase 
"

Aftor lncubatlon and contrl-fuqation, the supernatants

woro assâyod for rosidual antigen by moasuring the FDP

cleavago acbivf.ty in the supornatant n The rosults shov¡n

ln Flgure 13 domonstrabe that anbl-livor FDPaso lnhlblbed

all of the FDPase acbivlty ln the puro enzymo antl that

cf cblckon llver and kLdnoy extracts" However, 1t hadmuch

]o ss sf f o cb on bhe FDPase 
.act 

ivlty of the ehtcken

broasb musele extraeto Undlluted anbl-chLcken llver
FDPase gavo an Bl+.1" inhibttlcn of chtckon breast muscle

FDPase actlvlby.

Antl-chl-ckon 1i-vor FDPase r¡ras used ln sevoral

lmnunochemlcal analysos of the ll-ver FDPases of sevoral

sp6cl-e s " f n the double d j-f fusion on agar plate s of anbi*

ehLcken 1l-ver FDPase against crystallLno lLvor FDPase

(I.35 mg/n:.) ancl the FDPasos of llvor extracts of rat
(5.9 unl-t s/nI) , rabbl-b (3. B unlt s/nl-) , budgenlgar (5 

"l+

unlt s/nl-) , and burkoy (8"2 unit s/nL), thers rüas good.

cross-roaetlon betwoen the antt*sefü:r] and the crystalllno
ehLckon 1i.vor FDPase anci ttr.e lLven FDPasss of budgerlgar

and turkoy (Flg" 1l+), The continulty hethroen the proclp-

Itln hancls of ehi-ckon llvor FDPase and turkoy llr¡or
oxtract FDPase suggestod a falrly htgh clegreo of slm*

Llanitv bebween the two onzymos. Howover, spur formation

bebi"een bhe prec tplti-n hand.s of budgorlgan rLvor extracb
FDPaso and chicken and burkoy livor FDpases suggostocl
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Figuro 13

Preci.pl-tatlon of crystal-11ne chlcken liven FDpaso( () ) and the FDPases of extracts of chlckon llver (E ),
i<f-cìnoy (¡ ) , and 'l'rreast n:uscle (C ) v¡tbh anbl--serum to
chicken Il-ver FDpase. Fìight doubl.tng dtlutions of antl_
sorum vroro preparecl 1n 50 mM Trls-5 mlvf trDTA-O,1h-M Nacl-
1/" bovine sorum albuml_n (pH 7"5 at ]O¿'C)" To oach 0"5
m1 of rJiluterl antf bodv" 0"1 n:1 of crystallrne ehickenliver €nzlrrmo (2.1- unl-Lé/mì- ) or tissuá extract (2.1
unit s/nI )^rvas ac1clec1" Af ter lncuhatf on at _lOoC f or 3Omln an,l 2oc f or 16 .h, tho preclpitatss woro ronovecl by
centri.fuEatlon at 50u000 x g for 20 mln and FDpase wâs
assayed in each filtrato,
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Ff-gure 1l+

Double dl-ffusLon analysls of crystalllne ehlekon

ll-ver FDPaee (F) and. the lfver FDPases of rabbtt (Rt )u

rat (R), uuAgorf.gar" (B), and turkey (T)" The centre

v¡e11 contalned. antf.-ch1-cken llver FDPaso. Condltf-ons

are descrl-bed ln Materl-aLs and. Mothods"
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fhat budqerlqar 1lver FDPase was inrmunoloqically dlfferont
fronr bhe FDPases of chickon and turkey llvers, Thore vlas 

e

however, llttle or no cross-l:6actl-on v¡1-th bhe tivor FDpasos

of ra t and rabì:r i t ,

fn bhe quantltatlve procipf.tatlon of bhú antl-ser?um to

ch.lcken llver FDPaso wlth crystal-lLne llver enzyÍre and the

FDPases of rat, r'abblt u budgerlgar u and turkey liver ex-

tracts (0'19 unLts/ml ) , variatlone wero found. in the oxtenb

of cross-roaction betv¡esn anti-chieken livor FDpase and tho

1lver extracbs of tho various speeies (Fig" 15), The extent

of cross-reactlon was about the sâne for chicken and tur-
key Il-ver FDPase s and somewha t le ss f or budger iqar r- rvor
FDPase, Cross-reactlons betr+oen the antf.:serum and tho

1lvor FDPasos of rat and r"abblt were least. At hl-Eh anti-
serurû concentratlons y approximately 71 and L6/" of the

actlvlti.es of these latter two enz),mes t{ere lost due to
precipltat lon,

ïsoelectric Polnbs

ïn both determinatlons of the lsoelectrie polnt of

chlcken llvor FDPaso, ihe enzyî're exblbited homogeneLty 1n

thab only one protoi-n absorbanco peak',^ras found in the

fractlons" This was coincldent with the presonco cf a

sinEle FDPaso actlr¡'lt;" o.*U" Liver FDpaso showed an

lsoolectric point of pl'I 7"8 usins Lbo amphoryte pH range

of 3 to 10 ancl plï B.r uslnq tho ampholyto pH range of 7 to
10 (Flq. 16 ) " An oxbrâneou s ab scrbance peak wa s f ouncl. j.n

the -'l-aüb€)r detr:r"rn1nat j on at pTl T,2i thls was non-protoln in
nafuro u
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PrecipLtatlcn of crystallino chlcken 1lvor FDPaso
( O ) and the llver FDPases of burkoy (e ), budqerl-gar
(n ), rat (e ) and rabbit (nr ) r^rith antl-sorutn to
chl-cken llver FDPsse. Elght doul^,lJ ne di-lutions of anti-
serum wer6 preparod i-n 5O'"rnM Tris-5 ¡r,M EDTA-0"th M

NaCl -ty', novlne- sorum slburnin (pH 7 .5 at lOoC ). To each
0,5 rnl of dllu.tecl antihody, 0" 1 mI of crystalllne
chÍcken liver enzyme (2"5 vnits/ml) or tissuo extraet
{2"5 unLt s/nJ.) wa! adderl. After lncubation at 30oC for
l0 nf n anri 2o C f or 16 h, the procLpltatos !'¡ero removed
by centrtfuqatlon at !01000 x q fcr 20 mln and FDPase
was assayed 1n each flltrate"
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of lsoelocLrl-c polnt doternlnatlon of
Electrofocuslnq of the onzymo at two

ranges was carried out as described ln
Methods "
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f n the deterrninatlon of the lsooloc tr j-c point of

breasb muscls FDPaso, tho enzy¡no also exhlbJ tod homo-

genelty f-n thab onl.y one proteLn absorbance peak was

found in the fracLlons, Thl-s wâs ccl-ncl_donb wlth bhe

pre sonco of a slngle FDPaso actlvll:y peak, Musclo FDPaso

shohrod. an lsooloctrlc polnt of pH B.[ uslng the anrpholyte

pH range of 3 tc 10 and pH 8"5 using the ampholyte pH

rang€ of 7 bc 10 (FlS, l7),
Aml-no Acld CornposJ-t j_og

Amlno acld analyses of chlcken livor FDPaso and

chl eken breast muselo FDPase were performed on each

dupllcate 2l+*, 48-o and 72^ L1 set of hydrclysabes

(Tables III and IV). Of tho botal dry mabter hydrolyzed,

98% of the lfver FDPaso and LOlil of muscle FDpase werê

necovenod as amLno acids, Tbe nitroEon content of chick-
eR ll-ver FDPase, as estl_matod from the amlno actd

composibi-on e vras J5"B'/" whlle that of chlcken breast

muscle FDPa se , hras L6 .7%.

Both enzyne s idere eorre cted f on bhreonlne and serr-ne

decomposltlon and ammonlum formatlon from amino acrcis by

extrapolatlon to zeyo tirno " hllbh bhe 1l-vor onzyrne u the

vallne yJ.eld lncroased 7 % U"twoen the 2t+* and l1B- h

hycìrolysabes r.rhj-lo bhe 48- and 72-n valuos romalned

relablve)-y constant" The latben values were used to

ropresont vall.ne. Tho lsolouclno yleld i-ncreased wtth

oach succGsslve hydrolysi.s perlod; tho 72-Yr value hras

used to roprosent j-soleucinô" fn the caso of muscle
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TABTE TII
Amlno Ac l<L Composl-t lon of Chl-ckon Ll-ver FDFa se

Wnttt,Y rtYa."iY""a tAmtno Av-
Numbor of Noaresb
amino acids intogral
por J.35 ,000 nun'rber"

ó

Ac lcl. s 2l¡h l+Bh 72t1 erage

gg"I å o"6h 9()
Tl+"2 I a.5 14
55.6 * 3"5 56

137,b { 2"3 ]-ll
68,2 å l+"1+ 68
Bz,g * o"B B¡
Bt"B t z.L Bá.

45"t { r"¡i t+5
Ì14"3 * 2,3 114
102"8 + 0.7 103
20"5 + O"ó 20

108.1 J l+"1 108
2Q,5 I 5.3 20
93"1+ * I"t 93

102,8 + 1.6 103
íU"o + o,t 5l
l+0"9 * r,g [12"L : 0"1+ z

0, l gl-
o"027
0,1 01+

o,27r
0 

" 
1llt

0"116
o "t56
0" 082
o "2]-6o" 193

O" 201+
o" 03B
0.178
o.rgg
0.086
0,079

Lys
Hls
Arro
Asp
Thr
Ser
Glu
Pro
Glv
Ala
cys
Val
Met
T1e
Leu
Tyr
Phe
Try
NH3

O"1BB
0.027
0.107
0"259
0,r23
0"144
o" r5!_
0" 087
o.22L
0.196

0.193
0" 077
0"L55
o" 196
0 "097o" 07B

0,377

0.187
0.028
0" 106
a"257
0"120
0.131
0,L57
o" og0
0.218
o" l98

0 "207o'039
0"1óg
0,194
0" 091
o, 07B

o"373 o"363

0,189
o,427
0"106
o "262.0" 13 O:
o" 15 gÐ

o "L560.086
0.21 B
0, 196
o. o¡ç1
0. 2 069
0"039Í
o. 1? Bo
0.196-
o"103h
o'07B-
o. oo4r'
0.3719

f Detormino4 spoctrophobometnlcally
Edelhoch (13 ).

Each bj-me fnterval valuo reprosents the avors.ge of
tv¡o or more detsrmlnat lcns,

Extrapolated to zepo tLmo 
"

Value obtal-ned frgm - sulfhydryl bibratlon uslng
Ellmanr s reagent (16) 

"

Arronage of L¡8 - anci 72 - h hyd.r'olysls.

Valuo of 72:La hyrlrolysls"

b)' method of

h

Value corre cted f or amnaonia obtainod f ollorulng
chromatography of 24-h blank and. d_ecomposltioñ
of throonlne e soIalne u anrl tyr,osLne ø

t lnalcatos standard. dovlation"
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TABLE IV

Amlno Aci-d Composition of Chlckon Bne a st Mu scle l.-DPa se

Quanb tW hydnolyzeC (ugolo s

Ac l-cis 2[h l+Bh 72n erage

Number of Noarest
aml-no aclds lntegral
por 135,000 number

oo

Lys
Hls
Arg
Asp
Thn
Sor
Glu
Pro
Gly
Ala
cys
VaI
Met
Ile
Leu
Tyr
Phe
Try
NH3

o "l-63o,o25
0,062
0.151
0" 109
0"108
0"178
0" 088
0"166
o" th6

0" i-01+

0'r59
0"029
0 "o53
a "L590"108
0,099
0.176
0.089
o" 167
o,151

0"138
0" 020
o,098
0"181
o" 073
o" 061

0"112

o, 17l+
0" 034
a,065
o.163
o" 105
0,092
0.186
o,092
0,168
0.153

o" l_[o
0" 023
0" 099
0"180
0,072
o" 059

0" 120

0.T65
o "o2g0.060
0.158,^
0.113:
0. LI6D
0.l-80
0.090
0.167
0.150
0. 02 gq
0.13 9a
0" 020 -
0.Oggd
0" 180
0" 073
0" 061
o" oo4:
0.1r21

ILz
20
l+1

107
77
79

t22
61

113
t02

20
eh
1l+
67

L22
5o
h1

3

111,9 * O"9g
:-g,7 t 0"3
¡+0"? * O"!+

]-o7 "2 å 3"8
76,7 t 3,3
78"7 t 5,7

r22.r å 3"1
61.1 + o.3

rr3.3 T 1, o
101"8 ! 0.9
rg "7 f 1,3
9l+"3 È I.B
13 "6 * 2.6
6i,z + 0.6

L22,L g 0 "2l+9"5 { t"3
[1'l+ f 1.9
2"'l È 0.5

o "L230" 018
O" OBB
0"i_79
0,074
0. 062

f

g

Each tlmo l-nterval represents the avorage of bwo or
moro de,torminatlons,

Extrapolate,l bo zoro time.

Value obtained from sulfhydryl tibratlon using
Ellmanr s reagent (16 ) "

Avorage of l¡8-and 7z-la hydrolysis,

Determtnod spectr.ophotometnlcally by method of
Edelhoch (13 ) "

Value corro ctecr f or arnmonla obtal-nod f ollowing
chromatography of 2h-h hlank and docomposltion
of threohi.no ancl sorino "

f in¿Lcato s standard dovl-atl-on"
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FDPaso o vallne ancl f soloucine ylelds increasod 6 and L5%,

respectivoly, betwoen tho 24- and l¡-8-h hydrotysatos whilo

tho l+8- and. 72-n valus s remalned f alrly constant, Ths

Iatter values were usod to represonb vallno and lsoloucÍne.
The number of sulfhyciryl groups vlas estlmated by tho

method of Ellman (16)" In 8,5 t"t ureå, tho reaetions of

both onzymes'hrerG eompl-ebed r^rithtn several mLnutos;

ó800 and J0L¡0 ,ug of llver and muscle enzyfftes reaetod. r*lbh

1,0 ¡;riolets of Ellmanrs reagent. Thi.s was oquivalent to
an -SH eontont oî 0"111.6 .unrole s /1,0 mg (ZO cysbef.no

resLdues per L35 1000 g) of 1ivor FDpaso and 0,U2 rumoles .

["0 rng (19 cysteine :.eslcuos por L35 r00o g) or muscle

enzlr!ïe o

Tryptophan analysls by the mothod of Edolhoch (13)

yielded a tnyptophan content of 2.L røslduos per 135r0C0

g of chicken If-ver" FDPase" The method of Good.wln and

Morton (25) yielded L tyrosf_ne:: tnyptophan rabio of

about l+8"5. This latter value wou1d. suggest that tho

liver enzymo dlri. not contain tryptophan" 0bhor rosoarchers
(11u 13 ) have also obtainocl simllar d.lscrepancies botween

bhe tlvc procedures and have prosonted, ovldonco bhat the

Edol-hoch procoduro ls rnoro rel-lable " rn this study the

Edelhoch valuo was consÍdored to be most reprosontabivo

of the true tryptcphan content of chlcken rlvor FDpese"

The Edelhoch rnebhod also yielded a bryptophan contont of

2'B resldue,c por r35 1000 g of chrcken broa.st muscre FDpase"

The parLlal spocLf 1c volumos of chlckon livor -fÐpase u
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and chlcken broasb musclo FDpase, as estimatod frcnn the

aminc acid composition (12 ), '!{oro both O,TL3 em3 /g.
the dry matter contents of ehlcken 1i.ver FDpase anc

muscle FDPaseo as ostlmated by the mebhod of walsh and

Br"ov¡n (90), vüore found to be r"36 times tho absorbance of
bhe protein samplo at 280 mu for a 1 cm llght path.
uslng the sano mo,thocl, the rospecttve dry matter contonts
of the llver and muscle FDpases were found to be 0"86 and.

0" 7 B b lme s tho prote ln conten t ob t ained r¡i th the prcco d.ure

of Lowry e! al. (35), Bovlno sorum albumln was usod as the
sbandard referonce protoln for bhe Lowny deterrnlnabionso

gåtimabfon of Moleo

Tho method of Loach and orshoa (3h) was used to
detormino btre noloeular welght of chicken llver FI)pase 

"

The nnoloculan wef.ghts of the roference prototns lrero:
ovalhumin, 45,50c (3 ); bovLno serum altrunin , 70r000 (g3);
and rabtrit muscle aldolaseu 158r000 (27)" Crystalllne
chlcÌ<en Il-ver FDpaso was eluted at 1"69 times the void
volurne, Frorï the samo column und.or the sane cond.itlons,
ovalbumin was oluted at 2.I7, bovino scrum albrr¡¡i¡¡ s¡
r"99 and rabblt aldorase at r,62 tlmes tho vold volunne.

The elublon posiblon for chrcken llver FDFase on the
call-l-"'nablon correspondsd to an apparont molecular weighb

.L

o1 134 , 900 - l+l+00 (f're. IB ) ,

Tho stol<es radius of ehÍckon rrvon FDpase was

cal,culated f rom the soptracex G*zc0 clata (Ftg" 19 ) accord-
lng Lo the proceclure of Ackers (l ), Sbokes radii of the
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Flguro 18

Loqarithm of the moleeular wef.qht plotteci aqaLnst
tha ratio of the proboin elutLon volume 1fr) to column
voLrl volume (f¡o) at 2l+ S 2oCo Iu ovalhumln; ?. bovjne
serum alhumin; and ,? o rahbit musclo al_dolaso. Du-
olicato elutlons were carr'1ed out on all probelns"
standarcl der¡i-ati ons of the eluti.on rabLos- (vÆo ) of the
var j ous proto ins 1s lndl-cated by I " see texb f or adclL
tlonal rletails"
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G-zoo column by plottlng bhe sbokes radrus of sãverar
refereneo protefns against tho inverss error function
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dovLatlons of the orfc-1 o'- of the varicus protetns j-s
incìi-catod hy t---l , soo text for addlttonä1 details.
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standard roference proteLns were: ovalbunln, 27.6 
tA (lh) ;

bovlns serurfl albunrln, 3[ Ë Q); and ralrblt nruscle alctolase ,
!,t

l¿-l A (39) " The stokes redlus of chtcken lrver FDpase r^ras

found to bc t$"g Å.

The morecular we ight of chiclron broa st muscLe FDpaso

was dotornllnod as described provlously, The molecular"

lue ight of chicken livor" FDpaso , which was u sod as Ê.

neforonce probein, wâs r35,000. und.er the conditlons of
this GxperÍrnent u chickon muscle FDpase vras elutscl ab 1,68
tlmos the vold volurno r,vhllo chlchen rLver FDpaso was

olutod at 1.74 times tho void vclurne" Those olutÍon ratios
were correctod back to tho elutlon ratio of chickon llvor
FDPase from the provlous exporlment and r"roro then super-
'rmposerl on the pr€vi-ous calibratron curvê e using thts
mebhod, the elubf.on position f or chicken breast muscle

FDPase on t he callh'ra ti cn curve c orÌ1o spon.d.ed to an

apparent moleculer r+eÍght of :r5Z,O5O 3 5OO (Fle" tB).
Tho shokes radius cf chlcken broast muscle FDpaso

r^¡ås also calculated from the sophacl.ox G*z0o d.ata , A d j_ s*
tribution coefflcient was calculated for oach of tho

chiekon 11-ver and breast muscle FDpase s from the ir
respoctlvo data, These values were conreeted. back to the
distributlon coofflclent of chlc]<en llve:'FDpase fron
the prevlous exporlment and tho inverso orror function
comploment of tho partltLon coeffi-ci-ent for chicken breast
muscle FDPase rlas deternrined.o ustng thls mebhod, tho
posl-ùLon of chlclren b¡'east muscle FDPase on the calihrablon
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curve corresponded to an apoaront Stokes radlus of 4,
L!

A (rlg" 19 ) "

Sedlmentation voloclty studlos wero carrjod out for

chlcken livor FDPase" Values of the sedlmontation co*

efficiont of the llver enzy$te were determi.nod at ser¡oral

protel-n concentratlons and were corrected to the vlscoslty
t3

and denslby of water at 20 C. The value of S20,* obtalnod

by extrapolation to z6ro proteln concontration was

-1 ?
7,ll.O x l0 *- (ffg" 20). It was evident that the sodi-

rnsntablon coefflclont 1s approclably affeeted by protoin

concontratlon wlthln the range studled"

The molocular wolght of chlcken llvor FDPase es*

timatod by combining the sodimentatlon cooffielent (S2Or*)

and bhe dtffusl-on coeff i.cl-ent (OZOr*), accordlng to the

procecluro of Svedborg (86), was 143,300" Fon all of the

calculatlons, tho value of tho parblal speclflc volu¡ae of

chlckon lLver FDPase, v¡hj-ch r^ras caleulated from the aml-no

aciC compositÌon, was assumed to bo O"7l+3 en3 /g under all

condibions,

Sodlmsntatl-on veloclty studle s wore also canrlecì. out

for chlcken breast muscle FDPaso" Howover, the rosults

vüore so variablo that a sedlrnentation coefflclent for the

enzyme could nct be determl-nod, and henco , the molocular

welght of chtckon broast muscls FDPase could. not bo es-

t i-mabod by Lhe abovo mo tLrodo



7.500

noTo
c 7000
ã
o
N

U)

6.500

-a] -

Säo,* =7.4O

r.o 20 3.O 4.A sO 60 7.o
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Flguro 20

Extrapolatfon of tho apparent sodimentatlon eo-
efflcfents (520.w) of chlcken Ilver FDPase Lo zero
proteln concontfatlon. Soe text for further detalls"



*92'

Di.scusslon

FDPase has boen purifled from chlcken liver and chtck-
on breast muscls. Both enzymo preparatlons wore shown bo

bo puro ì-ry a numhor of criterls"
studlos wers carrled out on sevoral of bhe molecular

propsrtie s of bhe pur"e onzyÍre s " Â eomparl son of tho se prop-

ertlos indlcates bhat there âre e at leasb, bwc i.sozymlc

forms of the enzyne; cne prosent in chlckon livor and kidno¡r

and another in chl-cken breasb muscle. These comparlsons aro

substantiatod by the comparlson of the molocular proportles
of the rabbÍb tissuo FÐpaso lsoz¡rmos (17, lBr ZOe jl)"

At pH E"B, the olectrophorotlc nobil-l-tles of the pure

llvor and broast rnusclo FDPasos aro sufficlontly dlfforent
to causs complete soparation of bhe two protelns when mlxed

(Flg. 10). This dlff eronce l-n rnobf.llty inclcatos
dlfferences ln the eharEo dlstri-butlons of ühe lscz¡"nres

at pH B'8" This, 1n burn, ma¡¡ ìro duo to cifferonces l-n bhe

relatlve proportlons of aeid.lc anri Ï-:asic sldo chalns of
the consbitutf ve anino aci,Js of tho two enzyrnes o slmirar
electrophoretlc difforoncos botr¡een the llvor and muscla

lsozymos of rabblt have boon reportocl by Ensor eb ar" (lT)
anC Fornando g! "1" 

(20)"

The lsoelectric points of ehÍckon livor and broast
nuscl-e FDPases have boen founcl to bo from pH T "8 to 8"1

(I'1g" 16) anc pH B,ll to 8,5 (Fig" 17), respectlvely. The

dlfferonees l':otrn¡osn tho naturo of ttro chargos of these

onzymos qlr¡e suppollt to tho rliff'eronces ln bheir ehâr,re

clistrlbutl-ons, as lnlbially indLcaborl by tholr
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electrophorotic mol¡llitJ-es at pH B" 8. Tt should he added

that apparont discrepencles occurred between tho dlrecticn

of movomanb of the prots ins during olocbrophorosls at vâ-

rlous pilrs and. their isoolectrl-c polnts. The Itvor FDPase

showed. no $ob11i tle s undor condltlons which e accortllng to

J-ts lsoelecbr"lc poÍ.nt, thero shcuIC be a neb charqo on the

rnolecule " The muscle FDPa so exhiblte,l a neqative charge

ab pll 6" 0 anC a posf,tive charqe ab pH 8.8' Basod on bhe

enzymo I s j-soolectrlc polnb, tbo dlroctl on of l-ts moblltty

ah these pI{r s should be exactlv oppcsite " A posslb}e

oxplanablon may bo that the cherqe characterlstl-cs of tho

enzyîre are a.lbored by tho buffor system bei-ng used.

AdCttional roseanch will have to bo carrlerl ou.t to resolve

thls problom 
"

Lor,+ Ínmunologlcal cross-l'oactlvlty, estlmated by

doublo cilffuslon on agar technf.que s, of anbi-chlcken ]iver

FÐPase wlbh tho FDPase of chicken breast muscle exbract

(Fig" 11) and puree concentrated breasb muscle FDPase

(Fig. ]-2) lndlcatos that chlckon llver FDPase and chlcken

breast muscle FDPase are lnnunologically differont" Thls

l-s suppcrtod by the oecuirronce of spìlr f orrnat l-on , that 1s u

the non*ecntlnulty of prsciplbln bands, botv.reen arrti*

serun**I1_vor FDPaso and antl-serum-þ¡6e5N musclo

FDPase proctpltin bands (l."ig, 1,2) " Spur f or¡natlon l-s

indlcatlvo of tho Lndepondenco of tho antJ--þsfly-anblgen

systens bolnq studled" Q,uantltaùlvs preclpltf.n tests

(Flg" 13 ) support the l"rìea of lmmunolc91ca1 dlfferonces

betweon the Ilvor an<l muscle enzymeso In those tests
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undllubed antl-chlckon ltver FDPasc gave a ma.xlmum of B\%

inhl-bltlon of chlckon bi"oast rnusele FDPase actfvity" In
comparison, antl--chicken Ilvor FDPaso qavo complote

lnhtbibl-on of chlcken llvor FDPase evsn r^¡[ren bho anbl-

serurTr was dilutod 1:16 
"

0n the othor hand, the FDPases of chlcken 1i_ver and

chLckon kldnoy appear to be lmmunologlcally sinailar" The

eonbf-nuity of the anti-1j.ver FDPass-kldney FDPase and

antl--sêrum-11ver FDPaso preetpttin bands (Fig, I1) and

the eoriplote inhLbltl-on of the actlvlty of bhe 11r¡or and

kldnoy FDPases by about bhe samo amount of anti-serur.r in
tho quantitatlve Ðreclpitf.n tests (Flg. 13 ) tn¿f_cato an

l-mmunological simLlarlby bo tween bhe tv¡o enzyme s o slmllar
results üIoro roponbed for the FDPase isozymes of the rabblt
by Ensor. et al" (17)" Immunologf-cal analyses on those

lsozymes showod that the rabblt llver and rabblt kl_clney

FDPasos rüers slmllar v¡hll-e ihe r"abblt muscLo FDFaso was

unaffoeted by antl-ser"um to rabblt livor FDpase ln both

0uchterlony doubre clffusion analysis and prociplten tests"
Tho amfno acid cosrposibions of bhs FDpases of chlckon

1lver and chlcl<en broasb muscle woro founct to vary s1-gnlf-

lcantly f or most of tho aml-no aelrls, whon comparod on tho

basi-s of the same morecular welght " The rystno, histldf-no,
gruta¡n1-c aeid, prollne u isoleuclno, an,l leucine contenù of
the tr+o enzyno s was f ound tc vary slgn j.f j-cantly at the

t% probabili.tv 1eve1. The argf-nf.ne , asparblc acid,
mothlonfne o byroslne, and tryptcphan contont of the two
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TARLE V

Amlno AcLd Composi-tIon of from the
Ììabb 1t - Pi and Chicken

FDPa se
(mole s

I so Tymo s
1 35 .000 e nZlr"m6

AmLno
Ac'Id
Re s ldue s

Rabblt Ptg ChLckene

Llverb Musclee Ki-dneyd Kld.ney€ L lv or }lu s cle

Lys
Hls
Ang
Asp
Thr
Sor
Glu
Pno
Gly
ALa
cys
VaL
Met
ï1e
Lou,
Tyr
Phe
Try
Total-
Re slduo s

133
L5
3r+

r72
66
B¡
B4
55rtz

11ó
2L
99
?l
66
99
42

1:

t27t

e3
10
l+,

107
81
79

t23
5o

108
115

22
r-08

22
60

1'2l+
66
33

0

J,2l+6

108
13
4tr[z
65
72
e4
7o

100
108

16
B9
4o
73

I02
4B
4¡

0

t235

100
23
53

t27
72
70

112
5q

1_l-1
115

16
B4
32
68.

103
4¡
4o

7

L235

99
1,+
5a

L37
6B
B3
B2
t+5

1lh
103
20

108
20
93

103
5t+
h1

2

LZI+Z

rtz
20
l+1

107
77
79

r22
6L

113
L02

20
9l+
llr-
67

L22
5o
41

3

Lzl+5

b

Average values of two doterrnLnablons fon each
l sozyrne o .

Data fnorn Pontremoli eb aI" (67 ) necalculated
for molecuLar vref-ght æ BgeO0O.

Data from Fe::nando et s.l" (20) rocalculatsd f or
moleeul-an vref.ghb ot-T3[OOO"

Data fron Krulwl_ch ob &1. (31 ) recalculated for
molecular welght of-T3!r000"

Da1:a from Mendiclno eb al. (L+5) recaleulatod for
niolecular vrelght of ïJ$]õ'00.
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onzymes r{as found to vary slgnlflcanbl¡" at the 5% proh-

abÍllby 1ovo1" The romainl_ng amlno aeids dld not vary

siqnlflcantly.
Tho amlno acirl ccmposltlon of FDPase isozyrnos frorn

bhe nabbit, pig o and chl-ckon are sumlnarlzed ln Tablo V"

Even though thero aro obvLcus dlfferonces among the varlous

FDPasos ln annin.o aeid analysl-s, no consls"r,e nt specros or

tlssue pa.l;terns Bro ovi.dent " In order to obbatn a more

objectlve comparf son of arrllno actC composltions, a

dlvlatlon functlon was caleulatod:

ld1

of fhe

The

a

gou s

gou s

tha t

" The so

be

1 lver

oqraphy

a9e e

D- l{,*-, { - x' ,)'J +â

La "'r ,t ". ,L' J
whoro xr I reprosonts the molo fractlon of amlno åcr ¡r
ln protoin 1 "rU *2u, reprosonbs the mole fractlon
same amlno acl-d in the protef_n being compared (26),

results pnesentod in Table VI sugqest thab there is
dlfforence J.n anliro aeld cornposltion boti,¡eon homoro

FDPasos from dlfferenl: specLes ancl betwoen hotorol-o

FDPases wl-thin the samo spocles" Ib j_s noteworthy

fhe dlvorgonco \rras larser l_n the labter comparlsons

resul-t s alsc sho',¡ bhat somo of the varlabi.llty can

atbrlbuted tc vsrlatlons j-n analybl_ca1 technlquos.

The molecul"ar wo leht of tho FDpase s of chlckon

and chlcken broast muscle wero ostlmated by chromat

on Sophadox G-200 andu in the ease of the llver FDp

from the sedfmontatton coefficlent as determlned by

ultracentrlfugatlon sturlLos" Chi-ckon lLver FDpeso



D-lverqonee of Amino Acid Com'posl_tton of Ra'bbit

ï" Comparison of the same

Chicken ll-ver (a ) x
Chl-ckon muscle (a ) x

fL Conparlson of

Chi.eken 1f.ver"
Rabt'f.i;1lvor
Rabbl'c l-Lver
Rabbit muscle

TABLE VT

ïfT, Comparl-son of homologous

Ch l-eken 1lver ( averaee )
Chlcken musclo (average)
Rabbtt kidney (31)

enzyfne s:

chlcken llver (b)
chl-eken nrusele (b )

lsoz¡'¡¡ss from

(averago ) x(67) x(67) x(20) x

Average

the same specLes:

chlckon rnuscle (average)
rabbit muecJ-e (20 )
rabb j-t k1-dney (3I )
rabbLt kidney (31 )

Average

P1

Dlvergenco=Dx100

and Chicken FDPa"""1

1- sozyme s f rom dlf f eronb spe c le s:

x rabbit llvor (67 ) =x rabbfb muscle (20) =x pl-g kidney (l+5 ) =

Avorage

101
l_ o1-

1"1

5.}+
7,6
J.olo

*

¡
rO
__j

B

5,o
3"1
3"L

3.7
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exhllrited a molocular wolght of ]3hr90O f 4rhCO from

chromatography on Sephadox G-200" Data from tho sod-

lmentablon coofficlent o dotermlnod by ultracentrf-fuga1

methorLs u ylelded a molecular welght of 1i+3 r100 f or chlckon

llver FDPass" In tho case of chickon broast muscle FDPaso,

data fro¡n ehromatoqraphy on SephaCex G-200 ylelded. a molec-

ular weight cf L52rO5O * 5OO for the onzyme, fn vlew of

findlngs that lsczymos of a glrren enzyme have approxlmately

the same molecular woLght (28, 39 o l+0, lf9) and that the

mammalian FDPases have molecular welghts reported ln the

range of 127 s000-139,500 (18, 31, I+5, 67 u 71-), bhe molec-

ular woight of L351000 for llver FDPaso ls assumed to

represont bhe true molecular weighb of tho avlan FDPasoso

The high molecular wof-ght found for chlckon broast musclo

FDPase may be due to aggrogation of tho enz:lne to form a

larqer molecular species" The agEregatlon may be due to the

lack of prcper stabillzors, lonic strenqth, pH, temporeturoe

tlmo , or any posslble combl-natLon of these eff ectors. Thls

prcblem has )re t to be conaple bely re solvod"

fn, coneluslon, FDPaso has l¡een lsolated frcm the llver
and breast muscle of chiclcon. A comparlson of the molecul-ar

propertles of these onzvme s inrll-cates that , âs has beon

reporterì for the rabbib FDPase isozymes (17 u ?0), thoro sre

two rli stlnct f orms of the enzymo " 0ne of these f orms 1s

for,rnri 1n ths 1lver and kidney tissues of the chicken while

tho othor Ls found 1n chlckon brsasb musclo" Furthor work

remalns bo rleter¡nlne the procl so klnstic proportios anC

ph)'sloloqical rolos of ihoso isozyrnos 1n the chi.ckon.
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