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ABSIBÂCT

A phosphatase rúas isolateil. fron potato tubers ancl 10O foLd

puri-ftcatíon was achieved with DEAE cellulose co}¡nn chronato-

gfa¡ih¡r.

The phosphatase has the typical properties of a phosphonono-

esterase 1l- with pE optimun al 5.5. All the phosphononoesterE

tested. were hydroJ.ysed to varíous extents. llhe Mj-chaelis-I{enten

constant cal.culated lrith phenyl- phosphate às substrate was 11.1 x

LO4 U. The potato phosphatase ean be heated up to 60 ninutes

at 5OoC without Loss of activity. A shorter periocl of heat treat-

nent appears to activate the enz¡rne.

ftre potato phosphatase was activated. by oxatate ( azide (

fo:mate,( I-tartarate at a concentration of I x 1O-4 M.

Of the netaL Íons tested. l[n# and !'e# were sLightly stinu-

latory to the phosphatase activity, whereas Hg# > Cu# > IE++ >
+J- , -Á. \Zn- were inhfbitory (conc. I x 10* u).

.A¡sen¿te ) fluoríd.e (f * fO-4 U) also Lntribitetl the phos-

phatase aetivit¡r. There was conplete Íntribition with nolybdate

-Lt0'M.

t...
I :.:,:
i:ìì.
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OEAPIM, I

INTRODIICTIG{

Anong aLl. tlre essentíal elenents phosphons plays a unique role 
:

Í:a tiving tissues. Phosphates fom n¿tr¡ral br¡ffers ancl control H- ,,l,,;,..,.

íon concentration in bocty fluids, altl protopl-asn of thê liui¡lg organisns.

PhosphoS-Ípid.s pJ-ay a naJor part Ín transport of ions across ceLlular

membranes. Phosphate bonds linl¡ f,egether the nueleotíd.es which form ,::':.::t,:,
i,i':.,''i''. -:;

RN4. and INA, thereby playing a significar¡t role in growth andl. heretlity. 
l''..'

Such phenomena as bioh¡ntnescenee and bÍoelectricity are depentlent on i " "'
l

the phosphates" PhosphoryJ.ated conpor¡ntis are the baEis of alnost a1L 
.

:

netaboLic pathways. ALL this is possible because sf the rtkinetic sta- 
I

bility of a the¡mocl¡maraically labiLe phosphate bond.'r (tipnann). &rergr 
i
l

blndi4g, transference and reLease are centred, on 1t througt' the netLia- 
l

i

tion of a host of enz¡rnes (H.nases, plrosphorylases, phosphatases, 
i

pyrophosphatases and. pyrophosphoryl.ases) a:rd a Large a.nount of |iterar f

tr.¡re has alreacly accumuLated on phosphate netabolism. 
i

In general, tJre literatr¡re deals ctriefly wfth the pathways of I

i

phosphate ¡netabolisn in a¡frnaL tissues a¡rci microorgani.sns (yeast, bac- i'li:l:.,,..|

.:,. . :

teria and f\¡¡gi) *A the j¡formatÍon on phosphate netabolisn Ín higher 
t,..,,,,,:1 .'

Blant tissues is neagre. Much less is kror,yn about the enz¡rmes in pJ-ant

tíssues, nith respect to their suitability a,s source nateriaL, theÍr

substrate specifÍcíty a¡¡A kinetics. 
li¡;¡:;:,,.::,

il;'iti'.r.,'.r



2

Phosphatases, as an erampJ.e, are a group of enø¡mes universally

present in living organisms antl have been denonstratetL in nany plant

tissues. ftre investigation reported. herein r¡as r¡ndertaken ¡clth the

pu:ryos{pu:rif$ing and elucidat{ng the properties, lclnetics anct speciff-

cíty of the acid Bhosphatase from potatoes in ord.er to cteteruine the

extent to whicb it conpares r¡'ith the ¡ihosphatases from other sources.

Fr¡rthe¡nore, Ln order to facÍËtate sttrcties in fielcts of carbolSrdrate

and. nucleotícle netabolisn bei:rg conducted. tn tb.ís laboratory, an nnder-

etancling of the acld. phos¡ihatases is inperative. With tiris i¡r view

the purification of a¡r acid. phosphatase fron potatoes was r:nd.ertaken.

Ore of the steps ín purÍfícation nas the use of ion exchange

ohronatograþÌ¡r. Several substituted. celluLoses, especíalþ ÐEAE

cellulose (SoUer and Peterson, 1956) have been introctuced in üre recent

years for the purÍficati.on and separation of vantous proteins. A

large number of enz¡rnes have been purified to an exteùtt which was not

possible by the conventional nethocts rrith the aid of other 1on excþange

beds. Again, nost of the Literature refers to the application of

chronatographlc technigues to enz¡mes from aninaL or microbial sources.

Ït was ¡rith this point ÍJr rninfl that the prgÍfication of the phosphatase

v¡as undertaken from potatoes by the use of Íon erchange chronatograpTsr

with DEAE celLulose as the íon exclnnger.
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CHAEIER II

RElÍTEIil OF I,TTERAfURE

flhís surrey of literatr¡re is reÍnly concerned. with the phospho- i':,',;,,..:.:.".._ ;..,- ,.-... a.. -,: .

..-....''.-,
monoestêraseg. A bnief reference is nade to the history of phosphate

netabollsn and the various t¡4pes of reactions j¡voLvetl. thereLn. Ttre

phosphatases are, Ilker'rise, considered. before tlealìng with the phospho- ::,. : :.,:,

monoesterases in a greater ctetsiL. One of the purÍfÍcation procedures lË.'i -.

-.:
follo¡vecl in the present investigation has been ion e¡shsngs chronatograpþ. j,.,.rt,,,r,

Since Íon exchange chronatograplgr is a najor advancement, a short note ,

on its history and various aspects ís lnclucted. separately, with special 
i

referenoe to the chronatography of proteins. fhÍs review is, therefore, i

IdividetL into tlro sections, one cl.ealfng with phosphatases antt the other j

l

concerning chronato#aphil. 
l

l

,i

HISTORIC+L PHOSPEATA,SES I

i

snjuki, ï6shimura and Ta,lcai$hi* (l9oz) describect a phostrùatase

Ifrom rice bran which splits off a phosphate group fron phytin. Mccor.run 
!i.._.-,,.,,..,.,

: :.)_:r:; -;

anil Hart (rgog) denonstrated a si{riLar systen ín aninal tissue. FolLow- 
i.,.:;,r,i1,,Ì
:::- t. . -- _-::ing thls Eardea anct Tor.urg (fgOg-fO) reported. the production by yeast :,i:.'r,:':1.:':

juice of Ínorganic phosphate and. sugar fron a hexose phosphate. Von

E\¡ler and I\¡nke (fgfz) and Grosser and Eusler (fgre) noted. the presenee 
l

of a phosphatase j¡a intestinal epitheliua, bone, kidney, spleen anct pan- ffii;Ìi,
creas. Robison (lgzz) ùiscovered that a phosphatase prod.uced a pre-

cipitate of tricalciræ þhosphate in the presence of a soluble calcir¡m
i

ti
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salt anil hexose phosphate. ftris reactÍon folsetL the basis of the

theory of bone calcifÍcatíon advancecl by Robisoa a¡rd Soanes in 1924.

Conseguently the phosphatases becane progressíveIy nore j^qrortant

as the studiee on ossification of bone antt carbohyctrate netaboLism

disclosed new a^reas of phosphatase actiuity. . Various types of

enzlnnes Í¡evoLvecl in phosphate metabolisn have si¡ce been tliscovered

(phosphoryJ.ases, phosphatases, transphosphoryIases, etc. ),
tlhe forlowing are the reactions typical of the above nentioned.

enzJmes:

I. Phosphatases: Hydrolysis of pùrosphate esters

0
I

R-0-P-08 + HeO ît R-0-E +
I

OE

2. Phospborylases!

lfo+

q-I-P + F i==ÈG-l-F + 
%pO¿

5" Phosphokfuases: Trar¡sphosphorylation ¿stng Agp

Creatiae + ÂgP 
= 

Creatí-ne - P + AÐP

4, Isomerases (phosphohexôùsonerases)

ffi-p F==È F-6-p

5. Mutases¡

c-l-P + ffi-P F=à c-1r6-P

Phosphatases selectively hydrolyze the phosphate bond.s of a

wid.e varÍety of compounds. These bond.s include the phosphates,



,

plæophosphates, pol.yphosphates ancl metaphosphates. A¡nong the þhos-

phates, the noaoesters - O

I

R-0-P-0H
I

OE

anct diestêrs -

are hydroryzed but not the triesters. Íhis hottts tn¡e for p¡rro-

phosphoric and pol5ryhosphoric esters as ¡re1l. lhe nature of R

radical nay also have a¡r effect on the speoíficity of the enz¡nne.

Roehe (fg¡O) classifiecl pürosphatases on the baeís of their substrate

speeíficittr, (naute t).

-akasatsu (tgzl) d.enonstrated. the presence of plrosphatases

shoming the sa^ne specifÍcity but ¡rith tlifferent pE opti-ua. Ïhese

enzJmes ¡cere qaLled isottynamic phosphatases ar¡d were classified. on

the basis of their p'H optÍna. Aceording to Roche (fg¡O) forr ty¡res

of phosphononoesterases, three of p¡æophosphatases and tù¡ree of phos-

phocLiesterases have been identífied,

Phosphononoesterases are wld.ery clistrrbuted. in living tissues,

lhey liberate the phosphate fron a varlety of substrates accord.{ng to

the forutrla:

0

n-u$-oar

å"
i.::.--: ;;.
i':;',.i',:;:.

iì': ii:::: ,

0
I

R-0-P-08
I

OE

* %o =à nos + H5Po¿

l:: -.

r :l

1..,..-

1.-'

1...

f r.i: rl

1



TABï.,8 I" Substrate Specificity and Chief Sources
of the Phosphatases,*

Enzpre Ty¡re Substrates

$, Phosphatases specific for one bond

Phosphononoesterases Orthophosphoric nono-
esters

Phosphodiesterases Orthophosphoric d.ies-
ters

þrophosphatases Phosphoric acid. and
its esters

Orthophosphoric
ani des

Phosphocnri dases

Phosphoacylases Orthophosphoric anhy-
d.rid.es of organic
acids

!, Phosphatases

Ad.enosj-netriphos-
phatases

l"Adenylpyro-
phosphatase

2"Ap¡rrase

Phytase

Polyphosphatase

ChoU-:rephosphatase

Hexosediphospha-
tase

Polynucleotid.ases

5 tnucleotidase

Metaphosphatases

specific for one or several- substrates

Ad eno si¡e triphosphate

Chief Sources

Bone, lntestÍnal
rr¿cosa, kídrreyu
fungÍ, molds, yeasts

Liveru kidney, yeas
snake venons

Intestinal rrucosa,
kidney, yeasts, f
nolds

Kidney, cereals

Musc1e, liver

Muscle, i-ntestinal
rnucosae potato

Muscleu potato

Cereals, seeds

fntestinal mucosa,
mold.su yeasts

Intestinal nucosau
snake venons

Liver, kidneyu
yeasts

Intesti¡al mucosa
pancreas, liver
Testisrsnake venoms

I(id.ney u rnold s 
u 
yeasts

Phytic aeíd

Tsiphosphoric acid.
and higher honolo-
glres

Cholineglycerophos-
phate

1 u 6-Fructosediphos-
phate

Nueleic acids and
pol¡mucleotides

5 û-nucfeotides

IiietaphosphorÍc acid

x (After Roche, 1950)



tABf.,E II. Classification of Isoctynanic Phos-
pbononoesteff¡ses*

7

Chief characteristics
in celI or tíssue

rr 5.o - 5.5

ry 5.0-6.0

friver, seeds
firngirpros-
tate

Activatíon by lv'bt¡
inhibitÍon by -ffi;
nore on B- than on
ø-glycerophosphate;
optinaL stabilíty at
pü - 7.5 - 8.5.

No activation of $g#¡
intrÍbÍtfon by F; nore
active on B- than on
ø-gLycerophosphate¡
optinal. stability at
pE - 5.0-6.0.

Ir¡tribitÍon by Me#¡
more active on F- ti,sn
on ø-glycerophosphate ;
opt{mal stabiJ.ity at
ÉH - 4.5-5.5.

.¡J-
.å,ctivation by Ue' ' ;
more actlve on ø-than
on F-glycerophosphate ;
optinal stabiLity at
îE - 6.5-7.5.

x (Àtter Roche, 1950)
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fhe stnrcture of R-radíca1 rnay have linritetl i-nfluence on the

ÏqydroJ.ysis. flhe phosphononoesterases occur usually in associa-

tion ¡rith pyrophosphatases. Their separation could be achieved

by selective adsorptíon, thennal Ínactivation antt maintainance

at optimal pE. In general phosphomonoesterases of hÍgher plants

belong to type 11 (Roche 1950).

.., . .a -. '.,:-)
:--r::::::-

SüINCES

Seects (Joyce and. GrÍsoLia 1960; ttrrner and. ft¡:mer 196O;

Newnark and wenger 1960) and potatoes (Roche r95o) ¡rere formd. to

hsve a lr-igh phosphatase aetj-vity. Roberts (WçA arbi ]957) fru."

extracted. acid. phosphatases fron r¡heat leaves. Ito, Kondo a¡rd.

t{atenabe (tgES) used sweet potato as an enzytne source. A phos-

phatase ¡¡as extracted. fron citnrs frruit (¡xeIro¿ Lg47).

SPEC]FICITY

fhe ¡ftosphononoesterases are generally nonspecific. Ttrey
:....:..:1..,

catalyze the trydrolysis of a nr¡mber of phosphomonoesters (hexose '¡';;;,t;,,,,,t.ti

. ... .,,
phosphates, nucleotides and polynucleotitles) at different rates ,i,t.:,j"¡'ll;,,,,,

; : t -:''

(Newuark and tfenger 1960). Ito et af (fgl¡) have presented data

to show that the lrydrolysÍs of B-glycerophosphate, Ârp and inor-
l

ganic p¡rrophosphate by a purifíed. prepa:ation fron sweet potato, 
i ,, .

is catal¡rzed. by a sÍagle enzJroe. .AxeLrod. (tg+ù and. Newrnark ancl i:rrr: :::r':!:ì
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tlenger (rg0O) d.enonstrated a pyrophosphatase activity with

their purified preparatíons (cf. Roche 1950). Lee aad. Eiler

(føf) obtai¡ed a preparation fron potato tubeæ l¡hich splits

only one phosphate group fron.AfP on incubation below ToC. At

higher tenperatures a secoad. phospùrate g"oup splits off, but

at a slo¡rer rate conpared to the first. l,thether this is due to

an apy:rase (frishnån Lg4g) or a phosphomonoesterase is not cer-

tain. A substrate specific 5r-nucleotÍtlase has been for¡ntt in

barJ.ey leaves ( Sturster anil KapJ.an fg5ù. Chakùevorty, Chakra-

bortty and. Buma (føg) purÍfiett a¡r acidic C-L diphosphatase fron

spinach leaves which ¡sae active on Fnrctose diphosphate and ribu-

Iose cliphosphate, Its actÍvity toward G-6-P was only 4% of that

toward the ctiphosBhates.

.ACTIVATORS

One of the charaeteristÍcs þ wh-tch phosphononoesterase 1l

is disti¡gnished fron type 1 is its i-asensitívity to tr[g# and

other clivarent íons, sulphhydryl groups, amins acid.s and alkaLine

cyanides. Joyce antl C,riso11a (1960) detectecl a slight stimr¡la-

tion in the activlty of one of the chron¿tographic fractions of

acid phosphatase by Ug++

reported that ao ED¡IA antt Triton X-100 h¿ve a protective actÍon

on the activity of the euz¡rne; b. s3.íght activation by !þ* anct

h*, I{g*

',:1..::,):.

.:

.

' ::-.. .

l'','.
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In 195e Roberts stutied the effects of severaL Íons on ¡rheat leaf

Bhoephatases ., From hie data it appears that there is e níld

activatíon wlth ug++ and Fe+.

TNEIBIîORS

Fluorídes antl nolybdate are strong ìnhibftors of phosphonono-

esterase It actírrify. Oxalates, phos¡hates and pyrophosphates 
1,,,, ,,. ,,

a¡e r¡sually strong inhibitore. Metal1ic ions like Eg+, F"s, i' "

Cu# ¡rere reported to lnhibit the activrity (Joyce anct GrfsoLia 1960; ¡r,,i..r¡

Ne¡rnark and l{enger 1960). Roberts (rgeo) denonEtrated. inbåbLtion

þr fluonide, no\rbd,ate and arsenate, Naganna et aI (føl) repor- 
l

I

ted. a conplete fnluibition by oopper of a phosphatase from potato 
l

extracts. :

i.

THM$AI, SI¿3II.ITY 
i

Phosphononoesterases are renarkably heat stable. They nith- f

stand prolonged peniods of heating at relatj.vely high tenperatnres ,

w"ith only a slight loss of activÍt¡r. Tf¡e:rual inactivation of i:."',.i
:i: 1:-:

other proteins is used. as a step in pr:rification of the phospha- ,:,=,,.i.:..
-,:ir. . .:.::

tases (ttennark antl lúenger 1960). Boberts (tgçl) stud.ied the

effeet of heat treatnent on aeid phosphatase from wheat teaf

Juice. Ëis rêsults are su¡ru,"rized in Tab1e III. Newmark a¡¡ct 
i.,:;,,.i;,,:,,

lfenger (fgeO) shrttied. the the¡mal stabÍlity of phosphataseE as a ii :irl'¡

fi¡nction of pE. At the optinun pH the enøJme retained oven WÁ

:rr:rr:rj:.:



TABI¡E III. Effect of teuuperatr¡re treetnent on acid
phosphataee frsm wheat leaf juice.*

-:

*(.qfter Roberts, L957)

of its aetÍvíty for two hor¡re at Í'lo| or L hor¡r at 5OoC but Less

ffiarl 5VÁ onlÍr after heating for half a¡r hour at 6OoC.

The ttata available so far oa the phosphatases are meagre.

The índividuality of several phosphatases, their strtrcture, the

factors írfluencÍng thelr specíficlty antl isoclynamics are stÍII
obscure. Idhile the significance of pûrosphates is keown 1n the

general. netabolÍsm, tJre role of phosphatases (with the exception

of alkaline phosphatases from bone) in tn" general netabolisn

renains unh.own.

gI SIORTCAT, CM.OMATOGRAPET

Chronetograp[y is witLely used for tùe purification and sepa-

ration of both organic and Ínorganic substances. Tet there is

no general agreenent as to the orig:in of chronatograptry. EarLy

i:ì,:r.::t+
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observations oa the aclsorptfon of ions by soiJ-s, d.ecolouration

of solutions and on the filtratfon of petrolet¡n revealed that

filtration of a solution throrrgh absorptive meùia retaraled the

nigratíon of solutes but this ditl not provÍd.e a resolutíon of

f,þs mÍrf,¡rs of solutes. Tswett (fæe) d.eseribect a chronato-

graphic method. of separating leaf pignents oa arr Ínî¡Lin coltrm.

rhis nethod consistetl naÍaly of ailsorbing a coloured. substance

on a coluør s¡ßd .!ü¿shing the coLr¡m. with a pure soJ.veat, nntil
a proper separation was acbieved., The coh¡mn was then cut,

witlr or without extnrsion, into sections and. each section eluted.

appropriately.

Reichsteín (fgZe) jntroduced the Liquict or fJ.owÍ-ng chrona-

togran. f'he co}¡ro was washed. successÍvely irith tlifferent

solveuts, each of a higher eluting power, and. each fraction was

collected separateJ.y.

BíseLir¡s (fg+f), introduced the techniques of frontal

anarysis and. tlisplacenent developnent. ru the frontal analysis

a solution of substances is continuously forced. through a colunr

and their concentration is measured on J-eaving. rn the disprace-

nent d.eveloprnent the substanceE to be separated a¡e ffrst adsorbed.

on the coLum antl then they are dÍspl.acetL by passing through the

coLum the solution of a substance ¡¡Ìrtch gets adsorbed. nore strongly.

Martin anct Syoge (fg+f) nade use of the partitíon coefficÍent

of solutes to separate then fron solvent A into solvent B, a andl

::ì
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B being ir¡miscible.

Consden, Gord.on and. lfiartin (fg44) ehowed. tt¡at fÍlter paper

sheets anrl strips could also be used as a support for the stat-

ionaqy phase in partition chronatograplqr. Fr¡rther refj¡enents

addeit rrere, (a) fnpreenåtion of the paper ¡r-ith a variety of

sorlpants; (t) a¡rA the developnent of chron¿togran by rarLial,

ascenùing, desceadilrg or t¡¡o d.ÍnensionaL (enpfoyins the sane

solvent or t¡ro d.iffere¡rt sol.vents) tecluuigues.

Eræm0cFoMAT0GRAPEr

Th:is technique nakes use of the differentiaL nigration of

solutes ín an erectrÍc flel-d.. strain (tg=g) descr{.bed a eonbÍ¡a-

tfon of chronatograptqr and electro¡rtroresls usJ-ng two eLectrod.es

inserted ín a col,r;m (a1unína, glasswool, asbestos fibre or

glass powd.er etc.).

l4artin anct S¡æge (tg+¡) used a silfca geI for the selnration

of pepticles. 0ther ty¡res of gels ("eo and. starch) are enproyecl

for the separatíon of proteins. I'Iieland a¡rd Físcher(194s) were

the first to separate ¡mino aeid.s anct peptides on a paper strip
nofstened. with a buffer.

Ëaugaartt and lkoner (rgæ) used. sirnrltaneous deveropnent

with a solvent and. electrophoretic separation. This process

is lsro¡rn as conti.Duous electrocbromatograplgir or electrophoretic

separation.

j::t:1,:
ì : ..:: .: !:
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ION ENCHANGE CI{ROII{ÆTOER.æHr

the phenonenon of ion erchenere was first notíced and systen-

atical.ly stu¿.ied. in soiL by Tay (fglO). But ¡rith one exceptlon ,

howèver, ni¡erals are of no practical. value. Conpound.s resenbl-

Í:rg zeoJ.íte ¡yere suecessfully procluced. by Gans l¡ l9O?.

In 1934 CyosfielcL, Jos and Sons l,td.., (nrit, 4|iirr 374)

produced suLfoåated, coal with ion exeharge properties. Adaüs

and Eolnes (tgl¡) showed that the products of condensation of

pory\ydric phenoLs rrith fo:nnalcl.ehycte co¡ld be ehargect ¡yith cations

including Et - ions and. these cations coulcr then erchange nith
those in a solution. Following this logic they prottuced anÍon

excharrgÈng resins from polyamines. rn the succeed.ing years sJm-

thetie resins were inproved. consitterabLy iu stnrctr.¡re, stabilily
variet¡r of exchar'€e groìrps (sulfouÍc, carboxyl, hy<rroryl groups)

and the total capacity of exchang€ groups. DrAJ.elio in 1940

4nnounced. the preparation of a eross-Linked. polyst¡rrene resÍn.

In 1949 Cassitly conceived and. erecutetl the idea that it
shouLd. be possfble to produce pol¡mers having groups capabJ.e of

rg-iersibly exchang.ing electrons with nclecules or ions of the

surround.jng solution" llhese redox resins have been used for
oxid.ations and reductions.

GutlrrÍe (lg¡z) describect rqethod.s whereby both cati.on and

anion excbange groups could be i,ntroduced. into celruLose in the

fo¡m of cotton. 0f tbe several substitutecl. celluLoses, DietSr-
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lanJ:roetbyl cellulose (DEAE celluLose) nas been vriclely ræe¿ in

the ptrrificatÍon of enz¡mes (Peterson and Sober, 1956).

Cohm ahronatggraphv of proteíns

Chromatogra$ry Ís based. on the d.ifferential- nigration of

solutes between two phases. fue of the phases Ís flxecl and

nonnobÍIe a¡rtt the other nobiLe. llhe nigration is effeeted þ
the flow of tÏ¡e nobiLe phase whiLe the cllfferentiation ís d.eter-

nined. by the seLective and reversíb1e dtstribution of üre solutes

bet¡reen the two phases. ftre latter aay be solid-liqreid, solicl-

gas, liquÍcl-liquid or liquid-gas. Each phase nay be conposed

of one or more constituents. tlhe fixed. phase nay be a sheet

or a corr¡nn or one of the posslbl.e peruutations ar¡d. conbir¡atLons

of the two. ftre nethod of l¡a¡rdLj$g the nobile, soluble phàse is

referred. to as the deveLopnent of a chronatogran. a chronatogan

includ.es the whole experinent together rrlth the gra¡ihic represen-

tation of the results. Stre quantity of the J.igrrld phase heJ.d.

within the colrrwr ie referred to as the cleatt volune. Co1um

chromatogratrùr¡r alone wÍlL be dealt with here, in which the fixed.

phase is a solid ion exchan€er

Ion exchangprs are lnsoluble, high po1¡mer skeletons capable

of reversibly exchanging larg€ number of LonÍzable groups, The

Labile g?oups, ttepending on their charge, folm salts with anions

(í.e. positively chargect hence anion exchangers) or cations (catíon



16

exchangers)" The kinetics of ion exchange of proteÍns is

a conplex process and the analyses of the chronatographic

separation of proteÍns are fewn Chronatography has been the

subject of the monographs of Calnran and Kressman (tgSl),

T,ederer and Lederer (tg|l)u Lederer (tgçg), Cassid¡r (rg¡r) ana

osbom (rg¡¡)"

The value of ion exchange chromatography¡ âs a technj-que

of resolving complex proteín nixtures, lies to a 1arge extent,

in its flexibility. ltre nature of the phasesu the method. of

developnent and. the pþsical characteristics are all capable

of several variations" (fable ïY),

Developnent

Chromatography is started with a homogeneous ion exchanger

i:r equilibrium with a buffer of a particular ionic strength at

a specifie pH" This buffer is the starting buffer, For the

development of such a col¡.mn there are three possibilities:

(f) to develop the chronatogran w:ith the sane buffer with

which the colum. is at equilibríun" This proceedure

is iarown as the starting buffer development" Hirs

(l}ll) used this technique in resolvíng turo different

samples of crystalline chynotrypsi:rogen on Anberlite

XE-64" The nethod. has been applíed only to a few

proteÍns (see lioore a¡d Stein, 1956g Boardnan and.



TABLE IV. Va^riables Ía Protej-a Chronatograpþ*

* (After Bonran 1.96I)
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Variable .[lternaüives

SoLfct phase:

Ánlon exclungÞrs

CatÍon exclungers

resin
or

ceLLulose

Techn:iques of
d.eveLopnent:

Starting-buffer (constant agent)
Gratlient (continuorrs c]range)

Step+r:ise (aifferent agents)

f¿quid phase:

.Anion or catfon buffers

fH and ionÍe strength
Orgapic solvents, pol¡m.ers

(carnier or dísp1açing agents)

Ratío of columr

Ioatt (substa¡rce
ad.sorbent)

Flovr rate
ScaIe

(¿ta¡neter/rength)

applíedr/anor¡nt of
Ðinension factorsl
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Partrídge, Jg55), It is very sensitive to changes

rrr pil arrd ionj-c strength and causes large ùilutions"

Boman and. I¡lestlund (1956) used. Dowez-Z fot the puri-

ficatíon of horse radish peroxid.asen

(2) Cratient development:- The composítion of the d.evelotr>

ing agerit is gradually changed fron that of the start-

ing buffer to a solution of higher ionie strength

resulting jn a continuous alteration of conditions

effecti¡g the equÍlÍbrÍr.m. To this end. a buffer of

higher eluting porrer is mixed.u in gradually increasi-:rg

amounts, w-ÍUr the starting buffer in a ni-xÍng chanberu

before it is alLor.¡ed to flow through the colunn"

T,akshmanan and. Lieberma¡ (f95¡) and Drake (f95¡) irroe

reuiewed. the theoretical and. the practical aspects of

th:is problen"

(7) Stepwise development;- This consists of d.evelopment

mith a buffer other than the one used. for equilibra-

tÍon of the coh¡rn by means of changes in the ionic

strength or pE" Boman and hiestlun¿ (føO) studied.

the behaviour of serurn albumen on Dowex-2 by this

method.o

For the coll-ection of the effluentu several t¡res of

fraction col-lectors &re available" Tkris is essen-

tially a turntable carrying tubes a¡ound its periphery,
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It changes the.posftion of the receíytng tubes by a

sligbt rotation at a specific intenral, Ihe move-

nent of the fraction collector fs controlled by a

specific time l¡tenraL, vo}¡ne/weight of the efflu-

ent or by ttrop oourtÍng.

lhe choice of the líqufd phase is based. on (a) tire

nature of the ion exchanger and the effects of efflu-
ent on the ion exchanger¡ (b) the sensitiuity of the

protein to be chronatographed., æd. the interaction

betweeür the solute-solvent; (c) the interference or

othe¡¡uise of the eLr¡ant with the +nelytical nethods to

be enployed. subsequently andt (¿) tfr" eluting power of

tbe phase (CassÍdy Ig57¡ lfl¡eaton and Bar¡nen I95J;¡

Bonarr and. I{estLund. 1956).

ûlnensionsl factorg

the choice of the dlnentional. factors can only be nacte by

tnial and error and. varíes !úitb the node of d.everopnent emproyed.

gfrs (1955), witfr startj-ng br¡ffer technique, used a ratio of

I:60. In generaL, especially vnith stepwise d.eveLopnent, a ratio

of 1:20 can be ESêd. 0n aacount of the sensitíuÍty of the

proteÍns (an erceptÍon beÍng ribonucrease which can be cbronato-

graphed at room tenperature) ftow rate should. be as high as pos-

sible mithout the separation being effected.. In the prelinina:¡r

t.'.

i:,::{!:i:i
l::'", ¡

l:..!
i.' ì.
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experiments a nirulmum load should. be used. on the colu¡r¡ for a

better resolution of the proteins" Subsequently the load.

should. be varÍed. to aehj-eve optimun resol-ution,
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CHÀHTER III

MATMLIIS AI{Ð S{ETEODS

U.{Zn{E PREPARATIO{

Potatoes (var. NorLanctx) ¡rere used as a source of acÍtl

phosphatase, R¡rification was caried. out accorrting to the

nethod. of Ne¡rnark and tr'Ienger (fgeO) up to step IV, with the

f ollow5ng nodifications :

(") fCfq was includetl. in the extracting buffer

(conc. L x lo¿ ¡r) to prevent broming reaction

brouglat about by the activity of po3.¡rphenoL oxi-

d.ase;

(¡) nOf¿ ¡ras onitted fron the iuitial extracting nix-

ture. $ractlon III (Newmark and. T[eager, 196O) ¡ras

èialysetl ovenright against forty volunes of acetate

buffer O.O2 M, ñ 5.5. The turbitlity d.evelopetl was

removed. by centrifugation. fhe cLea¡ supennatant

solution was stored at -10o. AI1 centrÍfugations

were carríed. out i.n a refrfgêratett Senrall eentrd.-

fuge at OoC and. 2OTOOO x g for tO u¡inutes, and, all
other operatíons were conducted. in a cold room at

temperatnres beLow 5oC.

SIßS1RATES

Ad.enosine triphosphate, Adenosiae tlipbosphate, Adenosine

i-..

2t
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nonophosphate, Ribose-5-pùrosphøte, Glucose- 6-phosphate 1 Glucose-

l-phosphate, Fnrctose-6-phosphate, Fmctose-I, 6-tliphosphate,

Oalactose-6-phosphat e , 5 ,D(-) phosphoglycerate, 1 ,5-Propanetliol

phosphate, p-{'Iitrophenyl phosphate were used to stutly the acid

pbosphatase actirrlty. The pE of the solutions (O.O2It{) was

adjusted to ?.0. Dísoctir¡m phenyl phosphate 0.1 l{, !E 5,5r ¡ras

used. for the sürdy of kinetics.

PRTTETN ÐEIER.IUINAII OìTS

Protein content of the enzrue sâmI'lesr in the initiaL prepara-

tions, lras measured by nicrokjeJ.dahl estination of totaL nítrogen.

In the latter stages, i.n the absence of coloured phenolic corþ

pouncls, spectrophotometric cleteruj:rations (EZæ/Z*J ¡rere nad.e.

PEOSPIIATE DETÏRi{INATI CNS

a,
Inorganic phosphates LÍberated were deterninecl by an adfuta-

tion of the Fiske-Subbaråf netirod (ltayepod, 1948) þ neasurJng t1

the optical clensities of phosphornolybtiate compler reduced by ascor-

bic acitL at 65Q n¡r tn a Colenan uriversal spectroþhotometer

Motlel 14.

ASSAY

A rapicl spectrophotonetric assay based on an increase j-n

optical density, as phenol was liberatetl fron phenyl phosphate,

!..:.:r
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?ras used (figure f). flris nethod was suggestecl. by Brawerman

X and charégaff r(tglÐ. The assay systen for the acitl phospba-

tase contai¡erl: Sotlíun acetate br¡ffer 0.]- M, pH 5.5, 2.5 mJ .,

disocliun phenyl phosphate 0.1 $, fi 5.2t 0.01-.0.02 n1 enzSrne

O.O5 nl in a total vo}-¡me of 3,0 nl. the increase i¡ the

optical. tlensity at 27O mp sas follorvecl i¡ siLica cuvettes of

)< L0 nn lisbt p"tr, *îllr Hirger åfr"r"" spectrophotoneter/.

[he assay system for other substrates consísted. of 1-4 ¡n.

of the substrate, Sodirrm acetate buffer 0.1 M, pË 5.5r 1.0 ü.1

and enz¡rne 0.2-{j..4 n"t ín a totaL volune of 2.0 ml. The reac-

¡iea rnixtrrre was incubated. for 1O ni-nutes at roon tenperature

foIlowÍug whj.eh inorganÍc phosphate was detenrjned..

ENUTME T]I{TTS

"4. unit of enz¡me activity is definetl as the amor¡nt needed.

to cause an increase of 0.01- Ín optical d.ensity at 27O qI or

release of 1,0 Ug of inorganic phos¡ihate in 1O minutes at room

temperature.

cmouAToGn4PHr

Dietlqrlarni uoetlryJ. celluIose coLr¡ms Îrere prepared aeeord-

ing to the nethod. of Bonan (tgçl). îhe developnent was carîried.

out usÍng one step elution.

',.rr...¡ i. j-. . .l: j:.:
j-:. -.:' ,t. -::'

!,..-. .. . .-.." :,'. .;
l. r:r 1-r 1. i:: : i-r:.:::i;-r:

l:jr.ì:u..:trIi t-i



FIGï]BE 1. Spectra of phenyl phosphate antl Ìrycirolysate.

3 pnole of phenylphosphate, 2l r:rrits of enz¡rue, 25O Unole
acetate buffer pffi 5.5

.-.-.- phenyl phosphate fO-] f,f

... ,.. phenol 10-l M

-x-ï-x- hyctrolysate ld/ U

..:-.,:
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CIIAPTM, TV

EXPERTI{EITTAI, RESUTTS

PURIFICA$IOV

NorLantl potatoes were peeLetl ar¡d honogenízetl rrith one

volune of O.02 DI acetate buffer, pH 5.2 contaiuÍng 0.01 ¡[

I$N in a I'faring bLend.or for 5 ruinutes at 5oC, â.1I operations

were perfomed. at this temperature. The honogenate was

squeezed through four layers of cheese cloth to renove the

eelL tiebrÍs and centri-firged at 5r50o x g for 5 mi¡utes. fthe

precípitate containing starch antl celI clebris was ùiseard.ed..

The pE of the supernatant solution was ad.Ju,sted to 5.0 anct the

precipitate centrifuged. off. 1[tre supernatant so]-ution ruas

broWht to 0.45 saturation with the gradual addition of solid

(iUiU)rSOn and al.lovetl to stand. for two hours with sLor stírring.

flhe precipitate lras re¡noved. by centriftrgation arrd díscarded..

fhe supe:natant l'lae broughtto0.65 saturation wi.tb nore solld

(UUU)'SO* and allo¡¡ett to stantt ove:rrigtrt. The precipitate was

taken up j.n O.O2 I,1 acetate buffer, pE 5.2, and. dialysedl overnight

agaS-nst forty volumes of the same buffer. The contents of the

cliaþsis ba6 were recentrifugecl to remove any Ínsoluble protelns

present. The supe:matant ¡ras cleep broun i¡ color¡r tlue to tlre

Bresence of polyphenol oxidases. A pert of the enzpe was treated.

)'.. -:):

l].'..:.::: 
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llrÍth Darko È60 (activated. charcoaL¡ 2j ng per nI enzyne) to

remove the excess of pignent d.eveloped. This step ia Ítself

Lead. to a considerable clegree of purificatfon (tatfe V).

FRACTIü{ATICAI ST DEAE CEI,LUIOSE COLIIMN

Preparation of the coLuwr¿ 5 g of DiethylemÍnesf,hJ¡f cel1u-

Lose was mixed. with 2@ to 5oo nl of the buffer, p85.2, anð,

stimetl for fifteen mlnutes. fÌ¡e nixture ¡ras centrifuged ar¡d

the supernata¡rt liqrrid tliscarrled.. TÌle celluLose was again

stirreal with the buffer for 15 nÍnutes and centrifuged., fhis

step was repeated. at least sÍ-r tines antl the cellulose Left

ovenrÍght i:r approxinately 4OO nl of the lnrffer. A colr¡m

(2.5 * 18 en) ¡eas fÍlled with the buffer and a pati of glass

wool was j-nsertecl luto it. f'be slurr¡r of celluIose-buffer was

slowly pouretl from tbe top as the buffer rrrw out below. As

soon as all the ion exchanger hacl been transfelred, a flask

contai-ning the startfng buffer wafr connectetl at the co}.mn,

which was packeil r¡nd.er gentle pressure.

Pressure unit

ftre pressure on the eolu"rn was naÍntainetl by conpressing

the air on top of the resewoir containing the tieveloping buf-

fer (Figr¡re 2), A Mariotte bottle I'Art containing about 12

liüres of water was set up about two feet hÍgh fron the table

I .,1 
':

l::.ri.:



Fraction

Cnrd.e Jníce

AnmonÍun Sul-
phate

e-60
Treated

DEAE

Cellu].ose

TA3ï,8 V. Purlfication of nnzJn¡¡e.

Voh¡ne

1000 n1

2æ

50

2

Total
ProteÍn

10r500

Lr000

45

r.56

,É Peak I aLone was neasured..
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top and eonnected to bottle rrBrr or the table. Bottle trBn has

an inlet from mAn and an outlet leatiÍng to tlre rese¡Ísoir. As

water fLows from rrA'r to trB'r r¡nd.er the force of gravÍty the air

iJr trBil is conpressed whlch transfers the pressure tb¡otæh the

br:ffer in the rese:rroir, to the columo.

STEPWTSE ÐE\TEIôPME\ÏT

frrzyne solution fron the prevlous step containi.rog 5O ug

proteín was aalsorbed. on the colr:.m. The coltm was washed

with tbe starting buffer usi¡g one dead volune l¡r order to ensurt

a proper adsorption sf the proteia. Development was startetl

lrÍth 0.1 M aeetate buffer (pH 5.2) uncler pressurer Fractions

were collectetl at inte¡:val-s of fÍve and tsn ninutes. Tlre

vo}¡ne of each fractLon was 2 to I n]. or 4 to 5 nI. ïn the

prelininary rr¡ns about a huntlred. fractions were collectedr and

theÍr protein content dete:mined. No measurable proteia was

present af,ter the 6Oth fraction, In the subsequent experi-

¡nents therefore only the first sixty fractÍons were colLected.

Two nethocls were enpJ-oyed. for the collection of fractions.

Íbe first one T¡ùa,s based on drop cor:nting and the other on tine

inter¡raI. In the later experiments, however, fractions were

coLLected on a time basis (tr.iepre 3)' l:::::t.i ! "
l':-:::'r'.-



ffiGru,RE ,. Chromotography on DEå3 cellu].ose.

Stepni-se development. Br¡ffer acetate 0.1 M ÞtI 5.5"
.-e-.-.- phosphatase activÍty
......'. protein content.
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REGEIERATICN CF' lHE OOfi]!'IN

After each ilm the ion exchanger was lrasthetl with a stror\g

e1uânt to get rid of the fimly adsorbed. solutes. .After a

thorough washing wlth one or several eh¡ents the ion exchenger

was a6ain equiJ.Íbrated with a desired br¡ffer. fhe wasbÍng was

tlone !gg!s or the colunn was disusntletl and the cellulose re-

generated. fhe f-on exchanger ÌÍas regenerated by passing 0.1 ¡{

Na0E (about trvice the dead. volr¡ne) through the colr¡mr. IÍith

elutfon the cellulose turns a clear white colour. Pignents

(ff any) present 1n the adsorbed solute can be seen to nove ia

a zoue along wlth the starting buffer (acetate O.O2 I{, pE 5.2)

by continuous flow of the buffer through the colnnn r¡ntíL the

outflow attaj¡etL the sa¡re pH as the i^aflo¡r. In practice tbis

procedure ¡ras found to be time consr.¡nfng (espeeia1ly when the

colum¡s packed. r¡nder pressnre) and il the later erperine ts the

co1t¡m was disnantlecl, regenerated. and the slu:ry was then

poured. into a coIum. If a co}¡m was not requiretl innetliatel.yt

the ion exclunger was alxied and. stored. in a sufficient quan:

tity of the buffer. Sefore use, the colums ¡rere checked. for

fungpl contsminents.

SPMTFICITT

lbe acid phosphatase from potato is nonspecífic (ru¡fe Vl),

All the substrates, as, shor*n in this table were hytlrolysetl at

i..::'



Tâ3LE VI. Substrate Specificity of AcicL Phosphatase

.i:"]
-,': ]
:.-:

The systen for the assay consisted of 200 ¡noles of sotliun
acetate buffer pE 5.5¡ substrate 10 ¡.mo1es, G-60 treaterl
enz¡me 10 units f.a a total volune of 2.0 nl. Incubation
peniott 1O ninutes. Proteinr¡ ¡vas d.enatured w:ith I.O wI, zYl
cold trichloraeetic acÍd and f-uorganic phosphate tletemined.
on aliquots.

,2

Substrate ¡unoLe

Glucose-l-phosphate 10

Glucose-6-phosphate 10

Frr¡ctose-6-phosphate 1.0

Fnrctose-1-6-cliphosphate 10

Ribose-5-phosphate 10

Galactose-6-phosphate 10

Ad.enosine-!-diphosphate l-O

Ad.enosíne-l-nonophosphate 1O

Adenosine-5-tniphosphate 10

,5-propanetliol phosphate 10

5 Ð(-) phosBhoglycerate 1O

Pi liberatetl
per cent

5,8

20.,

L7.6

5L.2

to.5

,,o

to.o

18"1

44.9

40.8

58.'
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varying rates und.er the experj-mental cond:ltions (IO minutes

incubationu JOoC u þE 5.5)" The naximat rate of þdrolysís

of phenyl phosphate occured at a substrate concentration of

J"0 ¡rnoles lflith 21 r¡nits of the errzyme (nieure 4)" At

higher coneentrationsu the substrate was i-:rhibitory to the

enzJmreo The }tichaelis-IIenten constant (f*) calcuJ-ated fron a

I*ineweaver-Burk plot (Figure 5) of the data is 11"1 x 1O-4 M"

The rate of hydrolysis hras d:irectly proportional to the enz¡roe

concentration (Figure 6), The \ydrolysis of phenyl phosphateu

followed. spectrophotometrieally, r'ras verified. with the method

of detenn:i:ration of inorganic phosphate (\,Iaygood 1950)n Und.er

the condítíons IOúÁ hydrolysis occured in 25 mÍnutes (¡'ieure ?)"

TET,IPERAIIINE EF'FET T

The potato phosphatase is sinÍlar to other phosphatases in

theruostabilÍty, 3. dialysed ¡mmorrium sulphate fraction of the

phosphatase was heated. in a waterbath at 5OoC for one hour"

Aliquots of 2"0 nl were withdral,rn at l-O minute interuals" lhe

denatured protein was centrifuged off" No loss of activity rvas

foirnd" 0n the contra:ry the activity of the enzyue ¡ras enha¡ced.

by approrimef,sly 120 percent on heating for twenty m:inutes" This

activation d.ecreased on heating further (from 2O to 60 minutes)u

although it showed a h:igher activity than the control (pieure g).
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FIGIIRE 4r S¡bstrate Concentration.

20 units enøytner 25O pnol-es of acetate buffer pH 5.5. Increasing
concentrations of substrate Ín r.O nL

À = O.5 pnoles B = 1.0 lnoles
E = 2.j ¡mo1es F = 5.0 pnoles

C = I.5 ¡no1es [ = 2.0 pnoles
G = 3.5 ¡r noles E = 4.O ¡rnoles
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FIGIIRE 5* Michaelis-Ienten Constant.
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FIG{IRE 6e fuø¡rne Concentration.
1-, ''. t'.t'i' ,11,.¡

1.O ¡.moles phepyl phosphate t 25O Unoles acetate brrffer pH 5¡5r : j

and enzJmg ,', ., .,,. .

A = .05 rf (¡ units). B = O.1 mI C = o.2 nL ,,. ''':¡,1, ,

D = Oo5 nI E = O.4 nI, iJr a total volune of ,.0 nl. :



:.:,:;niii.r:ì

,6

E
¿----

D

c
a

o.70

o.40

o.30

o.oo

=E

o
F-
(\J

ì. +-'': c'

c;
o

Time ( mins.ì



FIGURE 7. line x HYdroIYsís
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FIGURE 8. Effect of

A = Control

llenperaùrre.

C = Heated for 4O ninutes
3 = Heatecl for 6O ninutes.

-;P,= Eeatetl for 20 mÍ"nutes,

ì<
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DH OPTNflIM

The activity of the acid ¡ihosphatase was dete¡ninett using

O.1 U soðium acetate buffer over a pH range 4.O to'1.O. fhe

rate of ]oydrolysis was followetl spectrophotonetrÍcally. llre

pH opti-uun of the acitl phosphatase activity i-s 5.5. lhere is

a sharp i¡crease in the activity on the aeid. sid.e, decreasing

more slowly betweea 6.0 to ?.0 (fieure 9).

EFFtrT OF' ICAIS

tlre effects of various íons were stuclied. to nerify if the

acitl phospbatese fron potato would. behave in conforrl,W lrith

other ¡ihospbatases r€ported Ín the llterature. flhe ions were

addetl to tlre systen and the rate of reaction follo¡recl without

arry preincubation. llhe final concentratíon of the ion ¡ras

ro4 u j.n 3.0 nL total voru.ue.

Ferric ion (as a chlor{-de), actÍvated the enzJme J:8.6y'o

over the control-. Itlanganous ion hacl a siniler effect (+t4.M)

whereas Zjnc and. Magnesiun were intribltozy (eø.44 a¡ri- 4.L%

respective\r). $i.mr ]¿¡'fy Copper antl. l{ercurXr (Uottr acLd.ed as

chlori.des) were ÍnÏribitoryr and d.ecreased the aetívity to 74.6%

and. ].:B.V6 respectively, of the controt (fa¡le UII).

As sho¡ün in llable VII, oralate (Sodiun > lnmonium) activated

the enz¡me 20 - \Vl over the controL. Soclir¡n azíde i¡creased

the activity by TVfr. Tartarate a¡rit Fonnate sinilarly increased

iirr:rt,i,-,.' :'

Í;:r:: .:,:.
ll:j:::ii:i
ti.i..: t:l



4A

the actÍvlty 13 - L4%. fJhereas EmA inhibited the enz¡me

up to ¡4rt,T1æ phosphatase was inhibítecl (l+û by Arsenate.

tr'luoríd.e (as Potassir¡n salt) activatett the initial activity

slightly over the controL, yet after two ninutes the rate of

reaetion d.ecreased. (e% int:u,u¡tion). The phosphatase ection

was conpLetely inhibi.tett by Molybdate.



FIGIIRE 9. Effect of BE.
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T43LE IÆI. Effect of ions on the acid phospha-
tase.

:..:i
: ,.':li

Rate of reaction was folLovüetl without preincubatioa. Reaction
nÍxtr¡re containetl¿ 25O pnoles of Sodir¡n aeetate buffer, 5 Unole
Phenyl pürosphate ancl 21 units enzJme, O.7 ¡rrrole of the lon in a
,.0 n1 voluneo

42

'' '-.:l
'. ..-i

Ion Concentratío¡r

-^10'M
-L10'M

% tettv:¿ty

(n") r49.2

r5o.6

L21.9

118.6

LT4.5

1r4.O

LT'.2

94.9

95.2

84.1

77.6

74.6

64.5

19.1

0

AzÍde

Oxalate (m'.)

Ferric chloz{-cte

Ùianganous chloritle

[artarate (soa.)

Fo¡mate (so¿,)

I'luorÍcle

EDIA

ZÍnc chlorÍde

Itlagnesiun ehloride

Cuprie chloride

Årser¡ate (so¿,)

Mercuric chloride

Molybdate (soa.)

ro4 u
-L10

1o-4

t4

M

M

1{

l,i

M

M

u

M

M

Il'I

¡{

10-4

10-4

10*4

1o-4

Lo-4

1o-4

Lo-4

-^10

-t10

-L10



CEAPTER V

DISCUSSION

Several acid. phosphatases have been isolated. fron the

higher plants, l,lhile the phosphatases are present generally

i-n all tissues, rapid.ly grow"Íng tissues fo:m a rÍch sourceo

All organs of the h-igher plants have been source naterj-a1 for

the preparation of phosphatases" Roche (fglO) suggested

seeds a¡rd tubers as preferred sources of phosphomonoesterasese

tJæe 11" Axel,rod. (fg+Z) extracted a phosphatase from citnrs

fnrits, Spinach leaves were the source material for a phos-

phatase (Borough 1954ç Chalsavorty et aI L959)" Shuster and.

Kaplan (tgçl) extracted B-nucleotidase fron gernrinating barley

and rye grass leaves" lfheat leaves were used. by Roberts

(tgça, 1957)" Krishnar¡ (rg+g a,b,) prepared an apyrase fron

potato tubers" Naganna et al (fg¡f) extracted ¡ùrosphatases

from potato tubers" The experimental results reported herein

are based. on an acid. phosphatase extracted fron potato tubers

whích rritl be referred to as the potato phosphatase" St¡eet

potato tubers were the source naterial for a phosphatase (lto

et a1 Lg5ù" Newmark and llenger (1960) extraeted e non

specific phosphatase from wh.ite lupine seedli:ngs" Pea seecls

were used. by turner a¡d Turner (fgeO), Joyce and Grisolia

47
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(fggO) purified a non specJ.fic phosphatase fron wheat gern.

lhe potato phosphetese closeJ-y resenbles the other phospho-

monsesterases, Ín lts propertíes. It has a ¡iE optím¡¡n at 5.5.

Phosphomonoesterases 11 have an optiurxr in the range 5.0 to 6.0.

turner antl lurner (fgOO) reported a glucose nonopbosphatase fro¡n

pea seeds witb. pE optÍmm bet¡seen 5.4 anÅ.5.'1. tlhe optinun pil

for a nonspecifÍc aciit phosphetase from wheat ge:ß (.loyce and

GrC-solia 1960) was found to be pH 5.8. [Iee lupine seedli'g

phosphatase (Newmara and ïIenger L96O) hes an optinwo range be-

tween 5.2 and.5.5. Sinilar optirna have been reported. for phos-

phatases fron spinach leaf (Borougb L954) and citnrs juiee

(¿xelro¿ Ig41). Roberts (rg¡ea) suggested that the rcheat leaf

phosphatase ertracted by hin rith an optinum ñ 5.7 ¡rêsr & mixtr:¡e

of severel trùrosphatases. Chalravorþ et af (føg) described an

acitLic C-J. Dlphosphatase active between pt 5.O and 6.0. L 3r-

nucleotidase from rye grass (Shuster andl Kaplan f955) has a broad

:range fron pE 6.0 to 9.Q. Toward more acidfc side (pU +.1) it
shorvs Lo@o actívaty with KN and. Glutathione both of which nornally

inhibÍt the enz¡me.

The potato phosþhatase hytlrol-ysett at different rates all the

substrates testetl (tatte trt). This nonspecÍficity is general

anong the phosphononoesterases. the lupine seettling phosphatase

(Nerooart and wenger 1960) l¡ydrolysed. hexose phosphates, nucreotideE

and pol¡mucLeotides.

i'¡. i:ç
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Rrrifiect preparation of phosphatase from s¡reet potato,

accorctÍag to lto et aL (fgl¡) hyctrolysett not only phosþhonono-

esterases but also p¡rrophospbates. Sewnark anil ÏÍenger (fgøO)

and..Axelrod (194?) also reported p¡nrophosphatase activ:ity wÍth

theír phosphononoesterases. Roche (fg¡O) suggeeted. that

phosphononoesterases and py-ophosBhataees of sinfLar pH optina

antl other physical characteristics are found together in tissues

and, that often pyrotrihosphatases ere natural contarntnents of

phosphatase preparations. He suggested. further that adsorption

and thernaL i¡activation nay be to separate the two actÍvitÍes.

lhe potato phosphatase Ís si¡nil.a¡ to other phosplrononoester-

ases in íts capaeity to withstand. heating at nod.erate tenperatures.

Heated. at 5OoC for one hor¡r the eîzytme did. not lose any activit¡r.

Ne¡rnark and tfenger (rgeo) reported that their lupine phosphatase

retaÍned. WÁ of the origÍnaI activity rchen it was heatea at 77oc

for t¡ro hours or for one hour at SOoC whil.e rapítt1y being l¡acti-
vated at 6OoC. Sinilar resuLts were reporteci by Roberts (fg¡Z)

(ga¡te III). Tlrer:maL inactivation of extraneous proteins was

one of the steps of pr:rification ueed in the preparation of acÍtt

phosphatases (Nevrmark ancl lüenger 196O).

Phospbononoesterases 11 a¡e not activated. by Ug# ions

(RocUe 1950). This hoLds tnre in the case of the potato phospba-
utase. Iulg'' was i¡effective on the rate of hydrol.ysis of glucose

ìi:iì:::: rti
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nonophosphates b¡' a phosphatase fron pea seeds (t*uner antl

lurner 1960). I{g# has generally either no effect or is only

s}ightly stiutrlatory (noberts I956i Joyce and Grisolía 196o;

I{e¡rnark anit Wenger 1960), However these experiments show in

the case of the potato phospbatase, there appears to be a slíght

inhibition by rna¿nesium.

Ivlanganese was slÍghtly stinuJ-atory in its effect on the

potato phosphatase. Joyce antl Grisoffa (fgOO) also reportecl sr¡ch

an effect of lh# on theír wheat ge:m phosphatase.

In the present investigation 26% fuhibition of tbe potato

phosphatase was notetl in the presence of Zf (f r fO4 ßI. Table

VII). For the lupine seedtling phosphatase ttre Ínhibition values

reported by Nemark antt ttenger (fgeO) are 83% arñ. 45% at levels

of 1 x rO-5 u ancl 1 x lO4 M restrectÍ-vely.

ffhe potato phosphatase was lnhibited. up to 3616 UV copper

(r * ro4 !i. Table vII). J6¡,ce and Gr{.soria (rgeo) recorded. T5%

i¡Ï¡ibition by cu# (L.z x rf2 u). of the activity of a nouspecific

phospbatase fron wheat germ. Newmark antl Wenger (fgeO) obse:rred.

approxirnately g& snd TVl inhibition of lupi^ne seedling phos-

phatase fur the presence of Cu# at concentrations of lx fO-, l¿

and L x 1O-4 M respectively.

MercurSr caused. an lnhibitÍon of approxinatel¡ B& in the

preseat ¡'york with the potato phosphatase (TabLe InI). lu:m.er and.

rn:nei (rg0o) obserred an i¡hibitíon of about 7Ø" of the pea seecr
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phosphatase activity by Eg+ rrith both glucose-r-phosphate and

glucose-6-phosphate as substrates. flhe hyttroJ.ysis of j-
phosBhoglycerate, 2-phosphogJ.ycerate anè 2r3-diphosphogrycerate

by a nonspecific phosphatase, obtained. fron wheat germ, rras

totaLly rnhìbitecl by Eg+ (.royce and Grisolia ]960),

In the present work with the potato phosphatasé EÐTA has

show¡r a slight inhibítion ( r4/" Table rrrl), fu¡ contradictlon to

the reported proteetive actíon on the rupine seedli'g phoepha-

tase (Ne¡¡mark and. lJenger 1960).

Oxalate activated the potato phosphatase (natte rÆI). In
this it d:iffers fron Rochers claim th¿t oxarate inh-ibits the

phostrihononoeEterases 11.

sfunilarIy azíd.erforrate and. tartarate stieulated the potato

phosphatase activitv ßvÁ, L7% and L4% respectiveþ). Tartarate

was sugg€sted. to be phosphatase inhíbitory (oetory anct - Eether.fng-

ton 1961).

Fluorid.e was intribitory to the potato phosphatase to about

l% (raarc WI), at a concentration of L x IO4 ¡t. This confo:ms

¡uith Roche( rg¡O).

The potato phosphatase was conpJ.etely inhibited. by nolyb-

date (1 x lo4 M, Tab1e rEI), tu:ner and Turner (rgeo) repor.üed

Í¡Ìribition of their pea seed phosphatase by nolybdate. Boberts

(rg¡o) denonstrated notybdate inhibition (eo - \vl of activity)

of wheat leaf phosphatase.
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Thus in general. behavior¡¡ towartls the inhibitore of phospho-

monsesterase Llr the potato phosphatase reacts as a typicaL acid.

phosphatase.

One of the i¡terestÍlg featr¡res tb¿t cane to J.ight when th:is

phosphatase was subjectett to heating at 5OoC ¡cas that ttuls enzyne

is heat activatetl. Ïlhen hel-d at SOoC for 20 minutes this enzJn¡ê

has sho¡nr an increase of 2Vñ activíty over the control. On

fi¡¡ther heating ¡uhile there lras a d.ecrease ln activíty the treated

enzJme was slightly nore active than the control even after on€

hour. No explanatfon or sinilar results rüere reported in the Li-

teratr¡re about the phosphomonoesterase.

,!,:ij.:Ì::i:r,ij

i r 1'.,' l
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