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1. Iztrodaction I this communication, we present evidence from

Phosphoglveerate kinase (EC
the reaction: MADP ™+ 1,3-digh
MATP? "+ 3-phosphoglycerats.

The properties of the enzyme isolatzd from seveni
sources and the enzyme’s reaction kinetizz heve been
reviewed tecently by Scopes [1]. Investigations have
deait substantially with the kinstic activation of the
enzyme by metal ion cofactors [2--5]. ‘

Preliminary K-rav crystallographic studies have
been reported on the enzyme from veast [6] and
horse musgle [7}. Recently a 3.5 A resolution slec-
tron density map of the yeast enzyme was cale culated
{8]. By snaking C'ySlalS in solntions < "omammg mag-.

2.7.2.3) catalyzes
osphoglycerate =

nesium ions and ADP, the position of aunique MgADP

(or MnADP) binding site on one lobe of the enzyme -
- was located, though no definite conclusions about the
_ ‘mode of bmdh‘g ofthe metal fon- wers Ieas.hec’z EB}

I The Abbreviations used are: PR R pmtcn relaxaion raies
" XDP, xanthosine-5 -dsphesp‘ma*e- > .., percentage stan-
o dard CEW&UOI’\, HEPES, - ?.—hvchuxyeth,npmera?.mm‘x’
-ethane.w fomf' 4..d :

;N;:r:h—ﬁé!_i&nd FJb:’i;kinQC@ﬂ:pén} f—'AﬁL:{téfda;-u' -

"PRRT of water were ma

‘out as described previously

“equilibrivm binding measuremants by NMR relaxation

methods that the'metal lon 2nd ADP® ~when oresent -
individually interact weakly with the yeast emsyme |
whereas the ’\iAl“P fomplex is very szrongn ‘raoun:i
to the enzyme.

2. Experimental 1;5roce~dures :

- Phosphoglycerats kinase was p:epared rorr yeast
as described by chme; 19; ~Measuremenis ofthe
> made alSG MHBz in 50 mAi
HEPES~XOH, pH 8.0 at 25°C and titraiions camried.
[10]. Nucleotidas were ..
obtained from Sigma. The -re}a'tionsl’nn”betwpen e*,
the cbserved enhancemen: <f the PKR ard &, Fb, N
and £, ,the chs mcten :tic enhéncemenis 'or the MS, -
EM and .EMS corrplexas have been dewnned (13,% }.}
Ennanc=m_,'1t. data wers ana;yz:d as des;.pbed by :
Rced et al. {121 Valucs obtained- from Cor nputcr

‘ ‘arraiym w;re €yand ths f..onsw.ms, }’g and. Ki» for ;
_the dissociation.of M8 end 8 frorn EMS and B8 corn-
- plexes, :espectwe, ¥, 'Ihe~ val.xea ob:amed *reﬁously '

" fore, (1.7) and the’ L"b;ul&tluﬂ ...nnslam ""Mm*\_l?“




used fexhenucleosxde ’dlphﬂsp A

B Adtht\pn ef-

;ﬁtrah':ms, with MnCig ﬁxed at 0.1 mM and varying -
L BRZYme's soncem:atmn ‘gave a best fit for a- one site -

- thodel With €,.4.3 and K, The dissociation ‘consiant L

" fm the EM. complex, i in the range 0.5—1. ‘U inM,

" PRR titrations; at iwo coneemratmns of phosph&"f o
g’lyse:rate kinase with constant MnCiz (0.1 mM), and -
e MnCla, 0.1 mM; enzyme, 0.162 mM) with 3-ph{>s- -

- phoglycerate a1 25°C (fig. 2). The decréass in enhan-- -
_ cement appears to be. Ioo large tobe attribated so]cly

0 binding of manganousions by 3,phosphoglyc&rate

“ [16]) . The calculated change in availabie MuADP™ -
. changed from 0. 092 40 0080 1M over the concen- © -
. -iration rangs, zero to 5 mbl, of 3—phosphog1yneraie .
" msed. {A vaine of 380 M ‘was used for the’ stability -
.,mmsiani for Mn- 3~phosphoglyr'srate in these calcla:
' tions [16] ). A plot of the'change in enhancement s
- a fonction of 3. phnsphoglvcm ate concentration indi- -

o N _'acated a dissociation constant rcf appmxnnately U.b o
Vb for 3-phnsphoglya::&rate, from the qua*emary B
- feomplex, in masn*‘table agrasmem mth the Eﬂnebeaﬂy ]

“with varymg “ADP.are shown in ﬁg 1: The peaks of

“the curves are much broaider ihan ‘observed with, for R
e:xample, creatine kinase 112] or adenylate Kinase .~
_{14], consistent with relatively weak competition by . -
- ADP?~for the MnADP site {12}, This was conﬁrmaﬂ o

by computer analys:s w}mh yielded values of 85 pM
“and 3.2 mM for K5 and: K, respec*_wely, m"lh €, .
21.0{%8

'>52ﬂgi L

:':'-'-: '-t:t:atxons gave sufm]a: val‘
KySmMooo

an to phosphog’lycemte kmase i
50 mM HEPES-KOB, pH 8.0, produced a mcderaie}_ e
degree’of enhancement of the PRR. Analysis of two

D=3 J74) for e K4 value of 1. M. Lowa .. - -
;mng the vﬂua Df Kﬂ 1o, E S mM ﬂxﬂ not alter mther SR

he fitor *he €1 stants’ PP c;ably A s.,cond set @of

,\uz‘ et, 23 .sz, .lloyM

SOfF other nuc]emhées i-..sied MnIDP‘gave mmﬂas f" :

S ""Qenhanceme'n'i:s' MnADP viz. €, 21.4; K5, 143 ,uM ‘
K28 mM (%38.D.=4.2). 1t should be noted that.
,‘AITP is neaﬂy as affettwe a substra te as ATP [5].
- Significant increases in ‘enhancemant were D‘bservﬂd L
for ¥MnXDF, MnGDP anﬂ IﬂnATP A smaller i mﬁreass

in enh:ancement ‘was observed wﬂh MndADP ang:

; .Mn'l}DP or MnCDP did not produce a @hﬂnge nen-
'hancemeni, Details shall be presented €lsewhere [15]

Evadence for the formation of 2 quaternary ’winADP—f

xenzyme -3 phosphmglycexate coniplex was obtained.
“ by titration of the ternary ecmplex (ADF, 9.5 mM;
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' changes were nbseweﬂ al 0 ‘C anﬂ no sxgmﬁcam :
effectof NO3 don was n‘hse:rved, in conim"s? 1o _ex
"'menis w':th sreatmp kmise [1‘7} :

,f4_ Dlscussmn _f ' ';

PRR ht:ahons fm phbsphaglyc emte kmase show
.paﬁems similar to those observed for memi—m:cleo-
tide titrations with the enzymes creatine kingss [12] I
‘and adenylate kinass [14]. I is also striking that g,

for the pnosphnglyccraie kmase—ADP—Mn cnmplex : -
is mrtually jdentical to that obtained for the MnADP™
com@lex with creating k;na_,e [12] “This obsersation

-suggests a similar environment Tor the Mn.{11) in the
two temary COmE l.k::es Hx}wevgr in contrasi to the
sitnation with creatine Kinase where the enzyme’s

-affinity for ADP?~is ondy two-fold weaker than jts

- affinity for MnADP‘{iB] “binding of ADP“" o -
‘phosphogiycerate kinase is approximately forty- “c]ﬂ
weaker than that of MuADPT The contribuiion of -

the metzl fon to the stability of the. temmary complex. - . o
* 171 Biake C. C. F., Evans, P. R and Smpas R

‘could arise from specific metal ion—protein interac- .
‘Hons or from partial nevtrdlization of the negative
‘xharge of the ADP*". At present there is msufﬁmﬂnt

information to differentiate between these two possi-
L iltﬂj O Bultivan, W. .- Rgtd, G, 5, Magsden, K.H ’C—mgh

“bilities thongh the K-ray data on the horse miuscle

enzyme is consistent with the direct bondingof metal -
‘Jonto protein in the tarnary complex, indicative of g -
-E g‘ structure [18] . The considerable specificity of the -
enzyme towards the nadleoside moiety indicates that -
proiem—nmleosm,, interactions are ampmtan‘t m 1he _

overall stability 1o the. ternary (camplexes [1]-We

3 graph]c inyestigations.

1tis also nofeworthy ﬂxa‘t the I“{R Ie'ults are aug- ;i_ &3?} Reed, {G.'P' h 4 Cﬂm M. il 9?

: ,gestwe of thg formation of a'dead-end complex, ,
-.-'enzyme—ADP«—Mn-—i’» phmphnglyceraie, o

sed nmlea? mameMD resmam;e spectroms ie;s and
© Dr.C, 'C.F.] Blaké for communicaticn of results of
= '.‘Xe—rav seudies” prior o puh ' _
s ‘-suppoILﬂ by the Ausna}; Researc ?Smnts ""am~ :
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