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‘- THE CHARACTERIZATI UN OF ALKALINE PHOSPHATASE ACTIVITY IN

’/

RAT TESTES. p

.
- 3 @ - /-
«

FREDERICK S. NAGY

%

The objective of this thesis has been the‘characteriséfi@n'

———

——-.and quantitation of alkaline phoéphatase from mature and

immature “rat testes. Various testes extracts were assayed

L8

for ' activity and were ' characterised by their heat

sensitivity, extent of inhibition by various amino acids,.

‘gel ele:trophoreéis and neuraminidase treatment. The

L

testicular enzyme behaves similarly to ‘the liver-bone-
kidney ‘type.alkaline phosphatase. 7There are no significant
differences in the propertiés of the enzyme froﬁ immature

(13-day~-old) and mature animals. -
. !

Results show that the process of spermatogenaesis does

not include major changes. in the type or quantity of .

alkaline phosphatase présent in the testes, nor are there

major différentes~ in the type or quantfty of alkaline
. phosphatase noted when axtrac%gd by ;he‘Bﬁtanol-Tr@s as

éompared with the Aqueoué-Trig methods. J

iii
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~ . _SECTION-1 - INTRODUCTION - o
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. :

(1.71) STATEMENT OF OBJECTIVES -

'

- . B ¥ A ! !

~
u,

o

The' purpose of this study was threefold. First, we

N ¢

wanted to 'parfiallx charagterize the alkaiine phosphatase

-

(orthophosphoric mbndgstgr phosphohydrol ase, EqF.’B.l.S.l)

[

of rat testes., Seconéiy, we ﬁan{ed tocsee if‘ﬁhére were
s Lo ' ' ’ _:/{ v °
any devglopmental chan&Es in alkaline phosphatase type or

quandﬁty during the ' development of rat testes from infa
to adult. ~ And thirdly, we wanﬁed to cthare the results

4

obtained by using two different extraction procedures,‘ﬁbth

of whit¢h have been used by others in working with various

» . LY
- . . -
animal tissues. . . ) .7
a = * - - \
o ° @
. "~ € ,
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. L _ALKAL INE_PHOSPHATASE

[d e e TN e e T e o s v o i s v et

‘o " (2.1) DIGTRIBUTION_IN_NATURE .
»

v

- s ! - <f\\;
/ \ -
< Alkaline phogphatase is a ubiquitous enzyme, v f; widely

distributed in nature. o

Many :different speciéﬁr of bacteria synthesize alkaline

phosphatase under suitable growth conditions,/including E.

Coli. This type of alkaline phosphatdse has been

)

eéxtensively studied. |

classes of lower order animals /do not have the:

abiliiy' to lynthfsize this enzyme, but most do. Annelids,'
. L anaN

molluocs, arthropods, insects, etc., all have this

. . 1 .o
ability (1). .Malticellular plants do/ “not contain any -’

appneciablé hmounts}‘ while algae; i contrast, are’ a

particularly rich sourcez ' | : y

¢

All ”Vertebriyes show alkaline phosphatase activity.
. L A

‘Certain adult tissues are alkékﬂne phosphatase positive in

all ‘!Pacies. \Theﬁe tissues include.the intestinal mucosa,

the skalwton, and the kidneys. :

s 5




n \

In "addition, wome tissues such as the brain and skeletal
muscle, show little alkaline phosphat ase actiQity in adult
aniqats, but- go 'through an intensely positive stage during
‘5 ‘~organ049enegis (25. I shall talk more about this aspect,

that is, developmental changes, in a ;ubSequent l;ctionL
, As a deneraliéation} we can say ‘that, at laauf in
1 maﬁmals, _alkaline ph#sﬁhatese is - most abundant in those
trssues‘ concerned with molecular éransport; i.e. am in
secretory organs and- in dgveloping tissueir'whereas|it is
~ ' mostay absent /i:ga‘“mugcle,’—mature conﬁectlva tinsuesw,

cartilage and red blood cells (3).

1
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' cirbohydrﬁte at all. = o ,

-4~

(2.2) STRUCTURE

——— o € e e

N

-}

* Tha amino acid compélition of several different alkaline

phosphatases is presented in Table.1.

-

1t is 1nteresting to note that there {s a great

similarity in amino acid’ composition between two quite

dissimilar mammalian tissues suck as swine kidney and human

placenta. Even when the comparison is made between E. Coli
alkaline Qhosgh?tase and a maamaliaﬁ alkaline phosphdtase
the simflarityﬂis still very recognisable (4).

i
Recently, a large group .0f workeérs has succeeded in

determining the complete amino adid sequence of E. Coli

o

alkaline phosphatase (95). Se@ Figure 1. Moreover, the

amino -acid sequence arouﬁd the -enzymatically active site
. ‘

has been worked .out . for a number of species. , This is

presenied ,1n‘Table 2. ~Again there is a st}iking similarity

in sequence to be observed even with very dissimilar
® - ~ 7 . ‘

R .
species (4),
The intact protafﬁ contains approximately twenty percent

carbohydr ate ' including -, sialic acid, neutral hexoses,

[y

glucosamine and galactosamine. The amounts and. types vary

from species to species, and even from tissue to tissue

. i ( .
within a species. Some, such as E. Coli do not contain any



TABLE 1

% Amino_Acid Composition of alkaline phosphatase from _various
sources :

(4)

Swine Human

Amino Acid . E. Coli Kidney Elacenta

Lysiﬁe ¢

" Histidine
Arginine
Aspartic acid , 1
Threonine 1
Serine
Glutamic acid kK - 1
Proline '
Glycine 1
Alanine ) 1
Cystine
Valine
Methionine
Isoleucine
Leucine
Plie-Alanine
Tyrosine
“Tryptophan
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Total Residues/ ese 1144 1086:
molecule

Assumed mol.’ . B9wew - 156009 125000
weight -
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250
Aln-Sex-Leu-Asn-Sur-Val-Thr-Glu-Ala-Asn-Gln-Gln-Lys-Pro-Leu~LQU¢Gly-Leu-Phe-Ala—

-6~
FIGURE 1
-Amino_acid_segquence_for E. Coli
-alkaline phosphatase (5)
4
) ?

10 20
Thr-Pro-GlusMet-Pro-val~Leu-Glu-Asn~Arg~Ala-Ala-Gln-Gly-Asn~1le- Thn Ala- Pro-Gly-

30 40
Gly-Ala~-Arg-Asg~-Leu~Thr-Gly-Asp-Gln-Thr~Ala-Ala-Leu-Arg-Asn-Ser-Leu-Ser-AsprLys-

4

60

- Pro-Ala-Lys-Asn-Ile-1lle-Leu=-Leu~ XIQ-Gly-Asp-Gly-Met Gly-Asp-Scr-Glu-Tle-Thr-Ala-

4

80
Ala-Arg-Asn-Tyr=-Ala-Glu-Cly-Ala- Cly-Gly =Phe-Phe-lys~Gly-Ile-Asp-Ala-Leu-Pro-Leu-

8 90 * 100
Thr-Cly-G]n-Tyr-Thr-Hxs Tyr-Ala- Leu-Asn-Lys-Lys-Thr-P)y Lys~ Pro-Asp-Tyr-Va) =Thr-

ro - 120
Asp-Ser-Ala-Ala- Ser-Ala-Thr-Ala-Trp-Ser-Thr-Gly-Va}-Lys-Thr~xyr -Asn-Gly~-Ala-Lcu-

' 130 ’ 140
Gly-Val~Asp-llc-Hi8~Glu-Lys-Asp-His-Pro>Thr- Ile-Leu-Glu-Het Ala- Lys -Ala-Ala-Gly~

150 160
Leu-Ala-Thr-Gly-Asn~Val-Ser~Thr-Ala-Glu~Leu- Gln-Asp-A]a-Tﬁr Pro-Ala-Ala-Lecu-val-

180
Ala-His-Val-Thr-Ser-Arg- Lys-Cys-Tyr-cly Pro-Ser-lla-Thr-Ser-Gln-Lys-Cys-Pro-Gly-

190 200
Adn-Ala- Leu-clu-Lys-Gly-Gly-Lya-cly-Ser-rle-Thr-Glu Gin-Leu~Leu-Asn-Ala-Arg-Ala-

210 220
Alp-Val-Thr-Leu-Gly-Gly-Gly-Ala-Lys-Thr-Phe-Ala-Glu-Thr-Ala~Thr-A1a-cly-Glu-Ttp-

230 ! 240
Gln-cly-Lyl-Thr-Lequrg-G!u-Gln-Ala-Gln—Ala-Arg-Gly-Tyr-Gln~Leu-Val -Ser-Asp-Ala-

260
270 2E0
Alp-Gly-Aln-Het-Pro-Val-Arngrp-Leu-Gly-P:o-Lys-Ala-Thr—Tyr-Hxs-cly-Asn-Ile-Asp-

290 300
Lyl:Pro-A}i-Val-Thr-Cys-Thr-Pro-Asn-Pro-cln-Arg-Asn-Asp-Ser-Vaerro-Thr-Leu-Ala-

)
310 320
Gln-ﬂet-Thr-Alp-Lyl-Ala-lle-Glu-Leu-Leu-SQr-Lys-Asn-Glu-Lys-Gly PHe-Phe—Leu-Gin-

330 ) 340
Vll-Glu-Gly-Ala-Serolle-hlp-Lys-Gln-Alp-HXs-Ala-Ala-Asn-Pro~Cys—cly-cln-I)e-Gly-
350 ' 360+
Glu-Thr-Val-Asp-Lcu-Alp-Clu-Aln-Val-Gln-Arg-Ala-Leu-Glu-Phe-Ala-Lys-Lys-Glu-Cly-
370 - g 180

Ain-Thr-Leu-Val -1le-Val-Thr-Ala-Agp-His-Ala-His-Ala-Ser-Gln-1le-vVal-Ala-Pro-Asp~
Lt 390 400
Thr-Lyn-hli-Pro—Gly-Leu-Tht-Gln-Ala-Leu-Asn-Thr-Lys-Asp—Gly~Ala-Val =!let-Val-tlet-

[ 3
410 420

Ser-Tyr-Gly—Ann-Ser-Glu-G)u-Alp-Ser-Gln-hlu-Hxs-rﬁr-cly-Sex~G;n-Lcu-hr; ~Ile-Ala-

W
€ ) 440
A)l-Tyr-Gly-P;;;ktn-Ala-Ala-Aun-VAl-Val-61y-Leu-Thr-Asp-é‘n~Thz—Asp-Leu-Phe-Tyr—

) 449 . :
Thr~Met-Lys-Ala-Ala-Leu-Gly-lLeu~Lys '

<



TABLE 2

Amino_acid_sequence_around_the_active site of alkaline_phosphatase.

. et O T A S S T Mt ) G WS O PR G M G e e Sl e W St ke A WU ey o . AL G e s Ud i gl WA D L, e i e Bkt b R S e e (e W B B i i WY Gt S ot S St e S S

(4)

°

Organism Seguence

E. Coli ~Tyr-Val -Thr -Asp-Ser ~Al a~Al a-Ser—Ala

8. Marcescens : (Thr.or Ser)-Asp-Ser—Ala-

Calf Intestine ~Asp-Ser—~Al a-

Human Plaéenta ) Val-Thr—Asx—SerfAla—Ala—Ser—Ala
4\ -



(2.3)  METAL_CONTENT

v } >
There ig considerable and conclusive evidence that zinc

is an 'integral component of alkaline phosphatase and that
it ~absolutely essential for enzymatic activity. Zinc
has been consistently found in pure enzymes from a variety
of sources (6). E. Coli alkaline phosphatase contains four
zinc atoms (7).“ ( .
It has been postulated that zinc may hove a role in the
binding of substrate and that it may aot to provide the
enzyhe with . the proper conformation, or to enhanc
conformétional astability (8). Simpson and‘ Vallee’/49)

/ Coli

showed that two of the four zinc atoms of the E
alkaline phosphatgse are vrapidly removed by sﬂelating

igents. and enzymatic activity is lost. The ot:jy’two atoms

are only removed salowly over a period of/ twenty—four-

hoors. Conversely, apoenzymesto which onlx/éwo gram—atoms

of zinc has been added is nearly as effecti&e*enzymatically

/

/

as the native enzyme supporting the view that only two zinc
//

atoms related ¢to functionality. arg/'locatgd in an area

accessible to the surrounding environment, i.e. on the

o

sur face of the molecule, wheneés the other two dight be

buried in the folds of the molecule and may serve in

’
stabilizing its structure. ../

i

/




Various authors have reported an activator etfe

Magnesium on alkaline phosphatase although the magni tude of:

ttiis effect véries with the source of the enzyme (ib, 1.
As aﬁ example, of five tissues of the rat investigated by

Fickering, only the- intestinal extracts showed greatly
s ) ,

-~
Lt

increased alkaline phosphatase actiVity with' added Mg
(12). * In the case of the E. Coli enz?ma, magnesium alonae

doe;f not confer catalytic activity, but it does influence
/ o .

ig/ if zinc 1is present. If the enzyme contains'on§§ two

+

gram—atoms of zinc, magnesidm enhances activity S-fold. In

3

" the .case .of 4-In phosphatase the addition of Mg increases

activity 1.4~fald (13).
. .
udy of the é{fect of various divalent metal ions on

alkaline phosphatase apoenzyme has been published by Simon

% .Sutherland (i4). This is shown in Table 3. Zinc was

. most effective 1in restoring the activity of EDTA-treated

t
alkaline phosphatase from rat livers, while a combination

of Zn' and Mg was needed to restore full activity. Qther
divalent cations also had Lome activating effect. These

findings ‘influenced the composition of our alkaline

phosphatase assays.

.
P



3

-alkaline p
Preparation ________ Addition, Cumol/1) ___ (% ¢
Control - . - Nore
EDTA-Treated None i
. "0'2 - -
EDTA~Treated -- in (10) R
+2
" in (2%
+2
" In  (50)
42
" in  (100)
SRS, :
" Mg (S000)
T2 .
" Mg (7500)
+2
" Mg (10000)
+2
" Mg (25000)
2
" In (25) + Mg (7500)
- +2 +2
" > Zn . (285) + Mg
+2 +2
oM Zn  (25) + Mg (25000)
- +2
}
+2 . o
" In (25) + Cu (10000}
+2 . +2
"5 . In (25) + Mn (10000)
+2 +2
" In ‘(25) + Ca (10000)
+2. +2 _
" Zn. (25) + Co ,(10000)
- ;5

\

L

-10-"

TABLE 3

.y

51
29
15

20

24

. 23

22

88

(10000) - 100

81

11
56

66

o ot i K s o e e e S S P Gty (e S A ST s e M) s i G St SO S Gy P G SO S

_Metal activation of membrane—bound, EDTA-treated,
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(2.4> ' SUBUNLT_STRUCTURE

bl

N [

Several authors havg demonstrated that alkaline

phosphatase {is made up of subunits. Using sucro:t—dcnsity’

\ . oo
gradient centrifugation, Ghosh & Fishman (15 reported two

molecular weight variants of 70,000 and 240,000 daltons
QErived from human placenta. The higher molecular weigﬁt
variant converted to theﬁlower mdlgéular weight variant by
storage. Harkness . (16) wused highspeed j%ﬁilfbrium
centri fugation to Qcalcu;ate a molecular weight-of“IZS,OOO
from ¢the same'enzxme source. Nakasaki (17) reﬁbrted Qalues
of 11q,ooo .and.220,600 for enzyme from rat livers by means
of Sephade}_G—2OO gel filtration. This data indicates that
glkaline, phospﬁatase exi;ts as a ﬁonomer, dinfer, and
tet;amér.

This is supported by data,(ie) from studies on E. Coli.
This enzyme is repof;ed‘to pe a dimer of molecular d.ight
ofA 86,000. Moreover, isolated alkaline phosphatace dimers,
wynder the ;1bht conditions do associate to fgrm totra@cri
vhich are eniymatically: active., This association |is

accompanied by a change.in conformation (19).

z C

-

s i:\

\



(2.5) ACTION OF ALKALINE PHOSPHATASE

o o e s S s et S iy e SO R . G P P G e A A S ey A S S G e D S /
T

L4 E

Alkdliné'phosphatase acts as a hyarolase, tieaving the P-
0 bond.- 1t .can alao act as a phosghotransferase whereby
the!‘phosphoryl gfoﬁﬁ‘is transferred to an écceptor molecdfe
without the appéérancéuof inorganic phosphgte.
In . addiﬁf;n' to the P-0-C bond, the following ones are
also split by alkaline phosphatase: P-F, P-0-P, and P-N.
~ Concerning the sfructural requ{rements of fhe. acceptor
v molec&les concerned in these tr#ﬁsfgr reactions, thére is a
necessity for R-OH whgre R isH or an alkyl substituent.

e
: PR,
.The outline of the reaction is as 3ollows:

b} N
' ,{L

¥ ’

U AR R
N .
EH + ROI"=O ".:; EH ',P\~OR ‘._—_; E-F'*"'O' + ROH ’ . '
. . ) . 3 '
o o0 (o {
b
- _ ] |'+H10
, Q | 2 |
e Pl ——— -
EH 13‘ 0" —= EH + HOP-0 »
) . - Hd Q- . 6‘. -
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*to the enzyme. This phosphoryl-enzyme is converted

-13=

The first reaction results in the Michaelis complex
wherein « the substrate is bound to the enzyme

noncov%;gntly. This is followed by the alcohol being

Py ) - \

cleavevfgﬁhéle the phosphate group becomes covalently bound
RN ' . s

s
il

subsequently to a noncovalent’ complex by the addition of

water from which, finally, orthophosphate is released with

—

the regenération of free‘enzyme‘(4).

]

- Proposed meécHanism  for the action of dlkaline

phogphatase:-h— . ; i
¢ ] O
0 ° - n
RO RO ’ o ~
x5 S “gn2+  tu¥ o0 ,4"zn2t. B 0. Zn?t <+  ROH

. (N/ {
Hy0
Q.
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" n l'
’ O-P-OH
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This model states that one zinc atomiqnbthe enzyme binds
and neutraiizes the 'negativély charged phosphate in the
ibproaching‘ substrate, thus exposing the phosgﬁorous atom )
to nuclcoph;lic attack. A ' nearby imidazole group on the ‘
enzyme éssists in the transfér of a proton from an activei
serine to the leaving group. Tﬁis is the proton whidh is
donated to the ieaving group during thé breakdown of the '

intermediate (20). -
nedi \
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The synthesis of the polypeptide .backbonés of glyco
proteins, 'includiﬁg% alkaline phosphatase ochri on
polyribosomes within the cell. Bugars arg ad@e& after the

sgparation of the polypeptide from the ribosomes. ’Tﬁere is
R " 2 o
evidence that some sugars are, - at least 1in  part,

incorporated in the rough—éurfacéd endoplasmic reticulum. -
Recently, it has been gound that oligosaccﬁarides may be . .

pre—assembled as polyisoprenol lipid—dﬁigoéaccharide \

complexes wfth subsequent transfer” to - the growinhg

glycoprotein. \\»—\/ . ' .

Other terminal %ugars[ such .as sialic atid and others

- » Ty

are incorporatea one by ape after the“glycoptotejn has left

the endoplasmic reticulum and has entered the Golgi

i\ )
cappa?aths 615,21). : At about this time, two (or four)
1déntical polyéeptide éhai&s" dimerizé anq 1nterac€_with é'
to 4 g-atoms gf Zinc to form the active en;ymffh Where and
when . this happeﬁs is not kpowp foé mammalian systems; but

. .
Schlesinger @) has shown, by wusing C -amino acid
“ -~ ° . 14 )

) ‘incorporation, studfes, Jthat: in E. Coli, the.subuntti pass
. d | € - ’ LI

through the cell membrane and dimerize and interact with )
+2 | . T CoLe ‘ ) )
’n in the periplasmic space. . . . , N

o
. hd . 4
° ¢ +
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Final localizatidon of alkaline phosbhat;se in the ceil
after it ‘leaves the Golgi apparaéus has been studied by
electron micngscopic cytochemi;¥ry and differential
centfifugation (23,24,25,26). The conclusion drawn from
these ,studies is .that, in the majorigy.of mammalian cell
types' _stud;\g, most of the alkaline phosphatase is

}ocalised on the plasma membrane. However, thgre are also

much smaller amounts of activity with intracellular sites,

such ° as _the Golgi apparatus and the nucleus. For E. Coli,

the 'majority of the alkaline phosphatase is located in the

1

periplasmic space (27,28). ‘q, .

I 4
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(2.7) PHYSIOLOGICAL FUNCTION_ OF ALKALINE_PHOSPHATASE

There 1is no agreement, a% yet, ;;opg researchers on this
point. FolLowing‘are some(suggested functionss
hydrolysis of phosph;te esters: (29), supply of ortho-
phosphate ’ (30), supply of non-phogsphate moiety (31),
synthesis of phosphate esters ("transferase") ‘(32), and
others, some more logicgl than others.

. Walsh (33) states, vather conclusively, thét for E.

Coli, the function of alkaline phosphatase is " ... to

. provide inorganic phosphate for the cell and to render the

remainder  of the substrate molecule more lipophilic for its

passage across the bacteria) cytoplasmic membrane into the
. * !

::Ell. " ~
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As is, the case with many other .enzymes, alkalineq

phosphatase occurs as a‘ number of élight}; differen;

" ¥

isozymes, and different ones occur in different tissues,
the best chawacter}se& being those obtained from placenta
(34), intestine, and a sofchLled liver—bone-kidney ﬁype

(7).

A

~ngeﬁai lines of evidence - are available +for the

\ t
assumption that there are a minimum of three separate

structural loci which are -concerned with determining the

protein portion of the different alkaline phosphatase
Pl s =, .
isozymes, one which codes for the placental enzyme, another:

"> .far  the intestinal_ form - and. at least one locus for the

.
v

liver-bone-kidney type -(35).0 For example, the mutant gene
which causes. the rare rece%sivg disease hypophosphatasia
results in a drogs deficiency of liver, bone, and kidnéy

alkaline ' phosphatase, but does not affe&t the intestinal or

" placental enzymes (36). As well,’ purified placental and

-

liver enzymes differ in their amino acid.cnmposifion’and in
their:w amino-terminal amino acid sequences. They are alsa
shown to have very different peptide maﬁs (37).. a.

»
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Hypophosphatasia 'islfaccompanfed by the appegran&u of

large qdantiﬁies of phosphoryl-ethanoclamine in the urine.

i

This- suggests that fhis substance builds up because of the

¢

v - .

lack of phosphatase and as 'a corollary, that

“phosphoﬁylgthanolamine might be one of the naturally-

occurring\substrates for alkaline phosphatase (36).
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(2.9

DIFFERENTIATION OF ISOZYMES

Even though it may not be true that in vitro alkaline

phosphatase behaves © the same Nay'as in vivo, it haé been

k.4 —_
shown to be possible to differentiate the various alkaline

phosphatase isozymes isolated fﬁom différent tissues of the

g
body - by the employment of various techniques. These

. -

include their sensitivity to heat inactivation, fhe use of
. . ]

-

a gombination ot

specific inhibitors, as well as

e}ectrophqrétic techniques (3é,39,4ﬁ).~‘

o
1




. . (2.10) AMINO ACIDS

5

i

The amino- acids L-phenylalanine and L-homoarginine areg

kY

of. great value in the differentiation of these isozymes

since " tpeyf have been shown to be organ-specific inhibitors

(7).

The results 6f a number of workers‘are presented below.

Their work has demonstrated that, in humans and rats, the

intestinal and placental forms of the eniyme aré sensitive

to L-phenylalanine inhibition (1@,42,41).

4

s o
Tissue "™ % iphibition
intestine ' T %
] liver o 8%
bone , b 19 %
placentd 79 %

Ffshman_ (43) who has d?ne.a lot of the ground—bre;king
work in this area, has also tried D*phenyla;anfne, but this
i somer ha& no inhibitory efféct on  any human extracts.

» There seéms, ﬁhérefore, to be a type ofhdoublé specificity;
one originating with the‘ tissue’ Qource of the glkaline

phosphatase and * tHe other due only to the isomeric farm of

phenylalanine.' o

?

] .
v * ’ ' ¢ _}
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- L—Homoaﬁginiﬁe, ‘however sbecifically inﬁibits the livgr—
- bhone-kidney isozyme (44). |
a Byers (45) studied the enzyme—-inhibitor complex. By
using fa rapid mixing and quenching technique thét measureﬁ
phosphoryl-enzyme, he showed that L-,..c..,.alanine bound
exclusively and - instantaneously " to the phosphoryl
phosphatéﬁe to form a stable compound that could not be
reacdily dephosphorylated. - In the absence of L-
phenylalaning, the steady-state concentration of phosporyl-
phosphatase was Qapproximately'zeru.’ But at a pH ='9.@ and
L-phenylalanine concentratfon of S5 mM, 'over 8 % of the
total enzyﬁe‘was present as phosphoryl phosphétase. |
fhese results suggest that there is é'unique difference
{n ‘the nature (o: conformation) of the ;atalytic site of
the intestinal and placental enzyme caompared to the ;ités
of alkaline bhosphatase prepared from other tissues.
Various  workers, havé shown that ‘rat tissue. alkaline
phosphatgses behavé very similarly to human tissue extracts

when incubated with L-phenylalanine; that is, intestinal

enzyme- is inhibited the gredtest, while kidney, bone and

T

liver extracts were affected much less, with éidney being

the least affected (11,43,46).
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y . Further work by Fishman (47), and Lin (48) shoWed that L-

Homoargininé was a strong inhibitor of human bone and 1iver )

alkaline phosphatase (73 % of original activity being lost).

while having ' virtually no effect on the placental or

intestinal isozymes (45).

Intestine
liver
. bone

placekta

4

%
%
%

%

%_lnhibition

\#
Dthers showed that these results were true with a number
of mammals includind the rat (11), mouse and dog. See also
Table 4.
B )



TABLE 4

‘_Lnbigluég_ei_hgéen_elkgliné_Ebegehézéégézslgxﬁ;ﬁl

e e Liver________Bone ______Intestine ____ Placenta
) \
Inhibition by ' 0 - 10 o - 10 75 - 80 75 - 80
L-Phe. in % a) - - : . .
Inhibition by . 78 78 5 .5
L-Har.in % b - : o
Heat inactivation S0 - 70 90, -~ 100 S50 - 60 ° 0-5
in % 3
A

) .0.0005 M L~Phenylalanine in the assay.
b) 8 mM L-Homoarginine in the assay . »

¢) Heated for 10 minutes at 56 degrees C.

.‘L\
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. (2.11> HEAT_INACTIVATION

-

Aquéops extracts of various human tissues were heated at

S5 degrees [ by Moss (50) who  used it to'distinguish

~—

isozymes.’ The treatment time .required to lose S0% of

initial 'activity was recordeq. Resultsl antcated an
;;preciable difference in heat—lability among the different
isnzymes. The bone enzyme was the most heat—labtle[ losing
50% of activity ﬁafter eight minutgs. By cqﬁ}fﬁst. liver,
kidney * and inteétidﬁl extracts were much less heat
sensitive, losing 5O0Z of activity in eiﬁhteen, twelve and
fi fteen minutes respectivelQA* |

ﬂumerous invest&gators' have examined various ra€ tissue
extracts (11,46,49,51). Tﬁé"bone, kidney and liver isozyme
is’ greatfy 'inactivated by heat treatment at 55 degrees C
for 15-30 minutes I(BS - 100% deactivétion);iwhereas the
intéétinal form is chh less affected (35 % deactivation).

It is of interest to note that, whereas in all mammalian

species' investigated, except the human, the placental

isozyme behaves like the liver—bgne-kidney variety upon

. heat treatment, the human placental isozyme is unique in

having an - incredible resistance to heat denaturation.- 36

degrees C for 30 minutes resulted in only 0 - 2% loss of

n

activity (51).
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(2.12) ELECTROPHORESIS . -

L ro ) &
' t

Polyacrylamide gel eleétraphoresis in alkaline
phosphatase ch;?actenisat1on was pioneered by, among

others, Kaplan F(s2) andf Allen (53}, who showed that it

’ r

couﬂu be used to di;ttn@dish between liver, bone, placental
and intestinal alkaline ﬁhosphatase'in human sera. Sinée

then, it has been widely used for the separation of

.
diffarént phosphatases from a variety of sources (49,54).

-

Interpretation of eléctrophoratic results is ngt however

without possible ‘pitfalls. Even .wiéh the most careful

v ¢ .

treatments one can yget uﬁexpected results. These may even

prove to be repeatable. It may be difficult to decide
i T

whether one’ is dealing with true structural differences or
wi th ‘changes, that occurre& during quificatinn prdtedufes
\iggl;; A minor welestroph?retic bandl which " one might be
tempted to call an artifact could well result ~from
molegular heterogeneity, whilel bénds with app;eciable
.‘activity may represent molecular aggregates whiéh, with
time, may break down to subunits.showing greater mobility

P

and a net increase in activity (S6).

Fad



-, -27-
As an example, various authors (57,58) have reported:
%Hat alkaline phosphatases from human tissues show bands
with enzymatic activity near the origin. ! s . .
Moss (59) hpothésized that alkaline phosphatase can exist

in  the form of a heavx lipoprotein compliex, which was
responsible for this glowrmoving band: 'ﬂalker (573 agreed
with him;» Kaplan (52) reported that in most but not all of .
his experiments, he had a narrow band ‘of intense activity
ve;§ closé to the origin for which, at first, he could
apply no.reasds. 'Later work showed it could be ascribed to
a Fomplex formed with lipoproteins. See figure 2.

In the experipent performed by Moss (50), the author
ascribed the slow-moving .minor bands ' to eithér enzyme
aggregates, environmental factors, or attéchment of the
alkaline phosphatase to some other protein fr;ctionsi'fn
this case probably a”Iiboprotein. Freezing and thawing’ of
this section, followed by extraction and re-electrophore?is

fractionated \the slow band into a portion with the original

~

1 *

R Y

s
Uy
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Cornisﬁ, as well ‘as Eaton and Moss, stated that despite

3

o intensive "purificatigh procedures, some alkaline

phosphatases failed to produce sharply delineated bands

(60,61). ° )

After having stated all of the above, it is nevek&heless

true that researchers have demonstrated that polyacrylamide

gel electrophoresis is a valuable tool in identifying the
. N v M s ;
various isozymes of alkaline phosphatase. F>:7~\“

.
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. . FIGURE 2.
R . & S \ -
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L Electrophoresis_patterns_of_alkaline éhosghatise

obtained from_human_organ_sources (350)
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’ An additional experiment which may 'be perfonmed in
con{yhctién ;ith elec@?ophoresis is pretreatmenﬁ of the
enzyhe wité nedraminidase. This proceduré was intrgduced
'by prg;son ;nd Pierce (ei). This technique, which
seleétively ;émoves‘ sialic acid (neuraminic acid), yesidué
fnom' (blyéop#oteins will be described in the Methods
sectibn.'

Néuraqinidése has been used in a further attempt to
identify  alkaline phosphatqge isozymes pypeé, by @éasuring

the retardation of theivr electrophgretic mobility after

. \ E)
treatment, (removal of sialic acid decreases the net charge
A + N

3 .
Working with human tissue extracts and using S5 % qels;

on the glycoprotefn).

LY .

Smith (54) gtated . that, after,neuraminidase treatmént the
intestindl’ extréct showed - the least vretardation of

mobility. ' See Figure 3. . '

Picke¥inhg (11? also used neuraminidase during his work

with rat éissuesﬁ He reported little or no effect on the

1y

electrophore%ich mobilify ;of the in%esggnal bqnd; whereas

»

the mobility of the kidney band was reduced by 30 “.

. -

[ * - . , » ' °

L ) ) /,m‘r\ o
,
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Liver gave two bands of activity, one hq{xngwthe’i;ae

mobility as that of the bands found from other tissues and
a fasfer~moving one. Aftér neuraminidase €reatment, it
appeared that the slower—-moving band’s poéition remained
unchanged;. whereas ;be fast—movinglband was.replaénd by a
band with a mobility of only 63 %4 of that“of the slow
band. Finally, bone extraét was retarded the most: Sogii,

These results -:or'respu:und~ tp'hthe findings" from human
tissues in most }espects..

K

Additionally, one can note that Saini '(63) has sfatéd
tgat adult rat- intestinal alkaline \phosphatase does noy
contain siali¢ acid. Robinson (62) Komoda (64) have both
stated ,that the same is true for adult humah“ﬁ%tﬁstinal
alkaline phosphatase, but\ that fefal intestingi‘alkaline
ph;sphatase doeg contain ‘sialic acid. Tﬁis is an example

of a developmental change in an enzyme, about which more

will- be said later.

-
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FIGURE 3
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1: Before neuraminidase treatment

2: After neuraminidase treatment
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SPERMATOGENESIS -

(3.1) STRUCTURE OF THE TESTES

A

3

The testes of mammals is composeaﬁo$ interstit}al tissue

and seminiferous tubules. The interstitial tissue 1is

)

comnposed of Leydig Cells, blood vessélé, lymphatic

channels, and numerous mdcrophages (65).

It is, in the seminiférous tubules ;ha? the gam;tég 3
develop in several"‘layers . representing suéces;ive
generations. } These _evolve in a cyclical manner in close
symbiosis with Sertoli cells which are in contact at all

times with the gamete during its development (&&).

See Figure 4 (&67).

~

The seminiférous 'tubuléé are eﬁclased by a cample;
limiéing' memérane, also called the basement membrane. The
whole, set of seminifercus tubules with the interstitial

"tissues are énclosed~by the tunica albuginea‘(ée).
. In .mature testes, tﬁe seminiferous tubules are cam;osad
‘of Sertali cells (24 % 32 %), spermatogonia and some

primary spermatocytes (3 -~ 9 %), pachytene spermatocytes

(15 - 24 %), and spermatids (35 - S8 %) (&9).

4
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FIGURE 4
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to form.primary spermatocytes.

(3.2> THE_PROCESS_OF SPERMATOGENESIS

Sperdatogenesis \is Just one example of a biological process

A
called differentiation whereby a base atock of primary

cells go through a series o% biochemical and structural

‘

changés to finally give rise to cells which are very
different from 'the'starting stock. Another example is the

development of red blood cells from stem cells Located tn

bone marrow.

‘ .
J Tbe establ%shed concept is that the population- of -base
rellg divide; some enter the spermatogenic patﬁway of

di fferentiation and some remain as base cells to replenish

< 5

‘phé "supply. . This procéss h%s been extensively studied and

its stages are well known (70,71).

The ‘Sgration of this process in the rat takes
approximately forty déys. In  the first stage the base
st&ck of\cellsy; or gonocytes, start proliferating at about

four days of age and divide to form Type A spermatogonia.

In six-day old -animals thé Type Q spermatogoq§a“begin to

produce jnfermediéter‘spermatogonié while maintaining their

¢

‘ ow;\jbopulation. In turn the intermediate cell type gives

rise to the finél'"gonial" stage: type B spermatogonia.

. N .
In the second stage, Type.B spermatogonia differentiate

-

.

L)
-

<

n 6 )

-t

e



-Various  subphases of this meiotic satage have been

identified and -pamed Prophase - leptotene -2
pachx:ene . —=> zygontene . The pachytené- stages are
reached arOQEd age 14 - 18 days old.  The celis now divide
to form secondary spermatccytesl having twenty—-thred- pairs
of chromosomes. These now go through the second phqse of

L .
meiosis. The cells at this point contain 23 unpaired

chromosomes. The spermatocyte has by now moved away from

the basement /Tifzﬁghe Qhere spermatogonia @bntinue to

« divide.

The third stage of spermatogenesis is the developnent of

spermatids., from sécondary spermatocytes. This occurs
during days 18 -~ 21. of the cycle, and enaé in fhe
production _of speymatozoa. During this time the spermatids
go’ tﬁrough a complex series of biochemical an@ histological
changes to-assume the final form of“thé_spenmatozoa'(72).‘
0f- course, in the adult animal, all of these ﬁﬁases are

present simultaneously in the seminiferous tubules, with

¢
]

the spermatogohia at the .basement membrane, and " the
LY , :
progressively more differentiated cells at higher levels of

-

the Sertoli tell. .
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(3.3) HORMONAL _CONTROL _OF SPgénelgggNgalg

\

There is° evidence for ° the involvement of the -

gonadotrophic hormone in stimulating the growth of the

[ {

semini-ferous tubules, as well as the growth of the testes

(73>. The exact role of the pituitary-gonadotrophins isa

not at all clearly understood but "the theory is that
s L}
Follicle-Stimulating Hormone (FSH) -~ maingpins the germinal

. epithelium and Leutinizing Hofmone (LH) facilitates the

completion of spermatogenesis by gstimulating the

interstitial Leydig cells to produce testosterone (74,73).

It is generally accepted that the main source of

testosterone hormone ;S'fhe Leydig cells (76).

These androgens act df?e;tly on the tubules (77>, but it

is not known if testosterone acts directly on the germinal .

i

ceils or other «cells:  in. the testes. . Dorrington (78)
demops?rated that spermatocytes and spermatfds take up
testosterone  and (metabolize it ¢to dihydrotestpsterone,
whereas the tubules metabolize it.~t0'and¥os¥anedipl aﬁ&

androstenediol .
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As far as spermatogenesis. is cbncerneq, qfhdies indicate.
R ° ¥
that the completion o the meiotic division is under the

control of testosterone and that the final' stages of

spermdtid.maturation are dependent onm FSH (79,80).‘

v
»

J#‘
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(3.4) BIDCHEMISTRY DF SPERMATOGENESIS - §Qﬁ§_[§ﬂTuBES

‘There is_\a variety of“evidenée that‘enzyme levels ch{pge

during Sperﬁatogenesis. Some enzyme levels increase while
1

others decrease during this - process. - Similarly,

'sulfogalactoglycerolipid‘:levels in the testes of twenty—-two

-

d;y old rats increase ten-fold ever the levels found in 7 -

15 day-nld rats (81,82).

k

Experiments ~peyformed by  Millette and Bellve (83)

QEmapstrateg that a variety of new surfaﬁe antigens appeaar
in the surface membrane of pachytene primary spermatocyées
which were not tﬁere previously, but which persi;t,throggh
to mature sperm cells. i
Norkipg“with the mouse, antibodies were prepared to i)
puri{ied\ pachytene primary .spgrpatocytes, 133‘ puri fied
round spgrmatids;' iii) mi ¥% of cells ﬁfrom isolated
samini ferous tubules, and:iv) spermatozoa. Using ant;body
absorption,' immqanluorgacence;/ and 'cytotoxicity asBays,
they were ~able’ to show these- four ant@bddy preparation
showed no or very little affinity for s various somatic

cells, . nor did they label' any spermatogonia -1g

spermatocytes up to the leptotene/zygptene stage.

v

TIPS . . 1 r
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They showed strong. binding for pachytené gpermatocyteg,
\ réund spermatids and residual bodies. The implication is
that some new component; are synthesized/and insefted into
the cell membrg;e at the pachytene spermatocyte stage and
. thgt these are unique to spermaﬁbzoan\development.
Letts et al. (84) studied the” appearance and

"\
disappearance of a variety of ‘glycoprotein

glycosyltransferases .and° demonétrateé that synthesis is
active in spermatocyiﬁgg\and early spermatids, but becomes
negligible in late spermatids and sﬁermatozoa. The?
zlaimed, on the basis of hi;tological evidence, that!this - !
éecreqsg correlates with the degeneration of the Golgi
apparatus.

It is intéresting to theorizg‘ that since"the Golgi

. . [ )
apparatus in these later stageé is degenerate,  no
‘ glycqproteins can be compléted since the Golgi apparatué is
the location, as shown previously, where a "variety of
carbohydr ates are attached to polypeptide bgzkbones.

X Sper&atogonia, the least differentiated of the germinal

cells, have low levels of several enzymes whHich appear in

| . ~adarger amounts in developing spermatocytes.

' - Lactate dehydrogenase ( E.C.I1.1.1.27) designated as
LDH-X i® a- unique isozyme thus far only found in the

testes. ‘ - .

°
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It' first appears in the developing testes of~th; rat“at
approximately twenty days old - - when pachytina.
spermatocytes are being formed in the seminiferous tubules

(89).
- similar results ware founq;—for Carnitine Acetyl-
p ;
transferase, with very low levéls of activity found in

fourteen day old rats increasihg progressively until the
. N
~tHirty—fifth day, and ¢orresponding with the appearance of

A}

spermatids (85,86).

v

' : : . RN
- Levels of testicular adenyl cyciase progressi&elyc

) increased during the development of rats from 25-60 days of

A

age (85). .

- ‘A unique type of cyclic nuclectide phosphodiesterase

B A (PDE)‘begins to appear in testes at 40 days of age, and

achieves adult 1levels ,at SO days 'o;d}' Iﬁ’testes from

immature rats. (20 days old or youé;ér), only the "c' type
of‘ébE is present (BSf. ﬁ |

‘ \ - lTésticular hyaluronidase begins' to appéér“&f around

thirty—th(ee days of age and increases 400-fold reaching

its peak in 60 day old animals. This coincides with the

béginning of the development of the pro-acrosomal cap of

spermatids (85,87).

" -
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- Among 1ysosomal enzymes, Males (8}) has shown that 'B-
' glucuronidase activity is detectable only in spermatsogonia'

. , ] {
Cas well as Sertoli cells). Its specific activity is high

in the immature rat, but wit\ﬁ the appearance of
sperralLocytes, activity ' markedly declines. Acid
phosphatase is detectable in . all germinal cells, but its
specific activity is highgst"in épermatids. N

- Ismozyme | of B-galactosidase was highest in'4-.day-ol‘d
rate when only gonocyte;s and Sertoli cells are preseht.,
whereas B-galactosidase \II was hot AEteu:ted £ hrough 'Jthe
epermatocyte stage but had a 'high specific activity‘in
spermat i ds. ‘ .

- The activitiés of” 1502~y;nes I and 11 of IQ-ac\etyl—B-

glucosaminidase ' are ' high in sper matogonia .and

. N s

spermatocyteé; “then decline with the appearance of
spermat ids (89). :
All  of this data shows that- in"alcti,vely differentiating
cells, in this case germinal cells, various enzyme levels
can vary enormously with the age of the animals. Since
alka‘line phosbhatase is a glycoprotein and since the Golgi.
apparatus degenerates in lai:eh sp{ermatids :ahd Spermatoiba,,
we - decided to gee if alkaline ‘phosphatas‘e varies in’
activity " as do so many of these other enzymes. ‘We expected
%o Ilae an initial/i}E‘ése in acf:ivity_with agé, and then a

léveling off or drop in activity., . g .



Biven that
to explore

phosphatase.

-3

r
.

- E
1

there are testes—speci fic enzym

i

es‘, we wanted

this  possibility ‘as well °~ for alkaline
‘ “~
L - )
. -
- L4
. A ‘
° )
‘ A
-
-4
> 1< :
° °
(
s )
- * »
LN
Y
i . [}
- * \ & .
5 K\,\
}' . . . o
. .
g9 ¢ |
l .
3

x



i s e S e G A i U et S S RS W U PSS dhk iy o i ] St AP A S S S G Ao PR e e P (s G S U Sl S

———r s S e iy gt S i S ey e S i U e s S S e i it P

.

i) Accessory sex organs

v

The seminal vesicles and proaﬁate of the adult ;at,

as well a8 the epididymis of mice show high alkaline
pbosphatase’ activity, and this activity is hithy-depeﬁdent 1
on the continued presence of ‘testosterone (90,91,92), ,

ii) Jestes

The evidence here is often contradictory. All

ressarchers agree éﬁat alkaline phosphatase activity is i
found in both intestitial tissues and semini ferous tubules.
Démpsey (93) reported strong activity in spermatids, and
basement membrane, little in intestitia& cells of ‘r;t
testes. Hypophysectomy abolished all'activity. .
Dthefs, f%ported stroné'actiVity in basement membrane and
some a':tivi‘t‘y J” the -:yt-:pla,sq; of devel-apf.r;g germ -:el‘ng\‘

(94,95)~ Conversely, McAlpine (96) reported 1little
-, ' . )

P ”» - o
activity in the semini ferous epitheljum with strong ..

activity in primordial germ cells.

There has been, however, no gquantitative étudieé gggg on
- b *

alkaline phosphatase activity in rat testes. We wished to *
provide this data. , —y ,
e ~ ‘ - .

. N * .
_ . . . . L4 -
PN .
- - . . 1
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o
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(4) EXTRACTION_METHODS

~ \

Our third' purpose' for this wsrk was, to compare and
contrast | the activities as well as fhé inhibition
characteristics and electrophoretic properties of
tésticular afkayiqe phosphatase obtained by a butanol
extraction and an aqueous extractiﬁﬁ method. | //f

Ahmed (397> Eompéred‘the enzyme activities of extracts of

humgn .placental alkaliné ' phosphatase obtained by aqueous

and butanol extraction. He found that the butanol extract
showed 80 % more activity. After having partially purified .
the enzyme, he proceeded to a paper electrophoresis step

which\Ademoﬁstrated that the alkaline phosphatase migrated

-~

dé a single broad band.: He is the only author { have found
who has compared thes! two extraction methods, whereas
thgrer are_ many féferé ces, of course, to either one or the
other extraction method and varicus results obtained

through them. ';

+
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- , (1> ~ MATERIALS £

Acrylémide_ and’ bis-acrylamide were purchased from BDH
‘ i

Phemxrals . lanada. p-Nitrophenyl phosphate, B—napthyl

phosph‘féTWMFast—~Vro%et—B—~$wkten~x_1QQP_L_HQmQarq1nine, L-

«\'

Phenyl a¥anine, sucrose, and bovine  serum albumin rame from

)y

~S1gma Chemical 53.'u S.A.. Neuram1n1dase was purchased froh

Boehringer Mannheim Canada. iAErqumlde and bis—acrylamide

were re—cryétallizeq before use. All other chemicals, were

of reagent grade.

¥
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(2) - METHODS ’
o .
(2.1)  LOWRY_PROTEIN_ASSAY
. | e
- 1? ’
. x -

Protein was.assayed by .the method of Lowry et al’ (98).
: .

[ 9
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(2.2) ALKALINE PHOSFHATASE ASSAY

a

Haugsamen (99). - .

8

p~Nitrophenyl phosphate, the Bubstraté, is- .split by

alkaline phosphatase to free p-nitrophenol, which, in

alkaline solution has a strong absorbance at a waQelength

of 409 nm, at which wavelength the substrate has Liftle or

L AU,

27 A

no absarption.

-

Unless otherwise stated, the reaction mixture (volume of
-

. . v .
1.4 ml) contained 5@ mM glycine buffer+:of pH 16.5, @.5 mM

MgCl and 5.8 dﬁ p-nitrophenyl phasphate. To this was
2

added ©.1 ml of the teséicular'extract/or fraction, for a
totafi volume of 1.5 mls, and immediately we}l mixed. The
initial rate of' thange of optical deﬁsity was recorded at
493 nm in a spectrophotometer equipped with a "Haake
circulating waterbath maintained at 37 degrees 6 for
approximately five minutes. Each assay was performed in,
at least, duplicafe and kas read against a blank containiﬁg

the complete reaction mixture except for the substrate.

- 2

‘'minute at 37 degrees C per gram.of tissue.

L

)

T

-
T AWy
Y

The method used was an adaptation of the method of

o

Activities are reported és uM.%grp-nitrophenol prodhced per .



1
o

L

gpecific activities are expressed as micromoles of p-

nitrophanol‘ released per minuter per milligram of protein

4

using a ‘méasured molar absorbancy of 1.90 X 10 _for p-—

L4

nitrophenol in 0.02 N NaOH, with 0.02N NébH for a blank.

_ Q See also Frajola (100) and Torriani (101).

N 2
ety




(2.3) ENIYME_ACTIVITY _EXTRACTION WITH TRIS_PLUS %
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b4
Rats were sacrificed by Jdecapitation and their testes

N rd

removed. Care was taken €0 remove their tunicae and as

much of the blood vessels ]present as possible. The
J

3
testicular tissue was now finely minced using a standard

-~ mcalpel. . This_ tissue was suspended in ten volumes of Tris

)
- buffer, 210 mM, ph 7.4, containing 1 % Triton X-100, 2mM

- MgCl and 0.025 mM ZnCl (102). This will be referred to

2 2

as Buffer A.

1

Homogenization was <carried out in a motordriven Potter—

2

ElYehJen homogenizer at 500 RPﬁ and using five strokes éf
the ‘homogenizer tube. This homogéhate'was then centri fuged
at 10,000 g for thirty minutes. . The resulting pellet was
rehomogenized in an additional five volumes of Buffer A and
recgﬁtrifuged at lb,QOO g. The pellet' was kept. The
combined , supernatants were again centvifuged at 60,409 o]
for two hours in a Beckman'centrifuge using a Ti—SO'rotor
at 25,300 rpnm. Both the pellet and thessupernatant were
retained for analysis. All operations from homogenization

onwards ware done at 4 degrees C. See figure 5.
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Pellets were made up to two ‘ml with Buffer A and hand
homogenized. The supernatang contained the solubilized
enzyme whereas the pellets conta{ned that portion of the
alkaline phosphatasg activity which Jas not- solubilized by

this treaément.

-
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-

and centri fuge

Resuspend and homogenize
——peltet—in-5-vol. Buffler_A

@

| 10,000 g for 30 min.
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FIGURE S
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(2.4) ENZYME_ACTIVITY EXTRACTION WITH_TRIS-BUTANOL

”

" The method was .a variation of the methéd of Morton (103)’

o

Sakiyama (104).

‘The pre-chopped testicular tissue was hﬁéigenized at

room ' temperature in a mixture of three volumes of n-butanol

1

and seven volumes of Tris buffer, 10 mM, pH 7.4, containing

2mM  MgCl | and 0.025 mM InCl . This will be called Buffer

2 2
"B. The homogenate was stirred at 37 degrees b for one ‘hour
o .
and overnight at 4 degrees C. "y

L

This was then centrifuged at 10,000kg‘f0f 30 minutes and

the pellet collected. The aqueous phase of the supernatant

-was centrifuged at 60,400 g for two-hours. Both the pellet

and the supernatant. were képt, as before, for analysis.
The pellets were made up to twojpls.'with Buffer A, - no

Triton, and hand homogenized.

av

The tissue from either  one adult rat or the pooled

Ifeet
s “"3;

tissues from - four litters of thirteen—day—oid rats,‘around
twenty ' animals, were used for the extracts prepared by both
types of extractiohs.

All data reported are duplicate determinations.




(2.3) POLYACRYLAMIDE DISK GEL ELECTRDPHDRESIS

Electrophoresis was'  performed an samples of the
solubilized qﬁenzyme in 6.7 % gels that werd prépabed

according to the method of Davf% (145) ., The following

changes ta his method were made: there was no stacking gel

usedy Triton X-1¢@¥ was added to the gels to give a final
concentration of #.1 %. The reservoir buffer contained; in
"addition ta the usual concentrations af Tris and glycine,

#.1 % Triton X-100, #.01 % MgCl and #.@@136 % ZnCl .
. 2 : 2

v

é _Ohkubo (1¢6), working with rat liver extracts, reported .
a logs of 80 % i;-alkal%ne pho;phatase activity if’éinc was-
not incluaed in the reservoir buffer. . Activity ' was
raestored by the addition Ef';in:. . '

The sﬁlubilized enzym? extract wés appliéﬁ as‘; solutién
of two parts of 5@ ’% sgéhose to one part of extract to

% \
which two drops of Bromphenol Blue was added as fﬁQZCator;

s

Between 15 ' and’ 250 ug of protein were applied to the gel.

4
The current used was 1.5mA/gel; the length of run .was two

hours. Q@& ‘ o i :
'~ Various dyes were tried to stain for alkaline

phosphatase activity in the.gel after electrophoresis was

complete, but the best one found was Fast Violet B.
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The buffer used was a 60mM Borate buffer of pH 9.7 which

. L] N
contained S mM MaS0O ,0.05 % B-naphthyl phosphate and 0.05 %
’ 4 . R

dye (107,108,109). The dye was added to the Q&%fer Just

bef&fe use, and 'thessolution was filtered. The gels were

. stained for 30 minutes at room temperature, then distilled:

water replaced he dye solution for twenpy-four hou;sr

after which a /final change with distilled water was made.

0

The alkaline /phosphatase activity showed up as bands of a

reddish—-copper colour.
The stained gels were scanned in a recording optiEéL

densitomqter.‘

verse s

’

Another . méthod of.-Vislalizing the position of the

alkaline phoéﬁﬁé%ése bénésmwas the use nof a combination of
p-nitfophenylphosphate and ;céc; (1%0,111). ThéT'buffgh

2.

used for this staining method contained 0.2 M tris buffer

of pH 9.0, 0.2 7% p—nitrophenylbhosphabe,’6.2 4 cacl ,.1.3

M ZnCl and 15 mM MgSO . As before, the gels were stained
a.2 4 K (‘

for 30 minutes at room temperature then distilled water was

’ . - ‘
"substituted for the staining buffer for twenty~four hours,

after which a final change with distilled water was*madé.

The activity appeared as a transient, quickly diffusing .

'yellow band, followed by the-appearance of a milky wbite»

band at the site of -activity, due to the deposition of

K

calcium phoséhate.



(2.6) NEURﬁMiNIDASE TREATMENT

¢ 1

11
> -

Neur aminidase was made up in Buffer A at the 'strength §¥

’

one percent. Another solution was also made upi identical //

////,ie/fﬁéf?f;ét Ekcggznfor the §ubtraction~of the Tritoi.
///////// The protocol Ealled‘ for the ’Lse of 1 vm. of

) Neuraminidase pe 1 mT:_*Uf~—sofub%+ﬂzedvenzyme_solutionj

P A

This mix was incubated at room te%perature for twelve

!

hours. Then it was stored at 4 degreas C for approximately.

[y
<

N e ' ¢
another ten hoﬁrs before use. The neuraminidase solutions

wvere always made‘up fresh before use (‘12,113).

+

These solutions were used for some alkaline phosphatase

0 . N

activity studies. ) . \ o .

The Néu%amin?dase—treatedv” extrg.ts' destined ’\for_
élec%rophoresis’ wére prepared ’somewhag, different}y from
-above. The changé‘\cons;sted of incubating the alkal;né—
phosghatase—neura@inidaéeﬁ mixture at 36 degreés C for two
hours,v followed by twenty hours at 4 denges C. At this
point it was used for ele:ctrophoresis.

) All electrophoresis experiments, including those

‘parfoyméa with neuraminidase were done in duplicate.

.y , L
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(2.7) INHIBITION AND AETIVATION OF ALKALINE PHOSPHAT

&

ACTIVITY

.
—

Six amino' acids inclx.(ding' L-phenylalanine and L-
Homoarginine, as well as; MgCl , ZnCl , CdCl and Urea were

2 2 2

¢ ’
their inhibitory nr‘activating effect on the various enzyme

.

extracts tested. Théy were dissolved in Buffer A at 15

a

times the‘desfred concentration in the aéﬁay. The alkaline
: ®

phosphatase 'assay was aqjusted to contain; 1.35 mls of
. " substrate buffer, #.05 mls. of enzyme extract and 9.10 mls.
of the test compound. This cpactng mixture waé well mixed

. ’ N R R
and the change in opticaf'denéity recorded, as usual, at
- P - ‘ .
- 480 nm. Results were exprgssed as % activity compared to a
control ®un concurrently withaﬁi~ adHTiT}EE. All results

. are the a\}erage ¥of duplicate experiments.

£

added to 'the standard alkafiqg phdsphatase assay to. gauge "  _ '

“



4 - B R °

In this-' test, a small amount of the solubilized enzyme
solution was incubated at 56 degrees C for various times Jb
to 90 minutes. The samples were then assayed for alkaline
phosphatase activity at 37 dggrees . Results were

expressed. as the % of activity remaining after "x" minutes

of sincubation at’ 56 degrees C, with an untreated control,‘?

. run concurrently, serving ' as the 100 % standard (46,5}).
All observations were done in duplicate. . -
#
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™
The first part of this work was concefned with
. N e
establishing xconditions for the assay and electrophoresis
. for our . extracts. For these preliminary ‘studies the

testicular tissue of wone adult rat was used. The tissue

o0 was 7omogeni;ed in Buffer A, aé well as Buffer A minus
. Triton. Thé hoﬁﬁgenate was only given a light
-centrifugatidn using an‘Ihternaticﬁ;{ Cl;nical Qent?ifuge;
Model €L at Speed 3 for five  minutes. This served to
remove large debris and the supernatant was used for

AN t

. further work.

I




(1.1> THE_EFFECT_OF TRITON_ X-100_ IN SOLUBILIZING
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[4
In the first placé we wanted to sée if the inclusion of
Triton = X-100 at 1 % in the buffer s;stem prior to’
hoéogenizatioﬁ wo&rd have any effect on enhancing alkaline
J phosphatase “activity in thg.supernatant fraction.’ St;ndard
alkaline }phdsphatase assays on both supernatants indicaﬁed
r _ that the Triton containing extract .exhibited 2:4 times the
activity of the extract containing.no Triton. The Lowry'
ﬁﬁtwein Aésay' showed little difference in protein content
- betWwen ghese two _extracts. The non-Triton extract gave a‘
valBe of S5.19 -mgs. protein per ml. of extract, and the .

sample with: Triton showed 5.48 mgs protein per ml. of

extract; a variation of only 5.6 %.

I4

U
, -
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(1.2) pH_-_EFFECT_DON_ALKALINE_PHOSPHATASE_ASSAY

S . . B S " —— o et o et S S G ot S i S s et YD S e S W S o S S S A et N S S g G G

X

The optimum pH of the alkaline phosphatase ‘agsay was
o i

determined by .varying the pH of the standard assay~from

10.1 to 10.9 in increments of 0.2.» Results are shown in

- ‘ . '

Htgure‘G. } : :
o M h

Testes . alkaline phosphatase definitely shows pH

+

LN

sensitivity.’ the highest activity was found at pH:10.85.
‘Therefore, for the balance of all further experiments this

was the' pH used.
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FIGURE 6
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2+ ’  . .
£, 3) Mg___- EFFECT_ON_ALKALINE_ASSAY
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Ed

. 2+ )
- Next, the effect of Mg concentration on the alkaline

phosphatase aésay,‘was checked. With all other variables
F .
4 o4 ,
kept constant, the Mg concentration was varied between

0,00 @M and 4,60 aM. See Figure 7. We found no

~
¥

. ' 2+
significant differences in activity with any of these Mg

concentrations.

a
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<

}hg literature sur veyed showed.tﬁhat various dyes have
dggn used as indicators of alkaline phosphatase activity on
gels (107). We wanted . to ascertain which dye would yiaid
the best results with’our éxtract. 'For this axperiment we

were now using the solubilized testicular extract from an

=3

adult rat ‘uging the Buffer A extractiﬁn and cenkritugation ‘
as desfribed.in Methods.

The dyes assayed were Fast Blue B, Fast Blue BB, Fast
Blue RR, and Fast Qiolet' B. Identical‘*quantities, of
extract were used far all experiments. Gelg'incubated with
Fast' Blue B showed no activity -at all; Fast‘Blue RR.showed
faint staining;  Fast Blue BB showed discernible but still
faint bands' of activity, but Fast Violet B gave strong
stainiqg of bands. In all cases this activity was
demoqstrated as bands of a reddish-copper colour. |

.One other method o&f visualiiing the alkaline phosphatase
activity on gels Qgg tried. This‘wés the use of the p-
nitrophenyl phosphate-CaCl' activity stain as described in

2

-

Methods.
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Identical gels stained with Fast Violet B and: the CaCl
. : . ' >

stain showed no differences in results between the two, but
since the Fast Violet B gave more permanent bands of
activity, this method was used in all ‘further work.. '

The \literature suggested that these various dyes stained

ast At e{evated temperatures such as 37 degrees C; needed
~long taining times, wup to two hoursy; and 'had to be
; per formed in the dark. We set out to see if these
rameters fif our system as well. In a series of
electroﬁhoretic éxpertments we tried various combinafions
of staining times ﬁtrom 0.5 hrs. to 21 hours; two

s/

temperatures: 20 deé(ees a'ﬁ and 37 degrees L;. and
ascertained wh?ther ordinary :indoor fluoréscent iighting

had any effect on étaining. .
‘ s fﬁe summary of this set of data‘resulted in the finding
| " that darkress vas noi a prerequisite for optimum staining,
that. staining worked equally well at 20 degrees C as at 37
degrees C, and that one half hour staining was quiée
sufficient for full staining aﬁtivity. further work was

therefore performed at 20 degrees C with one half hour

staining under regular lighting conditions. .

-
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£1.9) ENZYME KINETICS )

1 .
> o ) 4

K and \% ‘ were determined for this ‘extract. . The .
-m . max ' # )

v

resulting values were plotted in three ways. Se figures

8A, B, and -C.. The Lineweaver-Burke plot éave values 1.05

@M for K and 25.97 uM/min. for V . the Eadie-Hofstee

m max .
plpg corroborated these results qui;e well, althbuqh the ’

slope of the line could be varied; however 1 drew the best

-

fit for this plot. Using this line, K had a value.of 1.00
. > om ' S

and: Vv was 26.909 (114),
max . .
3 "’

The Qgture of the Eisenthai-Cornish—Bowdén plot is such

that unless one Obtains a perfect set of readings to plot, -
L3 .

"the values K and V ' can only be expressed as a range of
' m max ) ) ‘
values.” in ' this case, the 'values 1 obtained were the’
following: | »

K= 0.85 < 1,12 and V = 25.6 - 27.6.
m max ’

As far as the V values are concerned, I must mention
max '

v

that I was working with impure.alkaline phosphatase.
: . AN
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- . Lineweaver - Burke Plot

I/ (s)

0.182

. 0.363"

0.724

: 1.450

27907
5.814

I,

q -
.°mH.
<051 .
.063- ’
.097
OHMQ - * '
-256 R

" 'where (S) = mM

and

v

= uM/min
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Figure 8c o
ﬂwmm:nsmw -~ Cornish - Bowden Plot T
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) Co 2 - ACTIVITY STUDIES
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(2.1) STUDIES ON TOTAL EXTRACTS BEFORE CENTRIFUGATION

!
. ) .
- : " L .
. . -
\ - y '
-~ =3

Total alkaline phosphatase acti:i;)es; total protein

content per gram of wet tissue weight, as well as the
» _— . ’

. * . »y .
specific activities were calculated for samples extracted

.

by the Buffer A and Buffer B methods.

These data are presented in Table 5.l Rats .of two
s . [ 4 ’
different ages; Jjuvénile (13-day-old) and adult (195-day-

-

old) were used.

‘Results shbwe;l that ;.he testes of rats contained

substantial quant1tiés of alkaline phosphatase.

activity of ‘adult rats exceeded that of 13-day—o1d—rats by

I

adult testes was also elevated by sqme 8 %. Dvehall, total

activity, protein anq spetific activity of the ii-day-old

e

o .  were not great. : ©

, .
o - . :
¢ - ‘ A+ *

ﬁfn—rﬂ.{*vﬂ
A,
—
.

Looking at the Buffer A extracts only, the totar

some 30 %, however, the quantg:y of total protein in the

; : rat were lower than .the —adult, although the dxfferences

az



. , ﬁ;\ p
o

-7 2/ ' . \
t » ‘\\
(3 \\
o , The bgffer B ektraction methow showed bfoadly similar
' @

§
»~ . were * 1ower than comparable f1nd1ngs by the Buffer A method,

\
", as were the levels of total protein, ho‘(«ever the same

‘rat;c\as between the adult and the 133-*da%—01d rat pefsxsted.
’C')ne must q,ote though, that the dxfferences,\ 1nn any case,
' . \aur’e no‘t major, amountl'r@’o isome ‘20.—‘ 30 % and wii:hin the
. . Ustatistical deviations calculsted, Lo :

J .. The Bpecific aétivit,jes  for -both ages are .lower than
e T '

. those ' found® by the Buffer. A method, but the differencer

<

. . X /
between, the values for the.adult and infdnt rags are less.

. 5 U Im this case, t:hé di fference was only 16 e o
. e ' Compprlng th f two e/\trachon methods in terms of the

L )

’\values' obtalnéd-) fram, the crudd extract, the Buf fer Ad'

i

.ext.r_ac‘t.; shows ,h}gher ﬁotal ' actxvxhe:s, hxgher. total ’
.;rot‘e“g:ns' and ‘sl ly ;higher speci fic q-:'tlivitieg.' T[1es;~
"::ii_fifiﬁren.g‘icles" §re<%§reve%' comparatzi.vehly én;al-lf “sumd' within the
liMKes of .el'r-:'n&. A a oy ﬂ

-y R} . ‘ . ., . : ‘ N :
. } ‘;.5«%[:111293"r of _dwr.tissue from adult rats was included as
. i 1 \ - )

a  rconparative ‘tissue. and. since 'i% has been reported to

. » . contain one of Xhe majoa isoz-ymes. This sampLe showed much
. . VoL

it N N )

R much less alkaline p.osphatase an:tlvxty,‘ showed double t‘he

v, tbtal p’rotein va‘lues of testes, ari’thus lxver Speazfxc

\ . . LA ¢ .
‘ an.tievities were quite low. - . . . - o,

r "t
e

findings. The levels of total activity fm..nd fu<i"' both ages

’
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TABLE $
L) . ‘
, Gacgivie! studies i
\ J R N ‘ ) a ' '
Tissue Total Activity Total Protein ,Spec. Actjivity
(u moles/min./"’ fwkqgs/gr.tissue> (umoles/min/
_________ e——-Qre bissued [ _______________mg. protéin)
. Q »
' L4
' ‘_él_EuiiEL_ﬁ_Eﬁitégﬁ
13-day-old 5,59 + 0.92 103303 + 20.22 0.054 + 0.014
rat testes (4) " <
; " . ’ .
Adult rat 7.27 + 1.38 . 110,34 + 21.14 0.066 + 0.019 .
testes. (6) ' T . : : " i
Adult vat - 0.70 + 0.03% °, 218.80 + 30,09 0.003 + 0.000 .
liver\(Z) ' \\x e SN °
N ° o7 _B) Buffer B Extract ' . ( AL
13~-day-old 4.40 + 0.22 . £9.31 + .8.24 0.049 + 0.007 °*
rat testes (2) ] . < R ‘ ] "
‘ . L . ' + . . - A'“
Adult rat 5.3Q + 1.48 92.43 + 21.44 0.057 + 0.019
testegd (4) ; . C . , :
’ AN [ , . f
Adult rat 0.28 ¥ Y171.76 . 0.0016 /
liver (1% . . . .

~

- Numbers in

of values.

'
<
e

o 2

parentheses are the number of determinatignq for that set
. , . .
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As mentioned above, the crude extracts résdlting from the
Buffer . A and Buffer B extractions were centrifuged,,‘

resulting in two peljets, " labelled °P and P and a
’ 1 2

supernatant fraction labelled S as per Figuré 4.
J»’2

o ~

The amount of élkaline\"phesph;tasevcontaine& in these
fractions was quanﬁified‘ éQd ~compgred as &emonstréted'in
Taﬁle . At this point, it sﬁould be meﬁtioned'that, with
the Buffer B extraction method Qply;’ at éhe\énd‘?f the
*first 'centrifugatioh " step, there was, in.addﬁpion to the

pellet’ F and the supernatant S

y @ thin layer of a beige-
1 : - ’ '

1 . .

°

. .o ? :
] iight—g‘own colored, semi-soft ‘substance between the

aduedps And . butanol layers in tﬁe’tenéri%uge tube. This

. sﬁbstan;e; ,rapelléd "Semi;solid“ was collected and.anaiyzea

for botﬁ alkaline phosbhataée activigy and protein.cénégnt. NE
| ena1§si§ _of. the data in Table & thows little activity in

tﬁe pellets from the Buffer A e#tractqd ratsiof Both.ages,

A‘wiyh,rmost of th; alkaline p;;;phatase activity (70-80%)

present in/:olubilized form in the supernatant.



s

—

-

A simple analysis of the Buffer}B»extracted‘tes%és is

more problematical because of the presence of the semi-

+

o

salid.
1f we assume that this brown substance is an aggregate

of butanol—lipoprotefnfkipid—soluble‘ alkaline phosphatase,
: # |
then we can say that, ag with the Buffer A extract, most of

the alkaline phosphatase 'activity (80-35%) is present in |

the solubilized form. This assumption shbuld be valid

r

. \ \
since the large majority of particulate matter should have
” A

sedimented " in the first sedimentation ofLIO,OOOEg for thiry
minutes. - , .- ' Co
C 3

o 2 -
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13-day~old rat Pl

Yestes . Pz
g2

Adult rat testes P1
. P2
g2

.

13-day—old rat Pt
testes Pz
. Ss2
"semi*sorid"

testes Pl

P2
52

Adult rat

>+ “semi-solid"

A
S

)
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TABLE 6

O 0. 5i. ... AP A AP SRSt P P

S S5 P AR LA PP A A P

23.2 30.0
7.2 ., 13.0.,
69.6 - 87,0
14.8 - 22.0
S.4 * 10 |
9.8 65.0

- o S s T ot T et o o P St Syt G S B SO

3.4 13.0
1.4 2.0
50.9 “5 15,0
44,3 71.0
. N )
12.7 . 23.9
7.8" 3.
59.8 12.
19.7 63.

—r . v
|

Speci fic
Activity
(umoies/min/

e e e o s et S i B iy o ot P o e e

0.041 -
0.030
0.066 .

0.044
0.028
g 0.081

0.013
c.038
0.172
0.031.

0.032

. 0.160

" 0,300
01019-4/

A activiry and % protein is exp*essed ag 4 obf total act;vity and
“tot'al protein as shown in Table S., , . )

-

v
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¢2.3) RELATIVE_PROTEIN_CONTENY OF EXTRACI_FRACTIONS

—-—-.——--—-.—-——-———————.———-—-} i

P
N .

)
This data is presented in tabular form in Table 6. A
“ . .

substantial portion of the protein extra:zted by the Buffer

A method (both ages) was found in the soluble fraction (“36-
e5%). However, in the case of the Buffér‘% extracts, the

. "semi-solid" substance was found to contain.the greater .

part of the protein’ (63-71%), whereas ' the 'soluble S
. 2
fraction contained liytle:

e

- Yy
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The results in this and further sections is based on

wor k per formed with the soluble S fractions only. Ten
o . 2

h] -
e N 3 1

‘'small worganic ‘and inorganic molecules mentioned previously

in the literature wére included in alkaline phosphatase .

L

, assays ‘to gaﬁge their- inhibitory or activat{ng effect on.

’

N . .
ractivity. C - ‘ .

3
»

- The results, expressed as the % activity of a,conjiol.

-

é&mple remaining after treétment are presented in Table 7.
\ . L-Phenylalanine has Adittle inhibitory effé#t . on -

‘activity, vhereas L-Homoa;ginine' inhibits greatly. L=

. ) ’

Leycine, ' L—Isoleu, L-Leuglygly and L-Tryptophan all

. .

inhibited to a modegt degree.. h) ~' o0 ; e
, CdC1 had very 1little inhibitory effect.‘ MgCl® almost = .~
- . 1) 2 . 4. ' 2 .
. ' . S e ‘ N i |
" none, "and IZnCl was a definite activetor. ) - f
.% - R B

-~

Urea aé‘SM'had no effect either way. : ‘

There were no significant differﬁnces in inhibition and

.

. activation patéerns betweén 13-day-old and adult rats§ and- .

fmilarly little difference between the two«ﬂéxtraction T

. ) N

. ‘methods. . . o ¢
: A sample of Trat liver tissue, worked up in the same

manner Es‘ rat’' testes 'showéd, very’ similar results when
treated Qifhuthe amino acids mentioned above.

- -~
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"TABLE 7
_Inhibition_studies (in % actiQity of control) ’
Conc. Adult Rat 13-Day-01d Adult Rat
(mM) -Testes (3) Rat Testes (2) Liver - (1)
additive __________ Beo_Ba o ________ Aa___Bi__________ 8.___ B
. ¢
L~Phe. 2.5 90.0 '93.0 100.0 100.5  90.0 '§§94.0
L-Leu. 5.0 76.7. 73.3 81.0 81.9 395.0 76.0
L-Leuglygly 5.0 59.7 67.7 74.5 77.0 65.0 82.0
L=Har. 5.0 33.3 27.7 30.0 . '29.0 35.0 35:0
L-Try. 5.0 72.0 73.7 76.0  77.0 55.0 -,53.0
L-Isnleu 9.0 76.0 83.0 . 93.0 91.5 65.0 ‘/71.0
CdC1 0.1 72.0 93.0 '90.95 87.5 L m—— ———
2 . o -
MgC1l 10.0 91.5 100.5 g82.0 S0.0 ———— ————
ZinCl 1.0 105.0 116.5 v 109.5 114.5 ————— ——
2 . , v -
Urea 3000.0 95.0 106.0 100.0 104.0 ———— ———

4. = Buffer A extraction. 1

.B. = Buffer B extraction

- )

N q R : . ¢ s Lt
 Numbers in parenthesis refer to the number of different rat samples
< assayed andrthe'results averaged.

4

e

-

’
]

»

v
4

-
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(2.95) HEAY_INACTIVATION OF ALKALINE PHOSPHATASE APTIVITY

phosphatase . in vagibus human and rat tissues was used by
various “researchers to partially characterise the enzyme.
We subjected the solubilized enzyme derived from 13-day-old

and adult rats | to. heat treatment. We also compared the

i

effects of this treatment on the enzyme extracted via

Buffer A and Buffer B.

A

These various &amples were subJected to 56 degrees Cin
(

a water-bath for various lengths of time. Refer to Table

J

8. . After ten minutes at least 55 % of control activity was’

lost, and after 30 minutes, 90 % of the activity was gone,

indicatihg that this form of the énzyme is highly heat-—

» ¢

labile. : - \

o

Lo There were no differeﬁceé‘ in the raté*of inactivation

between adult and. infant sample, howevér the alka11pe

a

"phosphatase extracted by the Bu}fer B method was even more
sensitive to heat_ than tﬁat obtained by the Buffer A
L S N .method. These butanol extracts lost 98, f of act1vity after

only 10 minutesn Nxthtn this group there were no

di fferences between adult and infant extracts.

behaved very similarly compared to the adult testes sahple
regardless 'of method of extraction. . » . o .

“
- 1 ..
. 4 -

. , o

N

As mentioned above, heat treatment o f alkaline.

The atht liver sample added as a’'comparison extract .

-



-81-
- TABLE B “
-~ ' S
_Heat Treatment of Alkaline Fhosphatase h
(in %4 activity Xemaining after treatment) )
Time  Adult Rat .- 13-Day-0ld Adult rat .
(min.) Testes(3) . Rat testes(2 Liver (1)
P . S - VUV . U, B A --Bo.
0 100.0 100.0 ° 100.0. 100.0 100.00 100.0
10 32.3 2.3 ° . 32.0 0.8 . 45.0 0.0
. 2007 20.0 1.1 20,0 0.5 18.0 0.0
, 30 11.3 - 9.5 + .- -, - ~—
60 B - 0 _— 6- 0 - - A -
90 © 7.0 - 4.5 - - -—
X ; " .
A= Buffqraa Extraction . '
B = Buffer B Extraction _ ~

‘ -
o -

Numbers in parenthesis refer to the number of différent»rgt sampfes
assayed and the results averaged. °

e a
.}
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Because of the findings of Chang (115), (see Discussion)

and because we'jound at least some activity remaining after

?

90 minutes of heat treatmenﬁ of the Buffer A extract, we
decided tﬁ check if there was a second minor isozyme
present in ou; ‘Buffer A extract. The Buffer B extract
bresentgd Ao such question since 398 % of its activity as
lost after only 10 minutes. fhe enzyme from cone adult rat
was used for —this study. ,An aliquot of this was.heaﬁ—

tredted at S& degrees C for {en minutes and the loss of
Ty T B .
- activity recorded. This treated sample was now considered

as "fhe cortrol samp}e and L-Phe and L-Har were Sgperately
added to it, as deén:ribed' in Methods, and the #egree of

A
@

inhibition recorded. This data is shown in Table 9.

»
>

oResulvta,s .+ showed that the heat—treétgdv alkaline

phosphatase extracted by fhe' Buffer- A method; showed the

same inhibition pattern with L-Phe and L-Har as did the
untreated enzyme. - "
N ( . .

.

h *
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L-Phe(2.5mM)only
L—-Har (5.0mM)only
56 deégrees C for 10 min.

56 degrees C for 10 min.
+ L-Phe (2.5mM)

56 degrees b for 10 min.
+ L- Har (5.0mM)> -
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TABLE 9

”

Inhibition of_ heat-treated alkaline_ phosphatage by

oy At i vt S Sy S . S Skt Parth G Wy P ety T Boees Sy L S S N i S S WA . WS WO it el e it e S s e s e e s (o e e s e e T g

L-Phe_and L-Har_(Cin_% activity remaining after treatment)

JHeat &
Amino Acid Heat Amino °-
_____ oply _____.only ... ....6ckd _
160.0 100.0 -
90.0 —=—-—- -——
- 33.3 ——— ————
oninaieniantend 37- B 100- 0
——— - 92.0
' 2
----- SR 31.0
‘ - O
ﬁ#’fﬂ{ '
v .
f .
: o*



PHOSPHATASE _ACTIVITY

Thé soluble alkaline phosphatase activity of adult and
infant rat' testes extracted by both extraction methods was
Atreated with neuramiqjdase as described in Methods (i12)2

The ﬁreated extracts were then assayed fo; alkaline
phosphatase activity ver sus an uqﬁrgated samﬁle 'as
coqffol. ‘Results are presented in Table 10.

/,Neuraminidase_ tréatment  had . little effgct‘-on the
‘gctiyity' of eithg} the adult or infant sampies extraé@ed by
the ABuffef A method (less than 10‘2 loss of activity).
Somewhaf gdifferent ;resu1§s were observed with the sémples\

‘extracted by the Butanol method. Neursminidase deactivated

-'the Adult sample by, only 13 1/2%, however the infant sample

’

was deactivﬁteq Ey a8 %.

¢ L)
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" TABLE 10 .
' ‘ . _ o " ok
_Alkalipe_phosphatase_activity of Neuraminidase-treated extracts
_{in_%_activily remaiping after treatment) .
. 4 ' ' )
' ) Adult Rat ) Infant Rab ° "
/ Testes (2) oo Jestes (1)
A B t ; ) 5B - ~
% Attivity 93.5 86.95 90.0 62.0 ?
A= Buffer A extraction oo PR '
B = Buffer B extraction ' .
~ AW -
) i :
Numbers in parenthesis refer to the number of different rat samples
assayed and the resulis-averaged. , 'y . .
. A - ‘.; v v
[ [ ,
- * ) - -ﬁ”u
. - 3
’p . . - * .-
" Y {‘:’ X - " !
* r s oY /' T
A ’ - ' i . ula // ¢ ( A - !1
A . T T o ':5}?}'
- .0 . o 2
» , . \ .
. ~ ~
- A
. . N C
’ . -t d - -t
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The solubilized enzyme extract ' obtained by both

.

extraction methods was used for_this”study.
' Polyacrylamide disk gels were prepared, anr samples run

and stained as described, in Methods. e

’ '
Considering the Buffer A extracts first, extracts from
_aduft and 13-day-wold- rats gave extremely similar results.

See figure 9. Two bands of alkaline phosphatase activity
=

were , ohserved; a quite sharp band close to the origin and a

.

‘second, more di ffuse band, but containiﬁb more alkaline

/

*h

phosphatase, somewhat ﬂarthe; into the gel.'
Gimilarly, -tw0~'bands of activity were noted with both

the Adult and /iS—day—old rat extracts prepéred via the
Buffer B method. See Figure 10, Thesé two Banqg wvere,’

‘j moreover, in the same positions as the bands séen with the
| previous method. | However, their relatjive intensities had

reversed. The band close to thé origin was still the

sharper ogne but it alsc had most of the activity, while the

¢
sezond bapnd, which had moved further into the gel was more

di'ffuse and fainter than the corresponding band seen with\v

Y

the Buffer A extracts. ' . .
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. FIGURE 9,

Polyacrylamide’disk gel eiectréphoresis

Tris-Triton extraction method
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A = Adult rat testes extracts, not neuraminidase treated
Y

B = 13-day-old rat testes extracts,not neur, treated.
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FIGURE 10.- . -
Polyacrylamide disk gel, electrophoraesis,
- . Butanol-Tris extraktion -
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, Using the Buffer A ektrécts, one notes, See Figure 11,

i

that the Adult and 13-day-“ld . rat exfracts still shouw"quite

similar bands. There are still two bands of activity but
the mobility of both have been retarded. The majority of
the activity is still in the band further from the origip.

fhe neuradinidasg~treated Buffer B exXtracts show some

- . - Y ”'a_- v
di fferences from the-above. .See Figure 12. The infant rat

t

extract shows tuwo bands Df activity} both displaced further

towards the origin compared to the untreated samples.

9

Howevér, tﬁe baﬁd further from the origin has now become
quite faint, and the band next to the ;rigin is ve;y strong
and has hardly moved 1nto‘the gel. The treated édult,shows
only one very étronéjband, again very close to tﬁe‘origin.

There 1is perhaps a ‘hint of a second shoulder band in the

—

position where the corresponding second.band is in the 13-

’

day-old rat.

@

LN | . . /’

a2 'r
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* FIGURE 11 ’
b Polyacrylamide disk gel electrophoresis

, ‘ . Tris-Triton extract

» T T T T

A = Adult rat testes extract, neuraminidase-treated

[

- . B = 13-day-old testes extract, neuraminidase-treated.
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FIGURE 12

Polyacrylamide disk gel electrophoresis.

. Butanol-Tris extract

-

A = Adult rat testes extract, neuraminidase-treated.

B = 13-day-olq rat testes, neuraminidase~treated.
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e . This work had three purposes: v ‘
Ay 0‘
A) - T3 «characlerise the alkaling phosphatase exﬁracted
from whole rat testes. This was achieved by measuring

certain well-defined variables /sugh as total and épecific

and others;

B) To compare 'and contrgst two methods of extracting

L4 .

this enzymg activity: the agueous Tris-Triton buffer system "

used by a number of researchers (102), and the Butanonl

A ¢

system'.intfodpced by Mprton (103) and used by othera

(97,104); s : ' .

v

A

“"C) And | ‘thirdly, we /wanted to see if there were any

developmental chang in the isozymé patterns'of alkaline
. w ‘ . / :
phosphatase as th rat goes from a very immature state,

where the teste‘ contain basically only ébermatogonia, to
t ” . .
fully . mature rats, where all the stages of spermatogenesis

d - B
coexist. Thi type of comparison has only been done for

rat liver and/placentas (116), not for- testes.




The preliminary work, to determine optimum extraction
and enzyme assay conditions, was performéd'to ensure that
we would extract all or most of tha enzyme from the

tissues, and in -order not ~to leave any uncharacterised.

" This work was performed on fho extract from an adult rat

-using the Buffer A extraction method. ,

The presence of Triton X-100 in the extraction buffer

L4

significantly increased the amount of alkaline phosphatase

in the sonluble fraction. This result was expected due to
the mildly detergent action of the Triton. We wanted the

greatest pbssible concentration in the soluble fraction for

the upcoming electrophoresis experiments. !

2+

LA

' .Ou; findings indicat;a that varying Mg noncentratisn
%}om 0.0mM to 4.6mM in the alka}ine phosphatase(asséy had
no effezt on activity levels. This is consistent with the
results of Picke}ing (1, ex;minqd five different rat
tissues and 'yeportéd th;t only the intestinal extract
sh?wed greatly inc;eased alkaline phosphatase activity with

2+ .
added Mg . Simon and Sutherﬂiﬁd (13), working with rat

livers also reported little ’}ncréased\ activity of EDTA-

. 2+ ’
treated extracts with increasing Mg concentration. These

.result are not surprising biven the native presence of this

e

- \
ion 1irn a crude extract in both a free and also enzyme-bound

state. } | | :

»
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iHowevemg since "all other workers —added Mg © tn ‘their

assays, we also included a discreet amount. +

We found that the éptiﬁum pH for testes alkaline

-

phosphatese was 1#.5. This was in excellent agreemaent with

L

the optimum pH repoﬁted by Yokpta (117) and Nakasaki (16&),

. , B
both- of whom worked with rat liver extracts. Fishman ,

using various' human organ 'extracts. reported pH optima

ranging from 9.4 to 18.7, while Van Belle (43) has recorded

°

pH optima between 9.9 and 10.2 for various dog tissues. ¥

Our calculated ‘Km‘ for .testes alkaline phosphatase was

1.01  mM. This cgopares with values of 2.4 oM and 2.8mM

reported by Yakota (IM7) and Nakasaki (16&) respectively,

using raﬁ— liver extracts and p~nitro—pheny1bhosphate as

. . i -
substrate; and a value of ©.95 mM reported for rat
3 . (
intestines by Fishman (118). o -

The differences in spegific‘activity between infant and
adult rats\ was quite small.. the infant rat showed some

16118 % less spécific activity than the adult ragardfess of

5

the extraction metho&.

.
|
|
1
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Jhig (9;@ewhat greéter gp?cific activity in‘yhé adult ?ight
mean that somewhat moré alkaline phosphatase is being
produged in the adult, put in my opinion it does no% amount
to much“in significénce. Essentéally, very‘similar amounts
_of alkaline phosphatase are prpduced by, béthhadult’and
infgnt’ rats, nor is alkaline phosphatase”production turned
en or . off, as far as I can tell, at any time during the
timespan studied.

0f more interest perhapé is the finding that there is

‘less  total, alkaline phosphatase extracted by the Buffer B

or Butéﬁol hethod, regardless of the age of the animal;.

than by the Buffer A or‘Tris—Triton method., There is also

less protein found, but the di%férence is not as great as

Q - s

the drop in alkaline phosphatase levels. Since duplicate.

¢

extractions (i.e. both Bu}fér A and Buffer B) were usually

performed Ioﬁ. the same rat téstes tissue, I would conclude '

-

from this that the Buffer B‘extraction method js harsher to
the protein present since some of.the alkaline phosphatase
(as well as other proteins) is déstroyéd in the pr&hed&?e.
fhf; ;énterpretation agrees with .Fraki (;02)‘who, working
with guinea pig bhfmus, reSo;ted that Tris-triton extracted

. &
10X the activity that Bdtanol did.s ~

F- N

AR
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However _ it should be,noted that the BuffersB method is

more successtul  in solubilizingr a greater proportion of
proteins, including  alkaline ph;;phatase tﬁ;; the Buffer A
methad  (80-95 % vs. 70-80 ‘%). A large proportion of
proteiné is frapped in the,“semi~solid" phase leaving %?e
Supernatant (82)‘ enrichéd"in alkaline Ehoaphatase and
relatively low -intzother,ﬁroteins. This fact could be put
to éood use in further eiférts to purify thé enzyme.

Treatment with neurémiﬁﬁdase did not appreciably affect

activixy levels, except for 'the Buffé? B-infant extract,

.whichh,ﬂgst 38. %4 of its original activity. However, this

. was only a single Cduplicatef determinatibn. Basically

identical ,(results ' with variocus human organ extracts was

reported by Mulivor (335).

As menticned in the Introduction, alkaline phosphatase

has been postulated ¢to exist in at least three ‘different 4

éEBgymic /forms: the spo—called liver-—bone-kidneyy; thé/

placentaL} and the intestinal forms. These three forms may:
, . . )

be differentiated and characterized . by amino acid

inhibition (3€,37,43,46), heat inactivation (46,50,51),
// - -
polyacrylamide gel glectroghoresié patterns (52,53,54), and
. .

-~

the ‘effect of peuraminidase treatment on these patterns

(35,54,55):
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. The tests conducted” with varioﬁs inhibitors -and

Rl
o

activators yielded valuable and conclusive data.l Of great

importance was the finding that regardless of ‘the method of
< o ,

extraction ‘used, or the age of the rat, the pattern of
inhibition found was'tﬁe same.
L-Phenylalanine dwes not inhibit testes alkaline

NI . r )
phosphatase activity, ' whereas L-Homoarginine inhibits

greatly. L~Leurine, LLLedglygly and L-Tryptophan were used

. ’ ‘ ®
by Muliver (35) and Lin (119) to further characterjse and

differentiate the alkaline phosphatase ﬁﬁbm tissues they
. 2

ware worhing - with. Their results are compared to my

finding in Table 11. e

The pattern o(‘ amino acid inhibition shown 5y testes

-

alkaline phosphataée corresponds to the ‘profile for the
\liver—bone—kidney, isozyme. " There is  no contradictory

evidence. ' . : : | /

-

Our liver sample behaved as expected fram the literature

search; that is; it was also greatly inhibited by L-
’J

Homoarginine but not by L-Phenylalanine. _ T

- Fraki (102) used various chlorides and wurea to ¢

di fferentiate the isozymes from various guinea pig tissues.

4

<

v ' ) /

<_
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CdC1 inhibited all"‘tissaés aexcept. Jintestines: MgCl
> 2 o I < <
o

o activated .all tissues except liver, and urea inhibiﬁed

?

placental enzyme greatly (9@ %) and all the others -
‘moderately (3948 %). InCl did net have much.effect. I
. 2 : .

could not show  any parallels to Fraki’s work, CdCl and-

»

, 2
- . y \ ! ° .y ,
MgCl inhibited my extract but slightly; urea had no effect
M 2 - - v . v <
A N N N -
whereas IinCi ‘wag somewhat stimufatory. With minor

2 . s 3
- s
b4

. variations all my 'extracts“}were inhibjted to tﬁ‘»séme

degree with theée various salts. . .S, : !
a : .o AR ) ‘ oA ,

The next ‘step in characterising: the enzyme was the'.

tnghatment of our soluble _ex€racts at 56 degrées'C for

- -

.various‘ lengths of time. All samples, whethéer ‘infant or

adult or whethkr extracted. by Buffer A or Buffer B showed

3 .

great sensitjvity to heat, howevgﬁ thérev were . some

o

“»

differences in the degree of ‘inactivation dependent on the

, *

method of extraction. . ) . '3

If the Buffer A or aqueous method was used,'fhe alkaiiné
phosphatase of both ' adult and infant extract(ﬁwas QU %

— - ' deactivated ‘after- half an hoqﬁ of treatment. QémpleSv o

, ' ) ‘
the Buffer ' B or' Butanol method wére

extracted via

_— © s

deactivated By 98 % after only ten minutaes.
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Thi's greater heat-lability of the Butanol-extracted
/ . S ‘ a
v alkaline phosphatase might be due to the effect of butanol

) Il -

. e .
'strip\ af#' certain surface lipids or lipophilic compounds

v ’ L4

- -
phosphatase.

[4
LY -

. Once: ad;in, the sample of_rat liver extract included in

e

this study“behabed very similarly to testes extracts. .

J
N / .
This demonstrated pattehn of heat-lability is

characterlstic of the liver-bone-kidney fisozyme (5#).

'Chang 119, wor@ing with human testes extracts found

.that this alkaline bhosphagase was also strongly inhibited
.by  L-flomoargininé ° and but slightly inhibited by L-
- K

FPhenylalanine. -I£ was also highiy heat—labile, losing at
least 95 % of total :atttvity after thirty minutes of
.tnaatmant. Aowever,. a..small proportion.(ﬁ.B to 4.6 %) of
the activity pérsisted and:showed.great résist;%ce to heat
denatukatiqn. Sugpecting a mfnor isozyme, Chang treagéd
this heat-resistant portion with L-Phe and L-Har with the
. A

s result that this _alkaline - phosphatase was; found to Eg

..

/ kf"' Anhibited eby L-Phé (63-93 % 1loss of activity), but
basically upaffected by L-Har ' (@-18 % losses). This

LY

¢ intesgiqgl—type of isozyme.
' F

, é : ¢

- of - . 0~

on the stpucture "of alkalige phosphatase. Butanol may

'which - serve to stabilize the structure of alkal?re\w .
g . W s

profile. of ﬁéat stdbility corresponds to the placental and

I'd

.-
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Since our festes extracts also showed’ some residual

]

activity even after 90 minutes of heat treatment we de:ided
to see i% Chang'snrgsult paralleled our own. Iherefore, we
treated nthé‘ heat-resistant portiop of wour alkaline
phosphatase " extracts with L-Phe and L-Har. However this

heat—stable portion showed the same inhibition pattern as

the untreated enzyme, '1.e., 'the liver—-bone~-kidney type.

v 1

Thus we could, find no evidence for a minor isozyme in our
P ’
testes alkaline phosphdtaser .

. / ’
Moreover, if some significant portion of the heat-
: )

treated alkaline phosphatase such as 10-20 % were preseﬁt
as a minor isnzyme having a different(opposite) inhibition @

" pattern to the major isozyme, then we should expect to see

P

& drop in activity aftér treatment with L-Fhe, and an

increase in activity after treatment with L-Har &s compared

T

to - the non-heat-treated sample. In fact such was nnt the
_case. If hawEVer\jé minor isozyme/was present at very low
levels, i.e. < 2 % of total alkaline phosphatase our test’

probably would not have detected it.
v K [ '

Polyécrylamide gef‘ elecfrophpﬁésis gave extremély

similar vesults for all samples regardless of age or method
. * ’ ) ) ’ s
of extraction: two bands wof activity, one sharp well-

.
° -

focused band near the origin, and a sefond'broad, mor e
di f fuse band further iinto the gel.

-

.
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See figure 9 and 10.

Neuraminidase treatment reduced the. mobility of both

bands in all ‘cases. v

These findings indicate that the alkaline phosphatase

extracted from rat testes contains N-acetylneuraminic
. M >

acid. See Figures 11 and 12.

Although there are no other authors who .have done
similar ,?Drk with rat testes, we can compare these finding
with eleztropharesis re;ults from other rat tissues.

Vokota  (117), . “werking with rat  liver  alkaline
pﬁasphatase, found  two ext;emely closé bands on 7.5 % gels
at the 9pproximate position 'of our fastér—moving band;
Nakasaki (16>, again wusing livq} extractsy, this time’
purified, found three bandéi but stated that the slowest-
moving one, and incidentally the major band was an
aégrégate'of high mélécurar weigﬁt. f

There are’ numérous ;gports on human sefum and human
tissue . extracts; . Fishman (4Z) showed the liver —Baone
isozymes . to be slower moving than the intestinal
isozyme with botl bands being in the firé; half of the
gel. S{milar results wvere ;Eported by Smith 654) and Moss

(113). S
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Same authors report: an  intense band of activity from any

and all tissues, very cgose to the origin which they all

a

ascribe to aggregates (52,57,38).

t

A;l authérS' agree ‘that of all the various tissue

extracts treated with neuraminidase only the intestinal
isozyme does Hot lose mobility upon electrophorésis

(35,52

o
(O}

93,94, Since our nat testes alkaline phosphatase

definitely loses mnobility on gels after nedraminidase

t

treatment, this indicates that it is not an intestinal

“

I‘.
i so¥ymes. All of these results reported above point to. the
conclusion that the - alkaline phosphatase present. in whole
rat ' testes is similar if not identical to‘the liver-bone-

*kidney isozyme.

)

As reported sa frequently by other authors, it is my

belief as well that the first electrophoretic band, that is

W

the one closer to the origin,'is'actually an aggrégate'of

alkaiine ph;sphatase with various lipoproteins. Some
support - for. this "conclusion comes from previous @ﬁrk with
}iver 'isozymes: Also, work subseqﬁeﬁt to this thesis by
fthis . laboratory showedﬁ that" when‘ fat testes .alkaline
phoéphatase was preincﬁbated with Sotium Dodecylsufate,'

only one band of activity resulted.§

hd Y

4

¢ . ~
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There were also pa diffirences noted betdbeﬁ,the adult and

lé~day—old—extracts. Moreover, a sample of rat liver that
:

we extracted simultaneously with rat testes, showed only

one band ‘of activity at the same position as the faster-

moving band 'of‘ rat testes. Finally, whereas we found.the

-

faster—-moving band always at the same position in the gel
from rat to rat, the ;low—moving band varied ;lightly in
position,

Both  methods  of extra§tioH used were equélly effective
in §01ubilizing the alkaline“phosphatase altﬁough the
éuffer\ B extraction method resulted in a supernatant
ep(iched in alkaline phosphatase. We can demonstrate no
diffgrénces in' the Qature of the alkaline phosphatase
recovered by these twé methods. {

Finally, we were able to demonstrate no significant
di fferences in any of the parameters measured Qhen alkaline
phosbhatase from adglt and 13-day—oliyrats was éomp?red.
This impiies th;t alkaiine phosphatase‘producéimnAis turned
on very early-in the'development sf rat teéﬁes, probably in

-

the fetus, and then there is either a sfeady turnover, of

e
-the enzyme, maintaining ovverall levels constant, or, if

£l

there is 'no turnoberJ some additional alkaline phosphatase
: &

must be. produced ag the testeg mature to keep specific

s

a

activities constant. N

[y
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1 have not seen similar age comparison for other rat

. . tissues, but Edwards (1200 compared the alkaline
phosehatase igozyme patterns from ﬁuman fetal and aﬁul;
livers and from early fetal and full-term placentas. In
each case, the total level of eniyme activity was

>

unchanged, and the isozyme patterns were the same. Mulivor
(35) compared'human adult and fetal liver, bone, kidney and
intestinal "extracts. N> electrophoretic differences were

observéd with tHe liver, bone or kidney tissues. By

contrast, fetal intestinal; alkaline phosphatase gave a
di fferent bat%ern compared to adult. -

of interest, is tﬁg comparative finding that the '
speci fic activity of alkaline phosphafése in rat ovaries
drops ;s the rat goes from immature to-maturexstatus, bu{
this is due to a gréat increase in activity of the luteal,
and intgstitial cells, as the - Dvary grows. Indeed,
determinatipns of phosphatase perfollicle in ydung and
-mature rats suggested that the con;ent?atian'of phosphatgse
during maturation remains relatively consfant (121).

We may «conclude that the enzyme activities Anq isozymes
patterns of the testés isozymé do not change as the animal

goes from fetal to adult status. It would be interesting

| to do such comparative age studi'es with other rat tissues.
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¢ . he
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. Y
According to my work, as well as others, isozyme patterns

.

are established early. |

At “this point the question was asked as ta exactly where

in the testes this alkaline phqsphataée activity located.

Testes, as ﬂmeﬂfidned ‘eahlier, contain, in addition to the

germinal cells, Sertoli cells; Leydig cells, cells of the

basement membrane, endothelial cells of blood véssels and
others. Since spermatocytes and .spermatiaa comprise

-approximﬁtely 85 % of the cells pﬁeaent in the mature

testes it was logical to assume that the alkaline

phosphatase, or the greater part of it, came from germinal

. cells. This, however, proved not to be the case. 1Im work

perforhed after thig thesis, Kornblatt (122) demonstrate
that the alkaline phosphatase of the testes did not reside
. in speﬁmatocytes, early spermatids, and presumably,/late

'spermatids, but in ' the Qother( cellular componentyg/ of the

'tagtes: The likely, though not neceaéariIqunll{gandidate,

since it takes up. approximately 20 % of the tat volume of

/ -
the testis, is the Sertoli cell. / )

I ~ “ | // o

}(\ * . ’ ‘/



_L-Leu, L-lteuglygly and L-Try

——— . o

{expressed_in % activity remaining.)
3 >
Mulivor (34) _ Lin (115> My _results
v ; N .
Human . Human Human Human © Human
Intestine Liver—-Bone Intestine Placenta Kidney _Rat_Testes
" Kidnpey
’ = -

No Treatement 100 % 100 % - 100 % 100 % 100 % 100
L-Leu /30 % 75 % v ————- e ~==== 70 - 80
. / . . - - y
L-Leuglygly 60 %4 B0 4 W mme—— —————— e 70 ~ 80

/ . '
L-Try ./ = === e 20 =40 % 20 - 40 % “80 7% 70 - 80
./// ' ’
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%
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~SECTION V - CONCLUSIONS =S

A <

o

There' is. konsiderable alkaline phosphatése activity in
J .
This activity was characterised by means of

rat teséés.
amino - acid thibitiqn - patterns, “ﬁheat inactivation,’
,polyacrylémide gel ;electrophoresis‘ and neur aminidase
treatment. The gvidgnce shows that there is but one form
of. alkaline phosphatase present in the testes of rats and
that it shows the proberties asséciéted with'the liver—boﬁe—

kidney isozyme. ‘ .

There/ wére no differences found in the type of the
alkaline 'phosphatas$ extracted by boath egtractibn methods
discgssed above, ‘however lower tofa} protein and‘alkaline
phosphatase _ réyeis‘ weré measured from the Buffer B
extracts. The ,alkaline phosphatase  extracted by ‘Both
methods showed the same amino acid i%hibition batte}n,
teacted similarly to heat inactivation, showed Qhe“same‘

eleétrophoretic pattern and behaved identically to

' I3

neuraminidase treatment.

- ' . B
» ' «
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e .
e , : : C,

-10\8- |
| | | :

e,

E “ ‘ . \ . i
‘Finally, in all*vespecvs, except for specifie activity,

the alkaline phosbhatase\;frnd) adult and 13~day-old-rata

L4

1

were identical aﬁ&&\ even for specific activity. the

differences were slight. One may conclude, therefore, that

the }sézyme to be found iniinfant r:;:/}; identical to that
in the adul% rat and that there ar =) significantfﬁhanges

in the alkalipe phaéphatasg levels in the‘testes as the rat

-matures from infant to adult status.

1 N

a
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