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EFREFACE

The work reported here feilvinte two parta:=~

an examination of seminal fluid for hydrolytic ace
tion on esters other than those of phosphoric aecid,
and,

the aetarminétion of the rates of hydrolysis of various

phogphate esters, with special referemnce o the hexose

phosphates, by human.semiﬁal fluld and red cell phos=

phatagess

Previous studies onm seminal f1luid phosphatase have
revealed that it showed a distincet preference for certain
substrates, the most marked being for phenyl phosphate.
Thig lead to considerations as to whether some additional
enzymes were present. Bxperinments were devised o detect
the presence of these enzymes. This aspect will be dealt

with in-Paxrt I.

Fhosphatases are widely distributed throughout

epmimal tissues, yet their physiological role is poorly un-
devstoods The hexoge phosphates are also widely distributed

throughout the body, and the possibility exists that they might
J b J g




gerve as natural aubstrataa for the phosphatasess
Mertland end Roblson {1927), postulated & mechsnism
for ossification involving;alkalin& bone phosphatage
end hexose phosphate esterse It was felt that the
8061d phosphetases might gimilarly have some meta~
bolie relationship with these substances. The
aotion of the acid phosphatases of seminal fluid

and rqd cells upon the hexose phosphataa is studied




I. THE HYQROLYTIO AGTION OF SEMINAT. FLUID ON ESTERS OTHER
THAN THOSE OF PHOSPHORIC AGID

1. Introduction

, Dhe phosphatage of seminal fluid shows a marked
prefaranse’fgr e@rtain substrateaipwer others, eege, phenyl
phasphéta_ia invariably hyﬁrolyzad to a iugh'greatar extent
then other phosphate esterse This could be due to,th@
bresence of a phenolase which hydrolyzed the phenolic link-
age rather than the phosphate linkage in the substrate.
This point‘dees not seem to have been investigated pre-
viously, indeed it was found that there was a geﬁeral
dearth of information on the behaviour of seminal fluid
taw&:&g,nenéphospheriaAeaﬁers. - |

Aocordingly it was decided to test this experi=-
mentally to determine if seminal fluid possessed any
rhenolase activitye It was also &aeiaaq to see if seminsl
fluid displayed any general hydrolytic activity towards
ethyl butyraete.




2. Fhemolase Aotivity

freliminary Observations

‘Eréviie& a phan@lase wag present, seminal fluid
would be expecteé to hyérolyae other ph@nyl esters begidesn
phenyl phosphatee Therefore if some other vhenyl ester
be substitute& as aubstrata, and evidence of its. cleavage
,ﬁemenaﬁxatea to a comparable extent to that ef pheﬁyl
phosphate, this would be px@ef that a phenelase wag rg=
gponsible for the pronounced hydrelysis af phenyl phosphate.

Mbtho&
(a) ?xinciple

Eha,mattmd'of Huggins amd Swith (1947) for the
estimation of phenglsulphatase activity was useds In this
method disodium phenyl phosphaete isfrepiaeed by the po- |
tgsaiamfsalt of para-nitrophenyl sulphate as sgbst;éte.

If a phenolase was present, it would liberate the p=nitio-
phenol from -p-nitrophenyl sulphate as well as the phenol
from phenyl phosphate since the enzyme would be working
on the phenal~inergani¢,aaid liﬁkag&.';Th@ p=nitrophenol
liberated was estimated colorimetricallye In meutral o

- 8cid solutions, p-nitrophencl is colourless, but in
alkaline medie pénitrcphenol develops a yellow colour

which ean be estimated quantitatively.




Rat liver homogenate, known %o conbain a
phenylsulphatase was used to check the validity of the
methode 7
| FP-nitrophenyl sulphate was not available come
mercially and hed to be prepared in the laborateryg‘ Be-
tailes of this preparation are given in the next subesec=
tione

{b) Preparetion of Potassium penitrophenyl sulphate

e

47 mi- of dimethyianiline wexé added to 50 ml.
of egrban.&iaﬁlpni&a in a 500 mle suﬁtioﬁ flagk, then
rlaced in an ice bath under the hoode 9+1 mle of chloro=
sulphonic acid were added dropwise, ard then 139 gme. of
pFnitraphanﬂl were added rapidlye The mixture waes stirred
féf one hour and then permitted to stana.ovexnignt. 100

mle of Oed M potassium hydroxide were added which brought

ahéu@ ﬁhe‘immediate formation df'bright yellow érystalss
kfter thorough stirring, the flask was placed on & water
bath at,abeut,aée Ge and most of the carbon diéulphiae
‘remeveé by evaporation in vacuo. Exeess,aimethylaniline
wes removed by centrifugation, amd the residusl yellow
nesg was dried in vacuo for twenty-four hourse The
crude product waS'xeorystallized four times from 80%

ethanole The dry compound was stored at 00 ¢, 4o

minianize desompositione




(¢) Reagents

0s5 N Acetate Buffey

‘ | V65g97 gm. sodium scetate were dissolved in dige~
tilled water, 170 mle glacisl scetic acid added and the
mixture diluted to 1L litree The pE was adjusted on the

pH meter to 580

,03005*% Potassium paranitrophenyl sulphate
001285 ga. potagsium pénitrophenyl sulphate was
dissolved in distilled water and made up to 100 mle

10 N NaoH

f*nitraphanal Stock Solution
' Penitrophenol {Bastwan Kodak) was recrystallized
twice from water, ami 100 ng.were dissolved in 100 mle

watere

Enzyme solutions

Seminsl Fluid 1:25 dilution-in water.

Rat Liver'Eomggénate = The liver was removed from

a freshly ssorificed white zat, weighed rapidly, aml them
hegogénizaé with five times its weight of ice water in a
Waring Blendor for 3 minutese The homogenste was»theﬁ
centrifuged for 10 minutes and the supernstant liguid

gollectede




(28) Procedure

Each determination was run in duplicate with

blankse & mle of buffer, 1 mle of enzyme SGlutien, and

g small eryetal of thymol (to inhibit bacterlal growth)

were added to a test tube, which was than allowad to
equllibraﬁe foxr 15 winutes in a constant temperature
',Qv&n,&ﬁﬂz?@ Go 1 mle of the substrate was t hen pipetted
inta,aaah of the experimentel tubese The tubes were then
shaken and 3tapperad» After ineubating for eighteen hours,
5 mle of l.@ N HeCH were added ta all tubese. This pH was
sufficiently alkaline to kill the enzyme activity. 1L |
mle of the substrate solution was then added to the hlamkg,
and the contents of the tubes were mixzed by inverting
several timess )
The solutions were read in & Galeman Junior

Speetrephotometer at 420 millimiorons against a staniarxd
| aontain1ng 10 mierograms of p-nitrophenel in 10 ml.

,6.5 N NeOH and the amouxnt of free pvnltraphenol esti-

mateﬂ.




~ Rosults

The axbitrary unit of pheny;sulphatass activity
is define& as the smount of enzyme which producesg a coloux
aquivalenﬁ of lQ mlcregrama of pvnltraphsnal in a volume 0&
10 mle 0&5 ¥ E&GH. in 18 hours st 37° ﬁ., in acetaﬁe
buffer at pH 5»8, the substrate belng 0.005 molars

| ~Besulte of a series of experiments Ffor both
seminal flui& and rat livex homogenate are given in
Table Ieﬁ 5 comparison of the amount of phenpl libersted
frog phengl phosphata to the amount of penitrophenol
lmberated from p-nitraphanyl sulphate by weight for same
typlcal experimants is giVen in,Table IIe

Diaﬁuasiqn.

beminal fluia did show some gheﬂylsulphatasa
aeﬁiviﬁy. As might be exgectedﬁ it wes ngt a eonstamt
valua,but ranged from 0e146 to 0575 rhenylsulphatase units,
for the samples investigaﬁeaoh Rat liver homogenate dige
pblayed a muah higher phenylsulphatase aetivityo This
- latter peints to the validity of ﬁhe method in estlmating
phenolase aativitys

The ameunt of hyérolysls by geminal fluld wa s
very smell ecnsiaering that the time of ineubation was
eighﬁeen hours and the enzyme concentration was L:25.

Bxperlence has shown that urder gimiler eonditions,




0,05 molar phenyl phosphate would be fully hydrolyzed.

Table II shows that considerably more phenol
by weight is libefated'frem phenyl phosphate than penitro-
phenol from p-nitrophenyl sulphates even with the tims
of hydrolysis and the enzymic concentration of the lattex
being greatly in excess of thet employed with respeot‘
tovphsmyl phosphatec | -

Delory and King (1939), Andersch and Szczpinski,

(1947) amd Delory (1948) have established that p-mitrophenyl
phesphate 18 hy&rolyzaaftc,a slightly greater extent than
phenyl phosphate for a large numbsr of phosphatases in-
eluding the prostatie enzymee The ratio of‘the phospha te
liberated from the ponitrephenyi ester to that from the
phenyl ester is not 8 constant but varies slightly with
the corditions of the tests In the great majority of
phoé;matases,examined, including prostatic phosphstase,
it was of i:he order of 3.45. '

The above faetors would suggest that the pro-
nounced hydrolysis of phenyl phosphate,in distinction to
the other phosphate esters, is not the result of a phenolase
being present in seminal fluid. Although seminal fluid
has been found to possess some phenolase activity, it is

not sufficient to markedly sffect the hydrolysis of phenyl

phogphate.




TABLE I

IHE%YLSULEHA@%SE.AGTI?ITY OF SEMINAL FLUID ANB RAT LIVER

HOMOGENA TR

Micrograms of
Penitrophenol
Liberated

FPhenylsulphetage
~ Units

Semimal Fluid
Logd
>202
Bed
7.6

{b) Rat Liver Homogenate

625




TABLE 11

COMPARISON BY WEIGHT OF PHENOL LIBERATED FROM FHENOL PHOSPHATE

20 THAT OF PARANITROPHTNOL FROM PARANITROPHENOL SULFPHATE

Mg. phenol liberated : Mge p-nitrophenol liberated
per 100 ml. enzyme ber 100 ml enzynms

|




8o Action of Seminal Fluid upon Bthyl Butyrate

Preliminsry Remarks

Bthyl butyrete has heen commonly used =8 a
substrate for investigating the hydzrolytic activity of
what might be 6alled@ the "nnnospa@ifia“ esterages. It
fhas also been used in the invesﬁigation of lipases where
fit sometimes serves as a substrate, in lieu of the trie
fglyceridQSQ 1% was felt that ethyl butyrate would fulfiil
ftﬁe subgtrate requiremsnts im investigating seminal fluig |
fpr,t&e presence of any enzyme which might exhibit a
'geﬁeral hydrolytic efféetf ic6s an unlimited estersse.
Similarly, if lipages were bresent, it was felt that the
'athyl butyrate would ass o gonsequence show Some degree of

hydrolysise

Method in Prineiple

(2) The method used was one developed For the ostimation
of 1lipase aativity by this department {White, 1950). In this
“matha@ the substrate is homogenized with the buffer using a
hand homogenizers The enzyme is sdded to buffered substrate
and the mixture shakeme It is allowed bo inmeubate for s periad
of thirty minutes at a temperature of 57° Ge, and then added
to ice water to diminish enzyme aotivity. Blanks are run at
the sams timé, the enzyme solution being added at the end of
the period of incubations The tests ané blanks are titratea




to the original pE with sbtandsrd alkelie The difference
in mle alkali between that ﬁaquir@@ for the test and that

, fcz the blank will give the msasure of enzyme activitys

Method inﬁ&etail
Ra&genﬁa

fcaleium éeatate - Verenal Buffer pH 9»5

10 gmo ealeium acetate and B gm. veromal were
'dissolved in éistillsﬁ water amnd made up te L litree PFinal
'pH wee aéjasted eleetr@m@trieally to pH 9.5
Reéistillad Emhgl Bu@gxata

Qe @5 H K&GH

Proscedure

2.0 mle ethyl butyrate were added to 8.0 ml.
distilled water in & test tube and the mixture shekeme
It was then homogenized with 90 mlq buffer, by passing
three times through 2 hand hemoganizerg the test tube
being rinsed several times with the homogenmate to en-
sure- that all the ethyl butyrate was taken wpe

20 ml. of the abova‘soluﬁi@ﬂ was pipetted imto
& test tube, which was yléceﬁ in & water bath at 379 G.
&Eﬂ all@we& to equllihrate for 10 minutea. A% the end
of thie period, 1 ml. of the enzyme solution, which had

likewise been 2llowed to equilibrate for a similar time,
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was added to the homogenized mizbture. This soiution was in=-
cubated for thirty minutess 4% the end of the period of in-
cubation, the mixture was transferred to 2 250 ml. beaker
corntaining 80 mle of ice water.

The solution was titiated to the original pH using a
Beckman lodel G pH meter. The beaker was placed on an electro-
magnetic stirrer, and the large electrodes of the pH meter were place
~ below the level of the solutione

The validity of the method was checked by using rat serum,
which was known to contain both lipase.aﬁa‘paeu&oaholinesterase,
The serum was obtained from a freshly sacrificed white rat

ané wag nsed uvundilutbteds

Results

Table III shows the degree of hydrolysis of ethyl

butyrate by seminal fluid (in dilutions of 1:10, 1:50 and

1:100) s The activity of rat serum in this resmwet is also

shown in the same Table s

Discusgion

Ag the results in Table III show, seminal Ffluid has
no hydrolytic effect on ethyl butyrate. It seems thézeforeg
thet the enzyme responsible for the hydroiysis of phenyl
phosphate and other phosphoric esters is a true phos phatase,
its lipase and "non-specifiec esterase" activity heing

negligibles




TABLE IIX

ACTION OF SEMISAL FLUID AID RAT SERUM UFON ETHYD BUTYRATE

Dilution | Noe of Mle 0.05X Noe of mle 0e05X
o | NaOH used in test HaOH used in blank

g el

(a) “SeminalyElaia

l: 10 088
1:50 0.88
15100 | 0.88

(b) Bat Serun

‘Undiluted €000
Undiluted 2007




4. Sumnazy

Seminal fluld was tested for rhenolase activity.
Four different semples of seminsl fluid were found to
possegs phenclase sctivity ranging from 0.146 to 0.75

arbitrary unitss

Congiderably more phenol was libesrated from phenyl
phosphate by seminal fluid than penitrophenol from penitroe
vhenyl svlphate, even when the latter had a longer period

of incubation and less dilubte enzyme solubtion.

The hydrolytic sction of seminal fluld upon ethyl

butyrate was investigated. No hydrolytic action was

founde

The hydrelytic action of seminal fluid towards
phenyl phos phate does not appear to be caused by a

@h@ﬂ@l&ﬁe@




BART IT
THE PHOSPHOMONOESTERASE SYSTEM OF HUMAN SEMINAT FLULID
| ATD RED BLOOD OELLS -
SECTION

I, HISTORIGAL

l. Eerly Work on the Phosphstases

Fhosphatases are enzymes which catalyze the hydrolysis
of phosphate esters yielding inorganic rhosphete and
what might be ealled in a very general semse, the aleohol.

The first phosphatase was discovered in 1902 by
Suzukl, Yosimura snd Takeishi. They found an enzyme in
wheat and rice bram capable of decomposing phybin (the
ealqium magnesium salt of inositol hexosephosphoric ester),
with the liberation of inorganice phosphate. suhaequently'
8 great mamy phosypheteses have been fourd in both the
blant and animal kingdom. |

| MeCollum and Hart (1908) demonstrsted the pre-

sence of an emzyme in calf liver and blood that womld
hydrolyze phytina Plasmata dsriveé‘fram various organs
of the dog was found by Levene and Medigreceanu (1911)
to hydrolyze nueleati&esqwith the liberation of free ’
phcs.phata; intestinal mucoss ard kidney producing the

most active extractse kGrosser and Hussler (1912), foagﬁ

an enzyme thet would hydrolyze glycerophospha te éi@ely




disbributed in animal organisms.

¥Mueh of the early work on phosphatases has been
reviewsd by Kay {1932).
| | The first phos rhatases that were discovered

all showed their eptimum activity in the alkalins»ranga
from pH 8 - 10, although it was later shown that the
optimum depended upon the conditions of hydrolysis

as well as the substrate. (King and Delory 1939).

In 1§51* 30a&e demonstrated the existence

of a‘yheaﬁhaﬁaaa in red blaod cells which had & pH
aptimué’on thé geid side of neutrdlity. Subsequently

'qthar acid yhoéphatases‘have been discovered, amongst
which may be menti@ne&‘yéast aci&‘ghesphatasa, possass~
ing & yH optimum of 4.0 with phenyl phos;hafe, and the
acid phosphatases of liver, kidmey and spleenme Demuth
in 1925 found an gcid phoéphatase in human urins, which
Tutscher and Wolbergs (1935) traced to the prostate
glande This phesphataée &iéplayéd a pH optimum of 5;1
ﬁar.phenyi phosﬁh&te and a p&ateeu for beta-glycerophos=
phate ranging from gﬂ'é.o » Bele This phosphatase Was‘
later found to-ba present in the seminal fluid. |




Clasgification of the ?hasphatasas

The following scheme has been put Fforwarad by

Folley and Kay (1936) for the classification of the phose~

phatasess

Class of Enzyane

Iype of Substrate
- Hydrolyzed

Froducts

Ae Phosphomono=
esterasges

Phog phodi=
esterages

‘Pyrophos~
phatages

Meta phog=
rhatasgses

Phosphoami =
dages

lonoesters of
orthophosphoric
aecid

Diesters of :
oxrthophos phoric
aaid

Salts and diesters
of pyrophosphoria
acid

salts of meta=
phos phoric acid

Hegubgtituted
amide phosphoric
acids

ReQH and
35264

R10H and

ngﬁgfﬁé

Ry =HpP0y and
Bp Ha¥0,

Salts of orthoe
bhos phoxic acid

Rs mg and
Hg®0,




The phosphomonoesterases have been further

subdivided according to the Ffollowing tables

Subclass | Approx Relative rates of Bffect of g
- optimum hydrolyeis with at optimum pH

PR with alpha and

betaglycerophosphate

9=10 , beta greatex Activation
than a lphs

4s5=5e5 beta greater No activation
o than a lpha ‘

S=4 beta greater Activation with
' than alpha glpha but not
with bets

alpha greater Activation
then beta
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Recent work has emphasized certain difficulties in
these oclassificationss, For example, both seminal fluid

and red 6ell phosphateses exhibit widely different pH

optima for different substrates and under di fferent con-

ditions of inoubation. Es a regsult, thesgse classgifications
nasa revisi0£ if they are toc continue ig.the literatures
Hor eliniﬁal sorvenience, it héé proved advantageous to
aivide ﬁﬁeyghosphatases.inﬁo two m2in groups, the acid and
the alkaline phos phatages, the former exhibiting their op-
timum aeti#itﬁ in the acid range, and the latter om the

alkaline side of neutralitys




2, Seminal Fluid Phosphatase

In 1985, Demuth fourdi a phosphatase present
in bhuman urine. This waa extensively investigated by
ﬁelbezga‘in 1938, and he reported, emongst other data,
that it possessed a pH optimum between 3 and 4, acted
mere strongly on betae than.alphaglysarephos;hats, and
wag not activeted by magnesium ionse Urinme phosphatase
was fourd to be @resénﬁ to & greater extent in msles
than in fema lese Kutbtscher set forth to trace this down,
anl later in the seme year, Kutscher and Wolbergs (1935)
found ﬁha,prostatazgl&1ﬁ~ﬁe be very rich in an gcid
phosphatasee It possessed a pHE optimum bétwasn,é and
6.5, acted more gtrongly on beta=- than alphaglycero-
phosphate, amd was not activeted by magnesiume On evi-
dence such as this, the source of the mai§ uxinary phog=
phatasgse was tentatively tied up with the prostate gland.
At the same time, Kutscher and Wolbergs ( 3.955)&, were
able to show that the seminal fiuid was enriched with
this enzyme anzing ejaeulatién.

Subsequent to thesa_&iscoweries, considerable
work has been donse on the phesIMatass‘of the prostate
amd seminal fluid, the most moteworthy contributors
being the King school in London snd the Gutmns with

their eollaborators in Eéé*Yorka




Gutman, Sp:féule and Guimen (1936), observed

that bones which were the sites of metastases frem
carcinoma of the prostate hed gmatig increased acid
rhosphatase activity, in sddition to the normsl increase
of alkalime phosphatase arising from the laying down of
new ﬁene s2lte These findings w’ere eonfirmed by Bazr=
ringer and Woodward (1938), who stated:=-
"prostatic caneer retains the ability to produce large
émounts of geid phosphatase, which is ,éharaei;eristie of
the normel adult prostate, and that distamt metastases
shares this ability with the primery tumor."

Gutmen end Gubtmen (1938) and Robinsen, Gutman
and Guboan (1939) demonstreted that Mormal serum containe
ed an scid phosﬁ;ataseo The activity of the normal serum
was low, but the serum phésphatase of patients with metase
- tasizing prostatie carcinoms was usually raisede

| This fact is used nowadays in the diagnosis of
caroinoma of the prostate. Barringer and ?{oa&war& {1938),
moted thet in certain eases, other than prostatic camcer,
elevated serum acid phosphetase levels were encountered.
The source of this normel serum scid phosphatase has still

tac be establishede It isgene:nally believed to originate

from the tiesue phosphatases and also the red GQ‘l;LSo




Various methods have been proposed for the dife
'faxemﬁiaﬁi@m,of the so~called normal serum acid phog=
phatasge and that present in the serum Ffrom prostatic

metastases. Herbert {1946), devised a technique uge

ing absolute alc@helsywhich he ¢laimed would inzoti-

vate the prostatie phos phatase but not the noxmal serum
acid phosphatases Abul-Fadl and King (1948), developed
a'methcé using form line The form iin 1nﬂ1bitaa the
serum acid phos phatase but not the proatatle enzyee s
This subject haa heen.rev&ewaa by Ki&; and Delory
{1%8) .

Physiological Role

In addition to the elinical aspects of prostatic
phgsphatase mentioned abeve, there has been a certain
amount of work done upon its physiological role, pare~
ticularly with reference to its,p#esence in the seminal
fluids Gubtwmen and Gutmn {1941), investigated the
saminal fluid of sterile males for pho sphatase activity,
and found that it was of the same level as that of nore
@2 1 mens Delory {1947), conducted an investigation
into the phos phatage activity of the seminal Ffluid in
comnection with the number of spermatozoa and thelxr
motility. He 4id mot discover any correlation betwesn

these factorss




~ Lundquiet {1946) reported that the funotion of

éaminal fluia phos;ha%ase'ia to hydrolyze phosphorylcholines
Stored seminal fluid, he gtated, wes rich in both cholins
and inorgamie phosphate, whereas freshly ejeculated semen
is poor in both these substances, but rieh in phosphoryle
cholinee The pH optimum of this reaction he foumd to he
identical with the JH of the vaginsl bracte It is mot cere
tain wh&t”wouﬁi be aeeempliehad by the splitting of phose
ph&rylahelime,~far it 18 not 2 compound containing high
energy phosphate hondse | , ’

| fﬁéraﬁ and Phillips 11941) xapertéd that seminsl

fluidaphosﬁhaﬁase night have the fénetion of a lescithinass,

since they found a decrease in lipoid phésphorus and an
increasge in ester phosphqruﬁ in samenkﬁhish had been allow=
ed to stan&; Macnaoé i1959}9 aggigns some glycolytio
funétionta:this éhzyme.’ Hére aﬁe}thing is of interest,
Maﬁﬁ (;§48)§ wés ahla’to demonstrate the presence of
fiuetése in seminal fluid, end further that sperm cells
were able to metabolize fruotose, glucose and m2nnoses
This ability to metabolize fructose is not foumd in many
tissuess Mamn further poinmts ont, that it is diffioult to
follow any glyeelyti@ pathway in humen seminal fluid;, since
the geminal plasme is so rich in phosphatasethfthe substrates
of the primsry glycolytic enzymes, @he hexose phosphates,)
are rapidly hydrolyzeds Reis (1940) found that human seminal

blasma had a& phosphstase activity téwaras certain nucleotides.
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Nucleotides attacked included inosinic acid, adenylic acid
axd yeast adenine nucleotide. He wes able to show that

among tha seminsl phesphataées, there was ons ageeifi@ally
ééne@rned with the hy&rolysis of yaaanylia geid which hé
called “SQnuolaeﬁiaaae“. This éﬁzymé was eomplatsly;inactivs
téwazasvéom.ﬁ.’an& a&eﬁine nucleeﬁiées ‘Using bull ssmaﬁ;
Mann (l94$), was able to confirm the axistenéa of a highly

active s-nﬁelaeﬁidaséo_ With bull semen, he foumd the aetivity

could be expressed by the ratio:

moleg of phosphorus split from sdenylic acid = 300
moles of phosphorus split from betaphosphoglycerol L

, AbulFFadl anl King (1949) have made a2 detailed
study of the soid phosplatases of seminal fluld ami red
cells with respsct to kinetitts, pH optima, and the effect
of metallic anl acidic ionse. Although they sccumulsted
congiderable data, they did not'poatulate any vhysiological

mechanism for seminal fluid phosphatage.




Be Ba& Gell Ehasgﬁatase

The presence of & phosphatase in the red cells of
mammalian blood was first d emonstreted by Martland, Hansman
and Robison in 1984, and confirmed by Demuth in 1925 Roche
{1931) published the first detailed study of this enzyms
using the red cells of cattle and the white rat. He foum
that it bad an optimum lying between pH 6.0 and 6.8, and that
it acted more enérgeti@ally upon the alpha~ than'%the
betaglycerophos phatee %hefhydxalysis was inhibited in the
presence of inorgamic phos pha te or glycerole Roche also
gtated that tﬁié enzyms possessed the ability to synthesize
phospheria esters from inorganie phosphate and the various
aleohols, e@sge, glycol, glycerol ani hexoses. In 1942,
Roche, van-Thoai and Bedouin claimed to have discovered
two distinct acid phosphatases in the red 6ells of cattle
and rats, these possessinmg pH optima of 4.0=4.2 and 5.4,
respectivelye The beef phosphatase hydrolyzed the alpha-
glycerophosphate isomer to the greater extenmte The phosphatase
with the optimum at pH 4.0 was inhibited by megnesium ions,
whereas t&a%ﬁgggimum 8t 5.4 was activated. Aseorbic acid
likewise inhibited the enzyme wi th théfmere asid pH optimum
and &cfivated the othere Both were activated by glutathione
and cysteine. Oystine, sodium sulphite and ferrous sulphate
were found to inhibit the phosphatase with the lower pH

optimum, but had no marked effeet on the other phosphatase.
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These workers, Roche et sl, further reported the

presence of two pyrophosphatases, distinet from the phospho-

monoeéterasea, in.tﬁa rod aells of @atélsa Thess pyrophosge
phatases cou ld be separatgi’fxem the phosphomonocesterases
by adsorption and elution from’kaelia.at pﬁ;5§0a Both
the pyrophosphatases we:é activated by magnésium, and to
an even greater eXtent byyaseozbie acid . ‘
Behrendt (1943) fquné’a-phosphatase in washed humen
zea Gells. Its preseaée was eonfirme& by King Wood and
Bélory in 19459 They found it to be optimally active at
pﬁ 4.8 -,saz. It wasg inhibited by magnesium, fluoride,
prolonged treatment with ethanol, axd was not appreciably
effected by glyeine or ascorbic acide Abul-Fadl and Xing
11949) later reported a sonfirmation of the work of Roche
th&t red cell phosphatase psssessed two pH optima, one
between 4.0 - 4.3, and the other between 5.0 aml 5.5, The
latter workere foumd this red cell enzyme hydrolyzed alpha-
glycerophospha te more r&pidly than betaglycerophosphate,
and that the effect of magnesium was negligible. Oaloium,
manganese and 2ino showed varying degress of inhibitioxn,
while cobalt and nickel inhibited in certain cases amd ndh
in others. OCopper iong had a marked inhibitory effect even
at relatively low comncentrations {00008 M), iron inhibited
at a stronger concentration. Glycine caused inhibition
while alanine was wit honf effects @Glutathione erd eysteine
by thewselves possessed no mrked effects OCpenide (0.01 M)
showed slight activation.
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In the present Waxk, the presence df a second pH
optimum for red eell phosphatese was found only occasionallye
Most of the blLood samples were obtained from surplus blocd
from routine tests performed in the Winnipeg General Hospital
Bioehemieél Laboratory, and this blood was generaily col=-
1ecte&'early'in the morning, and held several hours at |
room temperature before releasee Since Abul-Fadl and
King {1949) noted that the more acid enzyme was destroyed

by stanﬁing for a few hours at room temperature, it could

well be that the second peak was destroyed before the

blood sesmples were obtaineds




§RCTION II ~ ANALYTICAL FROCEDURES

1. Betimation of Phosphatage Activity

{a) Barly Work

In a problem of this nature, it is essential that
some basis be established for the comparison of the activity
of the enzyme towards d&ifferemt substratese.

The firet widely adopted for the estimation of phos=
phatase activity in blood plasma was that of Jemner and Kay
{1932)s It consgisted of incubating the enzyme in a solution
of sodinm beta-glycerophos pia te with a glycine buffer. The
enzyme activity was destroyed and the liberated inorganie
phosphate d etermineds The phosphatase activity was de=-
fined as the number of mge of phosphorus liberated per LOO
mle plagmae

Thie method was modified by King end Arvmstrong {1934).
They replaced the sodium beta-glycerophosphate with discdium
phenyl phosphate ag the substrate, and measur ed the amount
‘of phenol libersted after the method of Folin and Ciccalteaun
{192%)s In this method a veronal buffer was employed. The
phosphatsae activity was expressed as units per 100 mle.
serum ard is numerieally equal to the number of mg. phenol
that would be set free from the phenyl phosphate under

standard conditionse
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Deloxry and King {1945) have mede a further modifestion

% this mthods A sodium carbomate = sodium bicarbonate

buffer is used for the alk&lins phosphatase estimation, and
g sodium citrate - eitric soid buffer is used for estimation
of acid phosphatase activity. ‘

In the United States the method of Bodansky {1933)
is generally usede This method employs sodiuam betaglyeeré-
rhogphate as the substrate, and @easuxas the inorganiec
phosphate liberated. Since phenol is approximately three
times the molecular weight of phosphorus, sometimes Bodansky
unite are converted into King-Armstrong units by multiplying
by threes The rates of hydrolysis of phenyl phosphate and
betaglycerophosphate are not the same under all conditions
and this conversion should be - :-viewed withrxesarve.

&8 it was the intention to test other phosphate esters
besides phenyl phosphate, and compare the degree of hydrolysis,
obviously only the liberated phosphate could be measured
ginee it was the only common hydrelytie éro&uet. It was
therefore decided that the phosphatase activity would be ex~
présaea as the number of mge of phosphorus liberated per 100
mle of enzyme solution per unit of times

It was also decided to use phenyl phosphate ag &
gtandard substrate and compare all the other phosphoric es=
ters to ite A4 ratio would be established with phenyl phosg-
phate equal to Le It ig often difficult to obtain fronm

biological substances, enzyme preparations whose sotivity




is of a constant magnitude, e.ge., congiderable variation

hag besn noted in the phosphatage ssti?ity of seminal fluid.

With phenyl phosphate being employed as a stendard substrate,
and its degree of hydrolysis being taken as unity, it wes.

hopsd that this trouble would be obviated.
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{b) Determination of Imorganic Fhosphate @s an Index of

- Phosphatase Activity

For the determination of phosphatase activity, 1t was
necessary to measure the inorganié phogphate set free with~-
out hydrolyzing the ester phosphoruse NMany methods have
been proposed for the determination of inorganic phosphate,
and the methoﬁ‘of &hdiee would possess the advantages of

simplieity, gensitivity, zapidity and accuracye.

Gxavimetria lMethodge = Gravimetric methods depend upon
the precipitation of phosphorus as magnesivm ammonium phos=
bhate, whieh can be weighed as such, or else converted to
magnesium pyrophos phate prior to weighing by ignition.

Such methods however are not suitable to the present problem,
for they are laborious and time consuming and not readily
applicable to theestimation of very smll amounts of inorganic

phosphatee

Colorimetric Methods = lost of the colorimetric

methé&s’in.use are modifications of the original method of
Bell and Dolsy (1920)s The basis of this method is thatb
ammoninm molybaéte and inorgenic phosphate interact to form

phos phomolybdic aaié, which is then‘ie&aceé to a lower valence

oxide of molybdenum by stannous ¢ hloride. This "molybdenum

oxide"™ has a blue colour, the intensity of which is proportional

to the amount of inorganic phos phate originally present.
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:Eiﬁkﬁ and SubbaRow {1325) nodified this method by
re placing the stannous ehloride with l~aminow2~ﬁaphﬁha%~4w
sulghonie aeid in a scfiua sulphite - sedium bisgulphite
solution (A.N.S. reagent) as the reducing agent. King
{19%?) changed the final pH of the Fiske and SubbaRow
procedures Berenblum snd Ghein (1938) tested the effective=

ness of a series of reducing agenté including A-N.Se,
potagsium ieai&e, gstannous chloride, etce They devised a
method in which the phosphomolybdic acid was extracted
with iso-butyl slechol and reduced with stannous chleride.
Allen {1940) substituted amidol for A.N.S. Waygood made

a critieal étuﬁy of all these methods in 1948, and finally

| ¥ |
adopted ascorbic.as the reducirg agente

These various methods were suitably investigated

to see which h&ld-th& most promise for the present studys

It was found that the rate of colour development in the
Figke and SubbaRow method was not uniform from sample to
sample, and that considerable time wes required before

the maximum depth of'&olour wag obtainede. ﬁlsa-traeés

of iron, sometimes present in the trichloracetic acid,
produced what Fiske and SubbaRow called & “elock"™ reasction.
This was a very slow deepening of the blua‘eoieur, and

was independent of the concentration of the inorgeniec
phosphates Obvicusly the Fiske and SubbaRow method was

not suitable for the present tasks
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The King method gave a stable colour, but its PH was
such thét it hydrolyzed the labile phosphate esters, particulsz~-
ly the glucose-Ll-phosphates The technique of Berenblum and
Chein involved the sxztraction of phosphomolybdic acid in
separatory funnelse This methoaiwas cumbersoms and unsuited
to routine use. The method of Allen gave stable colours
for é period of from three to thirty minubsse

Waygood found that there were two pH ranges suitable for
the egtimation of inorgaric phosphates ﬁhaa@ ware from 0.5
to lss and from 3.1 to 4.5. At the upper limits of the secom
range, hydrolysis of labilefphosyhaté esters wonld be negligiblee
Unfortunately Waygood®s method was too sensitive. Uhen the
goncantraticn of inerganis phe@@h@ras exceecded 30 micrograms,
considerable time was required to attain full eolonw develop=
mente

Finally it was decided to test a modifi@ati@m of the
King proceduve. In this modification, doubls Qaantiﬁies of
both amponium molybdate and A.N.S. reagent were nseds I% wes
hoped that the'@xcsss of molybdate would bring about 2 rapid
formtion of the phosphomolybdic acid, and that the excess
of ANS reagent would fully reduce bthe phos phomolybdic acid
before the hydrolysis of the labile phosphate esters became

significants Such was found to be the case upon testing,

and hence this modification of King®s method for the determination

of inorganic phosphate was adophted for estimating phos phatasge

'aG$ivitye




{(c) Ghoice of Buffer

Phree buffer systems were available covering the
acid range to be surveyed; vize., phosphate buffer,
citrate buffer and acetate buffer. -Phes;hate buffer was
xejeeteé for @ﬁvious reasong. Qitrate buffer in strong
concentration, interfered with the colour aevalepmént
in,phosphat@,&eﬁegminaﬁiQM®e Acetate buffer waes free

from this objection and hence was selectede

(d) Conditions of Incubation

The temperature of inmoubation was 37° G.
The time of inoubation was 30 minutes for seminal

£1uid phosphatase, and 1 hour for red cell phosphsbases




{c) Method in Detail

Reagents

20% Trichloracetic Acid = 20 gm. of the acid are dissolved
in water and made up to 100 mle Whenm 1L = & ml. @ve treated
with 10% potassium thiocyamate sclution, no more than & just

perceptible pink colour should develops

4cid Ammonium Molybdate = 5 gm. ammonium molybdate are dis~

golved in 80 ml. water containing 15 ml. concentrated sule

phuric acid, and when cool, made up to 100 mls

A.N.S8. Reagent = Ce2 gm l-2-4 aminomnsphtholsulphonic acid,

12 gme sodinm metabisulphite and 2.4 gme anhydrous sodium
gulphite are dissolved in water and made up to 100 ml.

This aolution ig allowed to stand overnight, and if n@t
clear, it is filtered before use. This reagent is not gbtable
and should be replaced every two weakse

Standazrd Phosphorus Solution

Stock Solution = €194 gme potagsium dihydrogen phosphate

are dissolved in 500 ml. water. This contains 1 mgd per mls

Dilute Standard Solution = 1L mle of the stock solution is

diluted with water to 100 ml. Dhis containg 0.0l mge P per ml.
Both the Stock and the Dilute Standard Solutions should be
treated with 1 - & drops chlorxoform to inhibit bacterial growth.




Acetate Buffers = 0.8 molar acebtate buffers were prepared,

according to the methol of CGole (1980), covering the gcid
range pPH 3.5 = 7.0 by suitable fractiéns of a pE unite.
Fimal pH was ad justed electrometricallye A feow drops of

chloroform were added to prevent bacterial growths

Substrates - 0.0l molar solutions were prepsred of the

following substanges:
Digodium phenyl phosphate
Sodium alphaglycsrophos phate
Sodium betaglyeérophosghaté
Glucose-1 -phosphate {K salt)
Gluéese—énpnasphate {¥a salﬁj
Fruotese-6-phosphate (Ne salt)

Fructose-1, 6-diphosphate (I salt)

Tha,last three hexose phosphates were availahle conm=-
merclally only in the frm of their calcium or barium saltss
Galéium and barium ions have been shown to exert an activating
effect on acid phosphatases, so they wers converted into the
godium derivatives. This wasg accomplished by adding a stoie
chiometric qﬁantity of dry sodium carbonate before making up
to the mark with water. The insoluble barium or calcocium
carbonate wes removed by Ffiltration. A few drops of chloroe

form were 2dded to inhibit bacterial growbhe




Bnzyme Solutions

Seminal Fluid = Fresh seminal finid was kindly supplied

by Dre David Swartz from samples submitted to his Sterility
Clinic in Winnipege The seminal fluid was diluted from 1:50¢
to 1:8000 in physiological saline, depending upon ite phos=
phatase activity. The degres of dilution was determined by
making preliminary trials with a 1:B00 dilution, and inereasing
the dilution until a suitable degres of hydrolysis was oh-

tainede.

Red Gellsi»vﬁzesh oxalated whole blood was centrifuged

and the plasma discarded. If was washed thres times with
physiological saline, centrifuged and the supernatant layer
removed, insluding the buffy layér of leucocybtess. The

red cells were dilubed 1:10 with water and shaken to ensure

-

haemclysisge.




Procedure

The tests and the blanks were run in duplicate. & mle
of the buffer and 2 mle. of the substrate were each added to
a test tébe9 which was then allowed %o equilibrate at 370 C.
foxr 10 minutess - 4 volume of enzyme solution suffieient for
all the tests aﬁd blanks wase equilibrated at the same time.
When the 10 minutes had elapsed, a stopwateh was shtarted,
and £ ml. of the enzyme solution were added to eash of the
teste at thirty second intervalse All the test tubes were then
stoppered, shaken, and then incubated for the exact period ad
ncte@ on page 33. At the end of the period of incubation,

1 mle of trichloracetic acid was added to each tube of the

tests at thirty second inmbervals, and then to the blanks.

2 mle of enzyme solution were now added to ths_blaﬂkga After
this, all the solutions were filterede

4 suitable aliquot of the filtrate, {1 wl. in the case
of phenyl phosphate eand 2 mle. for the other phos pha te esters),
was trangferred to a 15 ml. volumetric Fflasks 2 mle. of acid
ammonium molybdate added, and then O0s5 mle of A.N.S., reagente
The solutions were made up to the mark with waters 4t the
same time, & standaxd was prepared, containing 5 ml. of the
dilute standard in lieuw of the incubated sointion. This was
equal to 50 micrograms of inorgenic phosphorus. The eolours
were read exactly 10 minutes after the addition of the A, . Se

reagent, using a Goleman Junior Spectrophotometer set at 650

millimicrons, and the inorganic phosphate calcoulatede




Reliability of Method

& geries of tes?g were performed in which the optiecal
density was Ffound faxf&nawﬁ‘a@a¢entratians of inorganie phos-
pheteo A greph in whioh the optical density was plotted
againgt ﬁbe’phespharus‘@oneemtration wag prepared and is
shown as Fig. 1 Qn,paga 59a ,A:sg§gight liaa ig produced,
which signifies that the méthadffbl;owa‘ﬁeax‘s Lew, and
hence ig suitabl;e’ for the dat,sxminatien Qf,'iﬁariganie phoge

rhate, and therefore the asﬁimatian'Qf phaSph%ta$e getivity.
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Relationghip between the optical dengity and the inorganic
phosphorus concentration using the modified King methods.




SECTION III - HEXPERIMENTAL WORK

Lo Inﬁro&ucteg&

The exXperimental work shall be feperteé.iﬁ several
subsectionse It is proposed to presemt together, the re~-
sults obtained from the seminal fluid phosphatase and the
red cell phosphatase rather thaﬁ in separate seetions, since
this will facilitate comparison and contrast of these re-

gpective enzymese

2 Determination of the pH optims for Seminml Fluid end

Red Sellﬂrhasghatases

Introducto ry

In studying enzyme reactions, either the physiological
PH, an erbitrery pH or the optimum rH mey be ewmployede The
‘physiological pH is often difficult to detect, and there is
ne aasuréﬁee that the pH sotually foumd is the true prhysio=
logicel pH, since the introduetion of extranecus meterisl
or the removal from natural surrouniings eéuld have signifi~-
cant effects. An arbitrarily selected pH hae cexrtain inherent

dangers, espocially when itsused with different substratese.




If two gabsﬁrat@s possess pH opbtima widely separated, and
the aibiﬁrarg PH chosen liss much closer to one than to the
other, one ig apt to attribute an enzymic preference for cne
s&bétrat@ over the other which maey not be the case. AT the
optimum pH, the emzyre is sctime +to the fullest extemt
posgible under the experimental @caéitiéas, which makes conm=
rarisons valide

The pH optimum is actually a funetion of several
factors, including purity of the enzynme preparation, substrate
and substrate caneentraticn,’buffaz, @i@e end temperature of
incubation. Any éhamge in these factors can result in a
shift of the H optimume Accordingly, if the term pH ootimum
is to be meaningful, it nust be rigidly defined as to enzyme
eoncantratian, gubstrate G@ngemtratioﬁg buffer, time and teme-

perature of incubatione
Method

The procedure followed was the same as that given

on page 36, but with the followime exceptions. Tests were

run in triplicate rather than in duplicate. At the halfe

period of incubation, this third test tube was removed

and its pH deterwmined. This constituted the pH of the teste
A series of buffers, ranging from pH 3.5 t0o 7.0 ama differ-
ing by 0«5 pH urits, were employed. The amount of hydrolysis

in each cace was notede A new series of buffers, differing
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by 0e2 pH units but confined to the sres of maximum hydrolysis,
were substituted and the test repeatedy as ahove. The amount
of free inorganic phosphate was then caloulated, and that

PH showing meximum hydrolysis was considered to be the pH
optimume. FH eptima wore determined for phémyl phos phate,

the two glycerophosphate isomerst”%he hexose phosphates,

uging both seminal fluid and red cell phos phatagsse

Results
-The pH optimum for each substrate investigated

for both seminal fFfluld phosphatase and red cell phosphatase

is given in,ﬁable IV on page 43
pH activity curves for both enzymes covering all the
gsubstrates investigated'ara given in Pigge 2 = 5 on pages

,44 = 47 inclugivee.




TABLE IV

pH OFTIMA OF VARIQOUS PHOSPHATE ESTERS WITH SEMINAT FLUID

AND RED uELL FHOS FHATAS

E‘Zi

Seminal fluid Red cell
Substrate - FPhos phatase Phos ghatase

PH optima o optime

Fhenyl phosphate Be21 ' 80

Sodium alpha= ,

Sodinm beta= :
glycerophosphate St 5.50 : 630

Glucose-l-phosphate | 4.88 ‘ 6000

Glucoge=6=phogphate 490 o BaQL

Fruetoge-6-phosyphate * BeBL - 5.82

Hexose diphosphate o B70 Bs5=6.8
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pH Activity Curves

Phenyl phosphate with {b) Phenyl phosphate
seminal fluid phos pha tase with red cell phosyhatase

Sodium alyha@giycsfaphcsghate {d) gsodium al pha -glyceropho spate
with seminal fluid phosghatase with red cell rphosphs tase
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Se - Rates of Hydrolysis

Introdustory

The rates of hydrolysis of phenyl phos;hate, the
glycerophos thates, and the hexose phosyphates were deter~
mined both for seminal fiuig and red cell phosphatases
These results will be expresgsed as the ratio of inocrganic

phosphorus liberated from each ester to that libexated

from phenyl phosphste under similar'test conditionse

Meﬁho&

The method employed followed that giyehfan page
56; Each subsbrate was investigated sepsrately. It was
buffered at ite optimum pH. Simunltaneously, Phenyl
pﬁosphate, also buffered st its optimum PH, wag incubated
Wﬁth the same enzyme preyparstions The aéoamﬁ bf liberated
phosphorus wasg estimated, and then converted into mge
liberated per 100 ml. enzymeg This result was divided by
the amount which wag libexata& from phenyl phesEhat@ per

100 mls enzyme undexr conditions g of a similar nature.




Besalts

(1) Hydrolysis of Glycerophosphstes

Table V gives the amount of hydrolysis of the gly~

cerophosphateé by seminal fluid phosphstase and red cell

phosphatasee

{ii) Hydrolysis of Hexose Fhosphates

The hydrolysis of the hexose phosphates by seminal

fluid and red acell phcsphataaes’is shown in Table VI

Bissussion

‘Tahle V ghows that seminal fluid phosphatase hydrolyzes
the Eéta isomer of glycercphosphoric acid to the greater
extent, whereas red cell phosphstase acts more strongly
upon the alphaglyserophosphate. Thig facﬁkhas been con-
firmed meny times by previous workersg as noted in the
Historicel Introductiom.

Table V also shows that phenyl phosphate is more
fully hydrolyzed than either of the glyceroprhos phates fox
both enzymese Also it is evidenmt that seminsl fluid ph©&~
phatase has & stronger hydrolytic effect on the glycerophos-
phates than the red cell enzymey; for the alphaglycerorhos=
phate is hydrelyzed 8 times as much and the beta isomer 70

times as much with seminal_fluid phosphatases




Another interesting difference in the hydrolysis
of the glycereph@sghataa§ is that the alpha- and beta=
glycerophogsphates are hydrolyszed to more or less the
game exXtent by seminal fluid phosphatase, whereas red
cell phosphatase attacks the alphaglycexophosphate almoseb
7 times ag much as it does the'betaglycerephosghaté@

Before discussing the hexose phgsphates in detail,
the ¢ase of fructoge-l,é—diphosphate requires special
attention. Seminal fluid and red cell phosphatases are
able to hydrolyze both carbgn L and carbon 6 phosphate
linkages in the monophos;haﬁes, gincee both glucose-1-

phosphate and glucose-6-phosphate libewrate inorganic phos-

phoruse 'Therefare it is reasonsble to g ssume that both
linkages in the hexose aighasphate molecule are attacked,

and that tweyphosphate ra&icais are set freee Aceordingly
vif one is to give comparable results the degree of hydrolysis
of the fructose-1,6-diphosphate should be divided by twoe

Table VI shows that hexose diphosphate is attacked to
the greater extent by both seminal fluid amd red cell phose
phatésee, however as mentioned in the preceding paragraph
this value must be divided by two tc place it in its pre@ez

perspectivee.
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ZTable VI shows that there is & definite gradation in
the degres of hydrolysis of the hexose phosphates by semiﬁal
fluid. ©This gradation, in descending order is as follows:

gluccee=l=phos phate

fructose=6=phogsphate

fructose~1,6-diphosphate

glucogse=6=phosphates
The red cell phosphatase, on the other hand does not show
éu@h & pronounced gradation. Glucose=6=phosphate and
fructosavénphosghate are hyéralyzsﬁ to the same extenty and
somewhat more than the hexose diphosphates Glucose=1l=phos -
phate is hydrolyzed to the least extent. An interesting
point in this regard is the complete reversal of the vosition

of glucose=l-phos phate, from'being the mest‘hy&rolyzed with

seminal fluid phosphatase to the least attacked with the

red cell enzyms. One obvious deduction is that the phos =
bhatases of seminalvfluid and red cells are not the sames

Table VI also indicates that seminal fluid phos pha tage
hydrolyzes the hexose phosphates to a greater extent than
does 1fs red cell counterparts The hydrolysis of glucoge=1=
bhosphate is 80 times greater, gluaaaewéwghasphat@ twice as
great and the fructose phosphates hoth four times as greats
Thié fact also suggests the dissimilarity of the enzyme

gystemse




DEGRER OF HYDROLYSIS OF ATLPHA AXMD BETAGLYCEROPHOSPHA BAS

WITH SEMINAT FLUID 41D RED CRLT Eﬁ@b@ﬁﬁ ASES

Substrate

Seminal finid
Phosphatase

Red cell
Phos phatase

Thenyl phospha te

Sodium alphs -
glycerophos phate

sodium hetae
glycerophos pha te

(1.000)
0370

0480

(1.000)

-

D045

0007

Note: Results are expressed as percentages of the
prhenyl phosphate hydrolysis.
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DEGREE OF HYDROLYSIS OF THE HEXOSH PHOSPHATES WELTH

SEMINAT FLUID AND RED CELL FPHOSFHATASE

Substrate seminal fluid Red cell
Phosphatase Fhos pha tage
?ﬁeﬂyl ‘phos phate (1.000) (1.000)
Glﬁ@ésewléphes phate  oemt 0s015
@lacoaa~é~phosg&ate 0139 0062
FIHG@OS@“@UQﬁOS@h&ﬁ@ 0.282 0069
ancteseélgﬁwdiphcsphate 0:166 0.044

Notes: Results are expressed as percentages of the
phenyl phosphate hydrolygis.

Poxr cemparison, the valnes of the fructose=l,6-
diphos phate hydrolysis have been halved.
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4. Bffect of Dialveis

In the work mentioned so far, the amount of
inorganic phogsphate liberated by the action of a
preparation of red cells or semimal fivid has been taken
as a8 measure of the phosphatase activitys Thig is
justified when phenyl phosphate is the cubstrate, but
with the hexose phosphates other factors must be considereds
Suppose, for example, a mixture of phosphatase and hezo-
kinase be incubated with glucose-6-phosphate (all necessary
activating substances being pré&enb)9 then, while
inorganic phosphate will be liberated by the action of
the phoéphatasg, there will be an uptake of phosphate
due ta the gynthesig of glucose=6~=phosphate. In the oire
gumgtances a‘falsel§ low measure of the Qheg;hétase
activity will be recérdeaa Similar considerations apply
to other glycolytic enzymes which may aaeﬁistywiﬁ&héﬁa
phosphatase, such as phosphorylase, Phosphotriose
isomerase, etes

| Attempts were therefore made to measure the
true phosphatase activity by taking s2dvantage of the fast
that the glycolytic enzymes mentioned above are inactivated
by dielysis, while seminsl fluid phosphatase is said to
be unaffected, Abul-Fadl and King {1949). In sddition,
-1t was also dewired to establish whethef dia lysis would

have any effect on the degree of hydrolysis of the

various subsbtratese




Method

The method was unchanged insgfar ag the ihcubation.aaﬂ
estimation of inorganic phosphalte was concerned. However,
both undialyzed ard diélyzea enzyme golubtions were usede
Dialyzed solutions of the enzymes were prepared by placing
the normel enzyme preparation in a cellophane dialyzimng tube
aid dialyzing overnight against ruhring water. TUpon occasion,

the length of the period of dialysis wae inscreased, bubt these

gpecial cases will be mentionsd individuwally in the discussion.

Results

The hydrolysis of the hexose phosphates by dialyzed and
undialyzed éeminaL fiuid phosphatase was measureds. The results
of these experipents ave given in Table VII.

The effect of dialysis upon the hydrolysis of phenyl
phogphate hy red eell phosphatase is given in Table VIII,

The degree of hydxolysis of the glycerophosphates and
the hexose phosphetes, relative to phenyl phosphate, by red
cgell phosphatase before amnd after dialysis, is given in Tabkle

IX.




Discussion

The typical results presented in Table VII show
that overnight dislysis hag very little effect on seminal
fiuid phosphatasee This is in marked contrast to the findings

with red cell phosphatase which are bregented in Table VIII.

The actual fall in the red cell phosphatase level wasg, not

unexpectedly, variasble. On the whole activity decreased
with increasing time of dis lysis, and the activity could bhe

conpletely removed with grolange&,éialsai%@

A complicating factor ie that the activity of the
red cell phosphatase gradually goes off on etandizg, even
in the ice chest. For exsmple one sample of red cell phos -
phatase lost 45% of its originsl activity in five days
stending at 0% G. This factor is no doubt invoived iz %he
loge of activity with dia lysis, but the velocity of the
loge of activity with dislysis is too great to be dwe +Ho

thig factor alones




Thig fact was emphasized by the foilowing experiment.

50 ml. of red call phosphatase solubtion were pre@areﬁ, and

25 mle of tﬁis solution were dialyzed overnight in e cellophane

tube, while the remsining 85 mle were kept in a test tube,
and placed in the seme beaker in which the dialyzing membrans
wag suspendede Both enzyue preparations were tosted for pho g=
phatase aativity the next day. The pie@aration which ha&'been
dislyzed evernlght showedaaQ? loss¥activitys yet the conditions
of stcrage were praetiéally the sames

Since thers was sush considerable variation in the loss
of activity uvupon dialysis, no tabla of "typical" results
could be prepared. . |

Eable VIII shows that this loss of activity iq not restare&
by magnesium iong nor the addition of boiled bloode Many al-
kallne phosghatases eonbaln magﬂesium as a prosthetie group9
and are acﬁlvated by it s pmesence. However sush is not the
case with red Gell phoaphatasee Boiled whole blood was used
in case some metal or organie group was present as a grosthetie
groups siﬁce the aétivity was not restored one may é@ncludeg
that if a pieatheti& group is being removed by dialysis, it
must be a heat labile compouni, or on the other hand an ir-
ravexsible inactivation is brought about by dialysise. The
lengitih mﬁ'ﬁ%&lygis wag 48 hours and the only substrate in-

vestigated was phenyl phosphate.
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A& geries of incunbations wasg carried ont with dialyzed
and undialyzed red cell phosphatase to sse if any substrate
Was‘partiouiarly affecteds A4As Table IX shows, the logs of
activity had no effect upon the relative degree of hydrolysisge
It mpnst be emphagized that in thesse experiments the amount
of hydrolysis with the dialyzed enzygpe was less in every
ingtance than that obtained with the undialyzed enzyme. In
these experiments the length of dia lysis was overuight. A~
nother interesting fact is that the same order of substrate
preference prevails after dialysiss

Thisg could mean that a eingle phosphatase is acting

upon all the different substratese A5 it undergoes an ire

reversible inactivation, only a portion of the substrate

will be hydrolyzed, compared to that which was hydrolyzed
beforee If several phosphatases were present and different
ones were werse responsible for attacking d ifferent substrates,
it would not be unreasonable to expect scme varistion in the
velocities of inactivation, and hence in the degxse of hy-

drolysis, by dialyzed and undialyzed enzyme prepsrationse.




TABLE VII

T OF DIALYSIS UPON THR HYDROTYTIG ACTIVITY OF SEMIINAL
FLUID PHOSFHATASE |

Substrate iUndialgzéd Dialyzed
Sy ; Enzyme o - Bnzyme

Fhenyl phosphate | 1000  1.000

Glaecse-;—phos;hate Qe 3L7 O 552
@Gluco se-6-phosphate | 0.133 0.135
Fructo se-6-phos phate | 0300 R 00289

Hexose diphosphate | 0350 0.348




TABLE VIII

THE HYDROLYSIS OF IHEKYL PHOSTHATE BY DIALYZED AND UINDIALYZED
RED CELL PHOSFHATASE AND THX EFFECT OF THE ADDITION OF MAGe

E%SIU%.&%D OF BOILED WHOLE BLOOD TO THE DIALYZED ENZYWE

Undialyzed Red | Dialyzed Red Dialyzed Red DialyZed Red
Cell Cell Cell FPhosphatase Cell
Fhosphatage Phosphatase plug 0.01L molazr Fhos phatase
. , Megnesiunm bplus Boiled
Whole Blood

15 mgp LeB57 mg. P Le.57 mg. P Lo68 mg,t
Liberated Liberated liberated Liberated
per pezx per pex
100 mle 100 ml. LO0 mle LOC mle
enzyme enzyme enzyme enzyne
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TABLE IX

A COMBARISON OF THE DEGREE OF HYDROLYSIS OF PHOSPHATHE ESTHRS

BY RED CELL PHOSFHATASE BEFORE AED‘&F“ER DIALYSI&

Subatrate ) Undia lyzed Dialyzed
: Red cell Red cell
- Phosphatase Fhosphetase

thenyl phosphate , {1.0600) ) iisDOO)
Alphae-glycerophosphate 0-070 | QQO&O#
Beta-glycerophospha te 0-002 0001
Gluco se=l=phos phate 0-012 09@17
Glucose=6=phos phate 0,058 0,062
Frﬁetese-ﬁéphosphate | 0038 0,033

Note: Results are expressed as percentages of the phenyl phosphate

hydrolysis under the respective eqnditions of dialyzed

ard undialyzed enzyme .
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5. Effect of Cyanide

Introductoxy

The addition of cyanide has been fourd to inhibit
meny enzyme reactions, the most merked imhibition being
on those enzymes conteining iron and coppere Roche 113465
ard Abul-Fadl and Kirg (1949) investigated the effect of
- 0e0L molax eyani&e upen.différenﬁ phog phatases. In those
alkaline phosphatages which contained megresium as a |
prosthétic group, they found inhibition, but the acid
phogpha tases were ngt;significaatly affecteds

It was deoided %o test the effect of 001 and
Osl molar oyamide upon the acid phos pha tases of semen and
red cellse The so=called “respirétofy éﬁzymes“yaré ine
hibited by oyanide and it was desired o ascertain if their
inhibition would have any effect upon the degree of
hydrolysis of phosphate esters by the acid phosphatases.

Method

'Ogeé'and Oe4 molar sodium cyanide were prepareds
2 mle of cyanide was a8dded to the substrate~buffer mixzture
before unilibratiQQJ"ThiS gave final e&ﬁcénﬁration of
0.0l and 0.1M oyanide. Other tests were rUn simultaneously
in which the cyanide wes replaced by 2 mle of watere Other

details of the method remined aachanged.




Rasults

The effests of cyanide upon seminal fluid phosphatase
and red ocell phosphetase and their action upon éiffsxen@
substrates are shown in Table X seminsl fluid phosphatase
was investigated in 0.QL and Q.1 molar concentrations, but
the red eell phosphatase was investigated iﬁ,ﬁhe strongerx
concentration only. In the Table, the word "nil" indicates

the complete absence of enzymic activitys

Disenegiocn

Table £ shows that 001 molar eyanide hag little
effect upon the hydrolysis of the phosphate esters apart
from the hexose diphosphates The hydrolysis of hexose die
phosphate is activated one-andéonevha&f timess It is in-
teresting to note that Gomori {(1243) found 2 specific hexose
diphogphatase in intestinal nmucosa, which, he reported, was
activated by cyanides

Table £ also shows that in every instance, phosphatase
activity was completely inhibited by the presence of 0.1 molex
eyanides Therefore it seems probable that there is sone
critical e@nceﬂtfatian.a% which the enzymic activity is com=

pletely destroyeds Roche (1946) used the fact that acid

phosphatase activity was not &eétreya& by 0.0l moliax gyanide

to lend ecredence to the belief that metallic prosthetie

groups 8re absent.
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EFFECT OF CYANIDE ON THE HYDROLYSIS OF PHOSPHATE BSTERS BY SEMIMAT FLUID PHOSTHA TA SE

mnwm@wmd@

phenyl wwomwwmw@‘

glucoge -1~
phosphate

glucose-6—
phos phate

fructose-6—
phospha te

hexose
diphogphate

ﬂmeWMﬂ

AND RED!CELL FHOSPHATASE

Seminal Fluld Phosphatase

Hormal

LeQ00
0317

0el139

00282

00335

0s0L Molax
Cyanide

090
00304
0. 187
0861

QedB L

Osl Molar
Cyanide

nil

nil

nil

nil

nil

wcaaaw,

LeQ
0015

0062
0069

0087

Red Cell Phosphatase

Oel MNolar
Cyanide

nil

nil

nil

nil

nil




6e Interconversion of the Glucose Fhosghates

Introductory

Broh~Kahn, Wirsky, Persutti and Braml (1948),
g8tudied the acticn of liver phogphatase on hexose phos phatess
They raycrtaa that when glucose-l—phosphate was incubated
with liver elices, it was ryopidly converted into glucoge 6
phos pha tes The gluco se-6-phos phate was the converted into
free phosphate and gl&eoaee’~§h@ latter reaction proceeded
at a maehis;@wer velocitye

Sigﬁe geminal flui& and red cell phosphatases have
both been assigned some glycolytic activity by various
workers, {as noted in the historical sections on these gn=
zymes)y it seemed important to determine whether glycolytic
anzymés were affecting the results of the phosphatsse
studies. Glycolytic emngymes sould affect the smount of
phosphate being liberated and hence alber the value of

the phosphatase activity as debermined.

Experimental

The gunantitative determination of the
glucose phosphates in the presence of each other is baged

upon their different rates of hydrolysis inm 1L N BCL at

100% g, Glucose-l-phosphate ig labile and is fﬁLLg hydrolyzed




by 1 N HGL at 100° Gs within 7 minutes, while glncose-6=
@hssgpha‘té ‘is not attacked unier the sane e@naiﬁiegaa The
total phosphate in any mixbture can be estimated after 2
preliminary "wet ashing® with 70% perchloric acid until the
organic metter has been destroyeds The inorgenic ér unbourd
vhosphate can be estimmted in the ususl way, i.e, the free
vhosphate in the blsnke.

It was established quelitatively with Seliwancffrg
reagant that no fructose was formed when either glucose=l=
vhosphate or gin@osa~6~§hasyhat@ was incubated with sewinal
fluid or red cell phasghatases.

Therefore the distributicn of the total phosphate

would be as Tfollows:

total phosphate ¢ glucose=l=phosphate y&agyglac@sevéu
| phosphate plus inorganic phogphate.
If, ¥4 represents the total phosphate,
Py represents the phosphate after hydrolysis with 1 N
HCLl at 100¢ C. for 7 minutes, and, |

By represents the inorganic phos phate,

thens glucose=l-phosphate = Iy = By, and,

glucoge=6=phosphate = Pt = ?79
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Method imvﬁ@tail

Total phosphate was determined as followse

1 ml'aliquoﬁs of the incubated and blank enzyme solutions
were transferred teo l&'mlo volumetric flaskse 1.2 ml. of
?Gﬁ'perahlarie acid were added to the flasks, which were

then heated on a hot plate until the dark colour disappearede
Sometimes it was necessary to 2dd 1 = 2 drops 30% hydrogen
pe:@xiﬁe to facilitate the oxidation of the organic matter.
Upon completitn of the oxidation, the phosphate was estimated
in the usual manner. |

inorganic phosphate was estimated by measuring

the amount of fres phosphate in the incubated and blank
enzyme solutions.

In estimting the Py, 1 mle of the filtrate

wag transferred to a 1B mle volumetric flask, and then 1
mle of &8 N HCL added. This mixture was placed in a beaker
of boiling watex for exaetlg 7 minutes, eooled, anﬁ the

inorganic pﬂosphate egtinme teds
Resalts

The results of a series of tests in which
either gluco se-l-phosphate or glucese-6-phosphate were ine

cubated with seminal fluid and red cell phosphstases are given

“in Table XI.
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the difference betwesen the Py 813 Py values
will give the amount of glucose-l-phosphate presente The
difference between the ¥, and the Py values will givé the
amount of glucose«6-phosphate preseunt. If any glusose-6&-
phosphate can be losated in those tests whexre glucose-1-
phosphate was incubated, this will be evidence of phospho=-
glucomutage activitye GConversely, the presence of glucose-
l-phosphate in those mixtures whose arigiaél substrate was
glucose-6-phogsphate would similarly indicete glucomutass
activitye : |

If the Py and Py ave the seme for a test,
then no glueese—é«yhesyhatefis presente If the Py and Eg

are the same , then glucose-l-phosphate ig absent.

" Pigeugsgion

Table XI shows that the Pt and Py are identical

when glucose-1l-phos phate is incubated with either seminal

fluid or red cell phosphatases This indicates that ne
gl&cese-é-phcsﬁ&ate is present, and that all the phosphate

is pregent as either glucase~l~yh959hate oY inorgenie pho sphs tes
The EQ ig higher 1n the inoubated sampls than in the blank
ginee 1t has been hydrolyzed by the phosphztase and more
inorganic g@osg&ate ig prement. Solutiocns of seminal flunid

and red cells do not bring about the formation of gluco se -~

6-phosphate from glucose-1l-phos phates




69

The Pp amd P values for the incubated
glme&ae~5~phea§h&té are the Samae This indicates that
only glucose-5-phosphate is present and that no conversion
to gluco se=-l-phosphate has taken places Phisg ebéervatian"
applies to both red cell phosphatase and to seminal fluid
phos phatasae

The values of the P4y Py, and Py are all

slightly highez in the red cell ensyms solution used,

than in the semimal Ffluid solutiom. This ig due to the
f&ét that the level of inorgeric phosphate in the origiml
geminal fluid becomes insignificant whem diluted to 1:5C0
or greater, while that presemt in the red cells still re~-

mains appreciable since the dilution factor is merely 1:10.




TABLE XI

Qo INTERCONVERSION OF GLUCOSE PHOSTHATES
Substrate mge F per mle substrate
. w 5w ¥ mm
mw MQ 0 wq wo wd
(a) Seminal Fluid Phosphatsse
Gluco se -1~ phosphate, incubated 0089 0029 0,008 0.282 00000
,@wﬁu@m@-wx%memmbmﬁmu blank 0e29 0288 0,000 0285 0000
mwgoommxm;mSGmHSm&@. incubated 0305 0008 06002 . 0000 0303
Glucose-6-phosphate, blank 00300 0000 0,000 0000 0300
{b) Red Cell Phosphatase .
Glucose-l-phogphate, incubated 0e3L 031 0005 0305 0000
Gluco se-l-phosphate, blank 0e3L 0315 0,001 Oe 314 0000
Glucoge-6-phosphate, incubated 0325 0,013 0,013 Ce 000 0312
| Glucose-6-phos phate, blank 0e320 0.00L 0-001 0000 0319
Ft  represents the totalphosphorus contente

Fy- %QNHmww@mawﬁm the mwsaammawawwomemw@
swq represents the glucose=6=ghosphate

By




SREGTION IV
SUMMARY OF THE FXPERIVENTAT WORK ON SEMIFAT FLUID AND REID GELL

THOSFHATASES

Le EE Optima

Both enzyme systems wer¥e Tested to determine the pH
optima with respect to phenyl phosphate, the glycerophosphstes,
and the hexXose phosphatess pH optime were determined for the
axperimenﬁal gonditions investigated, and are listed iﬁ.@%bl@

IV on page 43.

2o Rates of Hydrolyegis

The rates of hydrolysis, (with phenyl @hosgmaée s 1)
of the glycerophosphates and the hexose phosphates were studied.
Saminal flui& phosphatase was found to attack beta-glycero-
ghesphate more readilly than alpha=glycercphaesphate, while
the opposite condition prevailed with red cell phosphatases
Seminal fluid phosphatasce exhibiﬁed @ definite gradation in
degree of attack upon the hexose phoﬁfmatesa’ ﬁhig wasgyin
dasce@ding order of attack, glucese-luyhosphgteg fructo gse=6=
phosphate, hexose diphosphate and glucose=6=phosvhates |
Seminal fluid phosphatase wes also found to have a greater
hydrolytic effect upon phosphate esters than the red cell
ph03§hataseeb Red cell phosphatasge did ﬁoﬁ bossess the sans

marked gradationm in the aegree'of hydrolysis of the hexose

bhogphatese.
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' Be ~Effé@ﬁ.effﬁyania&

The effect of cyanide on the hydrolysis of ﬁﬁéi§hosghate

ﬁers was examinedes The hydrolysis of fruectose~l, 6*&1@h035h&te
by seminal fluid phosphatase was activated by 0«0L molar cyanidee
001 molar cyanide had no appreciable effect on the hydrolysis
of the other hexos e bhospha tes by the sewminal fluid enzymss
Osl molar cyanide completely inhlblted the hydrolysis of the -
hexose phosphates with respect to both red cell ami Seminal
fluid phosphataseo

4o BEffect of Diaiysis

Both phosphatase preparations were dialyzed to see if
it would mske any change. Seminal fluid phosphatase was not
effsoted by dialysise Red eeil rhos phatase und erwent some
inaetivétion; which could not be restored by the addition of
magnesium ions nor of boiled whole bloods @h@’degree of in=-
activation was a funstion of the length of dia lysis. Red
cell phosphatase, partislly inactivated by dialysis, still

showed the same ratio with respect to phenyl phos pha te and

end the other phos phates, ag existed before dialysise




5. Interconversion of Glucose Fhos vhatese

Seminel Flvid and red cell enzyme preparations were
examwined for the presemnce of glyeolytic enzymes such ag
phosphoglucomutase, which ean catalyze the conversion of
gluco se~l-phosphate into gluco sg=b6=phogphate, or glucose=£=
bhosphate into glucose<l-phosphate. Thise reéctiog‘aﬁtaiﬂs
- an equilibrium and its direction depends upon the initial
substrate concentration. Tests in which glucose=l=phosg phate
was incubated, were foumd to contain glucoge=1=phos phate
after imgubatiens Slmilarly incubated ssamples of glucose=Be
phosphate yielded only only glucese=6-phosphatas, besides of
gourse, the liberated inorganic phosphate. Ho interconversion

of these esters took places

6s ldentity of the Enzymes

Seminal fluvid phosghatase and red cell bhosphatase exhibit
widely different pH optime for the same substrates They aleo |
exhibit different rates of hydrolysis for a séries of substrates,
and in&eéa'pcssess a different order of prefevence. Red cell
phosphatase is sensitive to dielysis while seminal fluid phose
phatase remaing unaffected. This is Ffurther evidence that the

agid phosphatases of seminal fluid and red cells are nbﬁ’identi@alg

a8 has been put forwerd by Abul<Fedl and King {1949).
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