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X»

The Anolmtomn and purifioatiom of em enzym mmks 1t poseible to

fer tho renetion vhhich it autalynes from the stampofmt ef ergmmie

Waif nrr> 1.e. as • rmotlon betwen —molecules la idhich the cutelyet 

tepyaaa to be a protoin. Such a oomstdarutton ■flaw the tools or phgaleal

alaaa a mmber ef enuymes tew bnon purified, to obtem eorrlatioms ef vhat

might otherise appear to be unrelnted provesses. On of the parti mlarly

themistry.

und 1* wmM be expected that snler conditfomm msht leed to e elmrifontio

abetrate intermedimtes. Xa thim mrtiele.

19

atamm fnvolved in the remetien has been Kned amd the at

bochmmical IVldWMI .

In moet ——a An the mubstrate fer am emagmstie resetic

r

l g ie

oarban etom la present at the mite of bond ala la bath the subatrate und
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mformatien about the mchanima of bond eleav

ferd la the article are all of th

replmood by a group, I, vth elther retenton (Equmtion la) or mversion 

(Equntion 1k) of sterochemieal configuraton. The enaymatie renetions la

vhieh tho eomfigurations of mitial subetrate aad finml prouot are kmnonm

Er*-fen, +- X (e)S

T~=nie (U)

DVD (a) a sngl displa

oubl ispla fmm resulting la retentfcm. While tto st hhemical

stom, th fairly vid range of remations oonedered ndiontes that the

mechame mg hav • wneral valdity for eng enzymatio ubetitution in vhich

• group I la replmced by a group X.

xx. MECHANISM or woNZZDTIC susrIrUrtC RACrIOB

t

repl have been entahlishad with notahle for a vide variet of

■kaarf rmettomns la vhich X mg to chloride, bromide. Sodide, hydral.



ete a mi kinotie evid
pted

Uineten, 1951g ama Eghes, 1951)• ths paper only • smplfie pictur

a

enf

t- x (a)

(3)

ppronch from

ti

those eases to vhlah the mftal resetamt to optfon1ly aotv. 1b adH—,
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tend The ndditian of soditm hdrode dons not lerate the

than with the ralatlwV weak bnm, water. Maae the rate dew ad a omly aa

the oomoentruton of ratCI to the povr, the remoten kimeties ere

first oder.

la tho alamalc Malden imversfon mnahenium llumtruted

C-X

@eperture af I. The crall rate of the renctiom dep

U)

ds,therefore.

ntration af T and of i a KIT, 1.e. the Irlaetf ew are enoond order.

mverted "lk the vanes of en umbrollm la a high vind".

Although theee two mchanims are eleary distingushmble la many

la degres rather then knd. Thms, la the fcnizaton mchansm, the rate

dependa only on th comoentreton of retdI la polar solwemts, but th rate

varies grestly vith changes la solvemt.- la a pola solvent

third ardar renetfons (Bvafm, Mill Bin and Hdy, 1948). Sinoe la polar 

solvente, the fair rencts byr the fonseton mecheniem and the lmtter by

th Malden mversion mechansm, the similmrity la kneties la the

mor aalraraal pfeture- la am came, it appeers evident that the repla

of the poW l la »Ual b ala ettrectng wolrailed vhch hevee uffinit
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d

pwumd

• umdergof
i

1

dhanf

zvelves the fommetion of • gralfe ntermediste and • produot af i

1937) occure under restrieted condiloms, e-g. la t vith

—— •—3, :
T7 - C1

-u - a (s)
This &

fomfsstten mechanizm, •-g- th aryl alky 

Ingola, 1946).

res temd to MM* ky the

4inola (Dostrevk, Eghas, ana



ezpeeted to —I ary th toMaa lawralaa type mechamism. Ito fonmetiom

toalaa oocurs alto tertiary aar^aa etoms ar aryl eubetituted fary

ara almost all primary oerbem mtoms and the reegente oculd mot give qolfe

the faet thet no dreet enalogy bet the ionimatfon ar nternal ds-

T afforded by the alalia ntermediete la tto mternal dfsplm

mny to roughly mimilar to tila rale of the enzym tod to attrscts th Y 

molecule to a poeitiamn fevorable to renetion.

II. EzTATI mcnau PECCEDDGG wm RrrrIo or crwuga

In Table 1 are llato« the enzyms vheh cztalyme renetions vithout

fer th conriguretion of atoatiata or prouet falls lata two general

teg (1) XT th ocpoumda are atable Qhay may to A

rues of rotaticn. (a) th ocmpounds ara —taMa, the iaay*<" reseticm

must to run to a polmrmet A

red vith li I । ii Utoly • epecifie retatfoms ef

the para subst
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Aetumlly 1t <• not fer th kind of ressoming 1.1

d t

fAie comfigaretom b 1t la

hydrolysed b maltase. Ths fall a— locienlly smee alu<w kyroly

18

fi

T

Ths ran—a omly ir

Smflmr. A (1903) tlem that K-glmoone wall la ji d

istry of maltase

asti

w elpha beta amylas, vhe mot om the eum wub

alpha mltose la on emse end WW meltose la th other.

ylase la knonm to
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eatalye renettons vith retenton of oonfi gure ti on.) It s evident, hovever.

that tha p of retention uring enzymtio renctons haa been establisbed

aeton end not the net renction of severel seperate emzgymmtie *

Suffelent nformstion la avallabia frem prifiemtiem F & to ladlaaW

that most aT th renetons 14sted fa Table l ar ndeed estelysed by a sngl

their smilarity to ether enzyms vhose purity la knom, b *, it la 11knly

provided th qumlficstions vith ra apart. to their puurity ere rememb

TV. MECRIM or THE RAGTIC FROCEEDINO VITH RErIrIO

rreot

tention ar oomfguret1 an la tha neturel

das

d.

lattaataa th meoeneity for a revislon la our tM^rl^ end the eeirebilt

than

»

a
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a)

fmwolve a reneticm at Mds atom at all. Tor ezmmple, la hrolytie renctioma

phosphat

rboee wuld occur, therfore, es a remlt of phosphat actiom

> •C-0-a 4 E20 h 0—0-E + BOB (6)

O (7)
t



H

- 11 -

AX__a. o-r-oc..-- (s) ‘
• the fact that beta t'l eatalynes a weter attack aa the 0-1 

carbon at — (wen folloing secttomn) explmno the fafluro to •bBT1— umy

mversfona at the G-4 atom of the gluoome remanrc en Um poly

Afata

The mechemm dfscunae la the precedine becton, although clemrly 

part law at la aoaa omnes nvolving retention, viil not eufrice for all. In

the renetfons of phosphorylas end mnol phosphorylase, far ezample.

eccure at th 0-1 atom. Thm, thos ispla rta mst a •war at tho 0-1

atom but the eonfiguraton of this atom la th fnal produot la •till h a.

1952) catelysed renction, the natur of th produots mnd renctante shovs

of the purin and yt th oonfigurntion of the C-2 mtom la retaned. Xa th

hydrolyss of starch catalysed b alpha emylmse, the ala MW pant la not

A_AA-a**0- (9)
Lce <A-

e
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mochanten mst, tharofare. tea devimef tea elarfy tho at • retantems
at eerbon atoms vhoh ar drctly nvolve la the mubstitutons.

To *• thia la As

2
A * :Z # (10)

X:A

In reaotion tha —111a or eleat

unshare eleotromns on tho deperting group, Z, weeh tho M bond.

essentfally the sem tim, th elet A groo Z, epv from

the "baekside" and ultmately forms a bond with the C-1 etom. Thun, tetea 

replacement of X accure givng a prodaat ef imvrted eonfigaraton. Tho

tyl n tealflap woud tea a

In thmt cnse, th ala

Zono the departng X. aa ethog? grompo and the nomnes Z, a wator aalaoa  la.

mochenfsm ere eimilar teat the atava

(Frumh and Isbell, 1941). In ths ceem, th oxgen etem of Uta mghboring
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acetos group the elestron-• hes the bmekside

af tho 0-1 atom aa tho halide atom oparta (aT. Pqustiom 11). Thia results

"a
#o + Ai—’ ( < -A,* (11)

la the formatton ar a motmstable la* ■raw* law (X) vhich thu rencta vith

an eleet

A

<4? ($ ('4
$ - X

9

the ogrgen en th aw la prrobably mot devloped, buut the fores

la wuuffielently strong to praaarva the eonfguratlon of the Baja—Wla atem

d. Theus, this

final produet of ratal mM oofigurstc-

fully vith the group X as tlM initial ala a

atom.

Applyng Ware mechanmms to Um enzymatie renetions, ft

eleet would aot aa Um Initial baekside attoBWIaf rengemt analogous to Zs

la equntion (1O) or to the ogren of th

quation (11). The affimit of the substrete far the I umi swrfaen will



t4

ull be ea

*

(13)

#se

ft

A ut

(1)

MM

Mi

It

A

d tf

diat
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only from the front. It should be emphaszed that the attrneton sT the

on the G-2, G-4. eto. oarbon mtoms, will also tend to half the cebotrato on

the enzym urfsce mnd will, therefore, allow a fairly weak nteraction

to ratals the oonfigurston of ths ntermediste.

The mchansm la jirahahly bent illustreted by taking a spocifie

a Iha 11 ctatel li ty typieal of east ala. Xt s, therefore, reamenahle to axpest

am ncidie or eloct kng group la the enm

eurfmce. A nchematie poture of the mpchanism •eg then he moen la Pguresl m* 
2. In Hgur 1, as the hood betwen the cartas atom ana the phosphunte gromp 

breeha, the elnetro-donor cite, D, etarta to share its elaetrams with the 

hew a perfent tetrahedral arreafaat of the bonis mraund the C-1 atom, but

The ebove mohanu is oonsistent with all the chemonl and blologioal

evldence, but there remens the qusstion of whether it is unqu. Qareful
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Mderatiom Andfentes that «tar» s ane ether tataL

*

A

trat

14 Th emagm f a—11, threfore, uhlMt "absolute

1d

C-6 s 2mvolved me an elset All Uw wubstrutes l4ted 2n Table 1
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lvoglmccnan has been ah aim to ba nmctve la yeast extreota (Qottschnlk, 

1927) uhteh eontmin mltase (sohm, 1895) ana othez K glucomiaze enuymes 

CKlaaallac. 1939, Sahaffner and Specht, mrdly, 4he al«dnrty la

specificity properties and th dfficulty la weperation of many of tha aria

hgrnses uggests a simdlarity la moohanimm that snems sor rensonable with

the ennym as electrom denor. Thamy beta mammondnne and bota gmlaotoniase 

have a clono resomblanoo la phynion and ontalytte proportteo (Velbal, 1950).

C-2- Tourthlyo the appearmnoe of a oparate anhydrid intermediate la art 

aensistent with tho kinotian or come or the purfied wj—■« Fifthly,

trons neighboring particpetion effeota haw bemn obwerved only far edjnoemt 

groups and tho formmtion of row and five membered whydru ringa prooeeda la mumy 

aaaaa only if aa epode interdlato la formd. Maar no maoh adjaanat town

group ezte, for exmmple, la alpha gluoome derivatives remetng at the C-1

atem, and Maw levogluoosen la nmetv, either 1*) and 1,6 pertieipation effects

ar a 1,3 ahgro ring mapt ba pootulated far the renoticns of alpha glmoose 

ccmpomms. Nome of these aaaaa pmrticulnrly probabla. These romaona ara not

eonolunve, hovever, and further vork with anhdrilde intermdates and speoificity 
studies will ba naedad to establish Anividun moobantame.

Whatever the souPe of electrons la the inital stege of rhe renettom, 

oertain features aro apparently ocmmon to bth detallmd mechmmtemms Cl) two

dsorte displ ita oocur, (2) aa intermediate of nverte oonfiguretion la

formed, end (3) the oovalent head of the departng group, I, is brohcen before theo 

bond to the nooming I la formd. These festures should then ba common to all

thone renctions nvolving rplaommet with rtention at an emymetrio cerbem atom.
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*

ponef

sion
fe atom

la ratal Mt. Thos that are knem ar llatal la Tahle 3.

II » la esrtenly
ft 11

tiea ham been •uggested as a pomsible 

mrrangumamt Laladr, 1951) mna mm

g-
t

The first Wo renetonn cubtedly nvolve direct dimpl

l. gal
tad te wrdimediphospho-

(Utalr, 1951 ), that fomum
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len, 1946) ndicat that a direct diapir it at tho C-4 atom la tha

Q4vard, Motsler, end Bne1l, 1952).

mverslons probably oocur by dpla it la enzymatie reectons.

hanmm vhieh aaq»lalaw the obeerved imraloa is that the two

subetrate molecules are attrected to rtjaaawt etes as the enmyme surfacs art

then a dfreet Amitial oo1leen botwen the subetrates Man. Thas, la the

sets as the An?tal eleotron- • molecul is takon hr th assert art a hi ata

displa

(Stela art Eoshland, 1952). It cun ha nssumed, therefora, that these renetiome

mvolving a AZeplaoement with Anvernon proused hy a direst angl step eel11st ea 

sT subetrates on the emmym murface (of. n<ww 5 art diseusson hr PIttng art 

Demorofr, 1952). In this mechaniem, as la the ar sheet as 1 art tag to retention.

ha expected bat these haw haaa omitted From the figur to emphasso tho



VI. WODETCLATURS

respectvely- Ths la correct if it b understoot that rafwaea la beng

Ei

ymes and metal ioae are not all 12kply to ba aba whit an the enzymo

simaltaz y even la a "omne tep" mchemmm. It seemed esireble, therefor.

to use • prwlM vhich w—If apocfy alearly vhat is meant ky

It la w>t»i that the mechansm illwstreted la Figure 5 be

a —XY
44""

B-Y + X y-b X ////,"/ji/

H—ri S

harged.) Tho ognfacant feature is that the covalent boat betwoca B 

molocle X. Tha engle dleytlaaaaent ■eehaalaa leed to Anverson of eoufiguarattam

vhen asywmetrie carbon atoms are nvolve.
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Tho mchansm 11ntrate in equnt5ome (15) amd Cm) is

(it)

(U)

noted that the W bort fe brokem befor the formatfom af the BY bomd.

oOcurs at an amymmetrio curbon atom.

VII. RELATIOMSHIP TO OTHR DZMTIC SUTITUTIC REACTIGB

As montioned la th 2ntroductfon, the 2versty of the 

renotiona which oen ba oorrelate byy Um mngle and double dspla

gantie

$

emnzymetie sbstitution reectons. The anelogy etwen enzymte behnvior

and the re otone of eubetrates la the ab

displmcement mooheniems la meny enzymtie renctions. As os ezmmple, Um

ability of acetyl phosphste to unergo flat la a Bawa W an either onrbom or phosph

in blological systens la perelleled by milar behavior ta equeons solutiome

la the p of simple cetelyte wach as hdrogn end hydroxl iona (Bentlmy.

1949; Koshland, 1952). A rawraal in meohantam of hydrolynia af Uda

free phoeph

at a sngle pM by a simple cetalyst much as wrldine (Koshnnd, 1952).

11hely, therefore, that tho enzymotic cubetitution reactiona Wm thoir nom-

a partcular reaction ta elther a single or doable dlaplamaant la not simple.

bat there ere several posnibl epproachs. Doudoroff, Barker, and Hasuid (1947)

used the exohenge of radonotve phosphate vith glu -phosphete la Um p



phosphoryl

*
the

1

t mchami

Naoh

hemum fom moetyl cholimest

phet

Qa

my
bet

A entalymed t tyl
toms has led to the pmetmlste of • to stp

(hrtlW and Veliek, 1952).

tylam

Qytio ei

Atoralvtac

for a engle diplm

(Stein amd Koshlazd, 1952). Thme, it eppeere thet ther repl

trie oarbon atom, mnd 1t fe et laaat em entiaing poemiblft thet

all emuymtie emhetitutiom renetioms omn b oorrlmted br Umm

d

evolutien af Qecules. Far emmple, the glyoerald

lmse prropert

Fhonphnte

M (artng
A vhiah 1s of sch

Rachert amd Ruefr. 1951). It posaible

a mbH frecmemt oontanne en notive
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of thfs fragment as • shuttl meg them have 11 d the effiefenoy of the

metebolie nystem ao thmt it remefned as • vym moleele.

lyy lying Urita reesonng la iw^mt** » It nigM be wall to look far

groqpng» on ennym murfsces to Umm* UMt ar* knonm to be MttW

1* vymee. Pom ezample, Um iMpart of phosphnte groups in ooezyms

eito of enwym mctivit.

VIII. Se9unT

Zn Ummm enzymtfe reectionm mvolvnz the mibetftution of a «roup

oomfigurstlon as Um initial subetrete ar has en in vi rtad configura tl on«

S2zteem ezamples of Um former end four ezmmrles of Ump lmtter nr* Isted.

Mnehmniams vhteh mccoumt for Um retontion ara (a) Um ruplnoumemt

eerbon etom, emd (b) Um net replmeement ocoure by two aaalw dSapL it

om Um amymmtrie enrbon etom. The initial dlapla* t la Um latter mm

probebly nvolves UM MMslM at’eok by a* electron-ehering alta an Um enzyme

abstrete ntermdnte of nverte confieurr tfon.

t — 'MP* vhen Um group I remete, egan vth nversion.

vith Um ntermedimte to form a produot havna Um eame aonfguratlon aa Um

initial subetrete. Um paaalMUty thet Um invartag nteruodate la forned

ildered mprobeble but not rgoromely ezeluded.

Of Um fow ezmplee in vhieh Um prowet has a different configuratiom

ft11 an Um Initial ubetrate, three apparently prami by dreot dspleosment of

ta eerbon a tan. In this cese Um eleotrom~replling

emd atUmating mites an Um enmyme wurface ostalyse Um rencton bv ther
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