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., The objectlve of thls the51s was to determ1ne~the'

Fa

subcellular locallzatlon of sulﬁogalactoqucerollpld 1n

&

the rat spermatocyte. Sulfogalactoglycerollpid in 28

. day old rats was labelled in vivo by the intrategtlcqlét

. . . . b . . ‘.( . . .
‘homogenates were subjected to isopycnicgradient centri-
fug tions; The<equilibrium.density distributioﬁ~pat€§rn

'35

v of he S-sulfogalactoglycero11p1d was identlcal to the

pattern of the plasma ‘membrane as repfesented by the

R ‘
ma;ker enzymes 5'-nuc1eot1dase and alkallne phosphatase

‘and dlfferent from the patterns of the Golgl apparatus,

Y P

lysosomes, mltochondrla and endoplasmlc retlculum The

\ > K . .

_injectiop oIBSS-NaZSd‘;. 24 hotrs ‘l’atér,_ cell suspensiof

. - § .-, )
{/"‘ N SULFOGALAGTOGLYCERGLIPID ' ! I

blmodal pattern<of~the surface labelllnq reagent,
o fluorescamine, showed only some specificity for labelling

the exterxor surface of its cell one of the peaks matched

35

that Jf. the S-sulfogalectoglycerollpld. Thus, it was'

concluded that 24 hours after 'its sulfation in the Colgi

appdratus, sulfogalactoglycerolipid is located on the
plasma memeane. . - ) v

o
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‘ The objectivesﬂéf this thesis was to determine the

«

subcellular locallzation of sulfogalactogl cerollpid in }'
/the rat §permatocyte. Sulfogalact?glyceroi\pid in 28 ’

'day old rats.was labelled in viyvo by the intratesticularh

iﬁjection of 35S-Na2804 24 hours later, cell suspensiqn,';

L4

-homcgenates were subjected to isopynic gradient, centri- :
' Al
fugatlons. The equllrbrlum densxty distribution pattern
‘vof the 2SS-sulfogalactoglycerollpld was identical to the

pattern of the plasma/membrane as represented by the

marker enzymes 5'-nucleotidase and alkaldne phosphatase . o }?

&
q.and different from the patterns of the Golgi apparatus,

'lysosomes' mltochondrla and endoplasmlc reticulum. , The

bimodal pattern of the surface’ labelling reagent,

fluorescamine, showed only some speciflcity for .labélling,

the exterlor surface of its cell, one of the peaks matched

35

that of the S—sulfogalactoglycerolipid. Thus, it'was :

concluded that 24 hours after its sulfat}on‘in the Golg1 -

e
sl

- ‘apparatus, sulfogalactoglycerollp1d ls located on tﬁe

v

plasma membrane.
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INTRODUCTION
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' ) ; " T
(I-1) . GENERAL ASPECTS OF SPERMATOGENESIS *

i
)

#zwifferentiation is the Biplogical process in which a

cell undergoes changes in its structure and biochemistry
- .. .
such that the f£gnal cell-along|ﬁpis developmental line

« ¢

.will be verg*différent from thé Starting or primary cells.
Every- cell.ih‘tbgyadﬁlt,of almos; all organisms above the

procaryotes has differentiated from the primary cells of

the embryo. Even in the adult there -are cells preseét

°

» that ar undergoing the process of differenfiation. The
\\

. ” -

‘continual development of erythrocytes from the primary stem.

cells in the bone marrow is+an example of differentiation.

< . D

Another example of differentiation is }he.process known as

’

spermatogenesis.

4’ N

Spermatogenesis £§ the diffeggntiation of spermato—”

N

golial gtem cells that give rise to spermatozoa.l It is

.a continual process in which three principal phases can be.

_distinguished‘-.\2 In the first phase, the‘sbermatogpnia
‘proliferate.and develop into spermatocytes and at the‘saﬁe
time maintain their numbers by renewal_.2 This proéess
_starts in the immature animal when the primary gonocytgs

divide to form ;ypé A spermatoyxda.3°The type A sperma-

b

togonia divide; some of thé dauéhter cells remain as type

A while some diffe;entiatL into type B sperm@togon§ua;l

i

-

Type B\spérmatogonia develop and fventhally_divide'to form

2 V. 4 i b -
. primary spermatocytes.

‘
1

ety P Suew as()
RO KRl
N 5
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atocytes go through the developmen% brocess to become -

develops into the leptotene I spermqﬁocyte.6

‘then_ anaphase I and then telophase I.

Eyenty;three pairs of identicdal chromosomes. The' ~

~

A ~ v

In the second phase of spermatogenesis the sperm- . — -

spermatids.3'6

It is the spermatocytes, durlng thishzg‘
phase, that undergo melotlc dlv1sxon to reduce the number_ 4 :
of chromosomes in the cells from a dfp101d number (2N) ~to
a haploid number (ﬁ%.

that arises as a result of the spermatogonial type B

6,7

The‘flrst ty;é\gz spermatocyte
division is the prophase I ‘spermatocyte. The‘prophase 4
I spe#matocyte then starts to move away from the basal .

I/ .
lamina of the seminiferous epithelium of the tubules and

There is no,

' clear distinction between the various stages of the

spermatocyte; ifs development is gradual and therefore it
is impossible to histologically determine the"exact point

when .a cell stops-being one type of spermatocyte and ‘

’

becomes another. , The progress of the differentiation of
the spermatocyte continues into, the zygotene,I sperm~ -

atocyée where the last of the deoxyribonucleic acid "

These cells develop 1nto metaphase I, ]
3 . At this point the, 42.

. 1
synﬁhe51s occurs.

/

cells divide and become secondagy spermatocytes with
secondary spermatocytes go through the quick second phase
of melDSlS, prophase II, anaphase II and telophase IIwhere
the cells divide, spllttlng the pairs, of chromoscmes to
form spermatids which havé twenty—three chromosomes. (N),

twenty-two autosomes and one sex‘chromosome.5 s

L) : 4
N . t
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The third phase ofdspermatogenesis,esométimes\c led

N
\Mz)égermiogenesis, is the develépment”qf the spermatid

[
thfbugh a gomplex series of changes into the spefmatozoa.4

Spermiogenesis can be divided into four main phases in which-

a number of histological changes take ﬁlace.( The Golgi

\
. -

~ apparatus becomes associated with the nuclear envelope

and the acérosome starts to develop into the "acrosomic"

w granule.l’6 Thg head cap starts to form and eventually
o . both the Qprosomic granule and the head cap orientate L '
| , / towards the basement membrane of thé tubules. By the ,timey

e t

the acrosomic granule transforms into the characteristic

qcrosdﬁe,'the flagella ;dévelop and the mitochondria line |
ﬁp along.;té base. \With completion of the differentiatién' \
of th; "taii" the néwly formed spermatozoais seperatqf \
- from the other cells in the seminiferous tdbule and moves

“4nto the vas deferns. >'*'® Spermatogenesis is complete.

" This progressiv% view of spermatogenesis in thé
immature testis is"not identical to thg\waves of spermato-
genesis in the adults testis. In the adult, the sevéralﬁ

&
steps of the development of the cells are found at

1 A‘ L4 3
different levels in the germinal epithelium, with the
. I
spermatogonia at the base and the more aifferentiateq cells,

R ' spermatocytes and spermatids, at-p;ogressively higher

levels.l’3'4'q The development of~a single spermatocyte

) #
into -spermatozoa occurs at the same time as other cells -

\
in earlier or later stages of development continue to

o differqntiﬁte. The cells of the different pﬁasés\oﬁi L '

1
v
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. N M

- . >

éevelopﬁent‘are not randomly.disttributed but are ‘associated

u

Qith a well defined coﬁbinatioﬁ of.other cells. Spermatids
at éiiferent’phases of develbpment are always ggéoqiated
e - with spérmatocytes‘and spermatogonia’at parficular st&ées
of their develépment. These as%ociations occur in an

.

orderly sequence along the tubule. Thus, in the adult

‘testié there are a series of waves of d;fférenfiation along-
the seminifenpus tubulef-al; in various stages but
*associated ﬁith each other, continuing at the same time.

» "

- . »
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(I-2) BIOCHEMICAL ASPECTS OF SPERMATQGENESIS

’

.

o S

This description of spermatogenesis is a histolo-
' ) . . : . C
gica;Iy'oriented'view; there are as well many biochemical

_changes. These changes may be related.to hormones.

Hormones have bzpn shown to play a large role in spermato-
m

ggnesis. An example of such a horm®ne is,that of test-

osterone. Its exact biochemical action is as-yet unknown

e i e s \
but it is known that it is required to permit spermato-
cyteés to complete meiosis.‘8 The interstitial cells

10

synthesize it9 and Dorrington and Fritz showed that the

spermatocytes metabolize it to dihydrotestosterone.

s

|

Research on the biochemical changes occurring during
spe;matogenesis has notp;lwayédﬁégn coﬂcerned with
‘hermones and their écti;né; ﬁhe‘roles that enzymes and
pfoteins"pléy in this process have also been examined.

Enzymes have been shown to have varying levels during

spermatogenesis. These levels may increase or decrease'at

\

specific times during the developmental process. The
\ .

reasons for these variations of the enzyme levels are

largely unknown but reéearch in tﬁis area is continuing at- -
the éresent.

The enzyme, 5'=nucleotidase, is an examplé of such
an enzyme that shows a dramatic inérease in its ‘
‘specific'activityQa;/a particular stage of spe ato-
genesis. Xuma and Tﬁrkingfbn11 degeim{nea that/ the’ *

specific activity of 5'-nucleotidase increases/during the

X

L T X TR s o
s S
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'.formatién of the spermaﬁogonia; it rises gteadily'frdm\
five XO' twenty-six day$ and £hen remains level. The
reason for this dramatfc'incréasemand its relationship. to

spermatogSnial'formation and subsequent differentiation is

~

as yet annown.- |

N

The glycoprotein glycosyltrhnsferases are'other'enzymes

that have-been looked at im relationship to spermatogenesis.

\

Thege enzymes decrease‘in their specifi# ac%ivities at a

" specific stage of spermatogenesis'.h Letts gg,gl}z looked
at- this chenomenuxby preparing cell suspensions from .
mouse testes. These cell suspensions were then analysed'
for the levels.of activity o;rgalactosyltransferasé,
N-acetylglucoéamidyltransferase, N-acetylglﬂcosaminide
fucosfrtransfer;se and galactoside’fucosyltransfeé&se.
‘They:found thit spermétocytee and early spermatids _
possessed relatively high levels of the enzymes while late
.spermatids haq lower epzyme levels. They felt that their
study suggestéd that active glycoprotein éynthesis is
occurrlng 1n testis germlnal cells during and 1mmed1ately
after h;1051s and that this process is tirned€Qff in the
terminal stages of spermatogenesxs. The mechanusm whereby
the transferase specific act1v1ty is decreased in the
later spermatogenic stages waS'unknown but they felt that.
this correlates with a degeneration of the Golgi apparatus

"and the formation of the acrosome. Thus, again, there are

biochemical changes occurring during the various stages of

'
i, (3

spermatogene51s that can ‘be correlated to these stag‘

.
1
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‘changes in the plasma membrane at this stage of sperma-

'(sulfogalactoglycerolipid or SGG) has the-structure as

. )
e
oo ' : ! .
o 7 ’

., Another example of such research is that ich has:: .-

been conducted by - Mnllette and Bellve13:u They i olated

* "

b - 3 .
the varignsaspernatogenic cell types of the testi .2 -
’ i

They theh looked for the expression of spg%matqgen
, “ . - % %7

specific cell surface antigens.. They did this bi i

l

fluoresbence microscopy, by complement—mediated cyto-

-

toxlcity and by quantitative.measurements of 1mmuno-
globulin acceptors”on the plasma membrane. They found

that the cell surface antigeng were\detected first in th

‘.—/"\
pachytene primary spermatocytes and expressed in all

stages of “subgequent differend:ation, including mature

sperm cells. They suggest then, that ‘there are large -

-

togenesis,. - ,

at

» Sulfogalactoglycerolipid is another example of a

cellular component that is synthe51zed at aqparticular .

stage»of spermacggeneSLS. In 1972, Kornblatt et al14 nd

in 1973, Ishizuka et all> showed that the hajor glycolipid

> A -
of rat and boar testes was a sulfated monoalkyl-monoacyl-

glyceryl—monogalactoside. This sulfated glycolipid

shéwn in figure I- l14 115,16 - S . S T

1
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The Sulfate group is attached at the 3' poeition of the

R galactos 15 16, l7 18

The alkyl and acyl groups were §hgwn

Y \ ‘_D
- to be between eighty and nlnety percent C 1l6: 0.16 .

! . Thlsﬂglycollpld and its non-sulfated qum are the

major glycollplds of not only rat and boar testes but also

of the testes of various "other mammalian species such as ‘o

* A4,15

\bul} pig, gulnea plg and even man. SGG has also

o :
been shown to be gresent in small amounts in the.btaig}g'\; s

20(21 o,

+* <

Compounds similar to SGG have been found in the

gagtric mucosa and human sali@a.22123'24 The testes of

-~ -~ v,
other species were also studiedl7'25; SGG was-not found

in the testes of blrds'and fish b?t 31m11ar compounds”

v

were found. ' The testes. of mature ducks'were found to

contain .two principal glycolipids which /were determined to

N

. e »  .be sulfogalactosylceramlde and galactosy%ceramlde. The

-——- - testes of mature trout and salmon also cont&ined two °
#

princ19al glycolipids which were determined to be sulfo-

galactosylglucosylcefamide and galactosylgldcoeylceramide.
Thus, the presence of SGG and its‘nonfsulfated form, in

the testes of the rat, are.not unique. The testes of many
> ' mammalian and chordate species have also been shown to ' .

N have a sulfated/glycollpid,’elther S&G or a compound
s 7 3

e s;mllar to SGG, as its major glycolopid.

$ The initial studies on SGG showed that it was possible

. ,: » ’ : L
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; ) .
! to label it in wvivo with 35S-SO-4 14, 25 qf ‘was -also shown

}% / that rat testis homogenate could catalyse the transfer-of
I

%\uylfate from PAPS (3'-phosphoaden091ne 5'-ph@sphosulfate,

f’ o ; _a sulfate transféring compound in many system327) to -

as an acceptor ‘included those with terminal B-galactosyl .

residues.?® This enzyme was termed PAPS:galactolipid

sulfotransferase.

The subcellular localization of PAPS:galactolipid

sulfotransfefa#e-was ihvestigated. The data that were -

. acgumulated shjwed.a hlghly enriched spec1f1c activijty

| § e of the enzyme in a purxfled Golgi apparatus fraction (as

|
J
' © much as a flfty—fold enﬁlchment of Golg1 apparatus marker

other sy tems27 28,29 the enzyme was determined to be

"

F ‘ ‘ . enzymes)\16 Thus,\dn aggreement w1th the work done on
|

located in the Golgi apparatus.

] 16
: Kornblatt et al

’

then tried to determine the stage

of spermatogenesis in which SGG first appears by measuring

the levels of SGG in‘immatn;e rats. Changes in the levels

\ ‘of bothallpid-bound\sulfate and lipid-bound galactose.

Thls increase cd%responded to’ the appearance of sperma-

\

tocytes in the rats'\testes (see earller dlSCUSSLOn) The
amounts leveled off at twenty-two days and started to
decrease, with respect to the total lipid,” between twenty-

l
_five and thigty days.' This corresponds to the appea:ance

' LI & \'chemlcally desulfated SGG, Other?ilpﬂds that could serve?'_

O o

were correlated with the changes in ‘the ‘cellular composi-

' tion of the-tissue. They found that there were low amounts
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of spermatids (see earlier discussion)i . These results
ls\)

1

" gave rlse to two ideas; one, that the SGG is probably

located in the dlfferentaatlng cells of” the;testis, and

. .
two, that the SGG is sulfated in a cell type earlier than
. , , ~N
the spermatids. J .,
. The activity of the PAPS:galactolipid sulfotrans-

\

. i ¥,
ferase in the testis at various'points after the birth of

e ed

the’ rat wasﬂéxamlned. These results agreed with the
'M »

resu] of ﬁhékpreVLOus experlment The activity-ofthe

eizyme was very.low in the testis until the rats were

. .
about ten days old. " The activity of the enzyme then rose

dramtlcally unt;l it reached a peak at about fifteen

. the activity of the enzyme_ cor

days. The act1v1ty plateaued untll about twenty-eight -

days and then decreased to about one-thlrd of the maximal

level by fifty-one days after :;;th. This sudden rise in
' = ' i
ésponds to a time in the

development of the.testis just prior to the apbearance of

spermatocytes, and the decrease occurs when spermatids
h ) ! L ]
begin to appear.! These results indicated \that the SGG is

1 1

probably sulfated in the spermatocyte, and\not in any ceil

type earlier than "the spermatocyte, that is|, spermatogonia

e

{ .
or gonocytes.-The data also indicates. that gell types later

than spermatocytes are inactive or are , much }jess active

than spermatocytes in synthesizing SGG.
The stage 25[8@11 development where the 35804 is
‘ .

inqorporated into SGG was determined in two recent apers.‘

" Both Letts et al 30" and Kornblatt (submitted for

Ay e

o



"-tO'aqvery discrete stage of spermatogenesis, that of the T\

°

_bublicatibnl% agreed that tﬁg:i5504 is incorpporated into
SGG in the early‘épermatocyte. This was own two

. - . £
different ways. In the work of Letts et al, the testis

35S

of adult rats weré injected with 04 Twenty four

a2y
ﬁours later cell suspensjions were made of the testis and \

various cell types were isolated through the use of staput

32

gradients. They fbund that there was no enrichment of

~radioactive sulfolipid in either late spermatocytes or

spermatids. From this they conclyded that incorporation

of 35804 must occur in prlmary spermat.cytes only,probably

gﬁarnblatt

and 3H~ .

prior to pachytene or’ dlplotene spermatocy

35

®injected the testis .Oof rats (adults) with ~°So

4
thymidine and looked for the decrease in the levelgf \ ri'

»

radiéactivity in the testis and the increase in the level !
of radioaéti%ihy.in the vas deferens anél the epididymis
for a period of six ‘weeks. Knowing that the length of

time between khe admidistratien of ‘the isotope and its

- ¢ r
appearance in the epididymis is a function of the stage of
spermatogenesis at which the isbtope is incorporated into

the germinal cells, she found that the 358 appears in the: .

,epididymis five to eix days before 3H and thus conclyded \ )

that the synthesls of SGG must stop five to six days

.affg;.DNA synthe51s has stopped. It was then calculated

35

.that the 1ncorporatlon of S0, into SGG ends shortly

4
after zyeotene sperma ocytes become pachytene spermato—'

cytes., Thus, the period of synthesls~af\$§§_1s llmlted

]



- ~ -

e?riy pachytene, ‘zygotené and perhaps even lepotene. -
‘primary sperhatocytes, - : ' ‘ 4
< In order to determine if, ee;the locatioe'of éAPS:
. gelactolipid-sulotran&feﬁfse ihdicared, SGG‘is sulfaﬁed- ‘;.

.in the Golgi apparatus, SChachter3§ injected rats intra- ' :

35

. testiéullarly with 80, sacrififed the rats at various

times after iﬁjection and .then meaeured_SGG by counting
‘ | 35

S in the lipid extract.fgﬁp the total testis and from A
s - ’ﬁurified°Golgi~apparatus.: ﬁithin twenty minutes there ) _:Fﬁ | \'
) was a forhy-fold enrlchment of spec1fic radloactlvity of | s
¥ “ . the SGG éln the Golgi apparatus over the total testis. As ; x -
| ehe time between the injection of the 35504 and the . i%'

sacrificing of the rats‘was increased, the enricﬁment ' e

decreased. B§ rwenty—four hours after igjectioﬁ, there:
was no more than a three-fold enrichment of the,SGG in the
- Golgi apparatus.z This qsrichment is low enough that it

. . e could be explaxned by contamination of the Golgl'apparatus

. . ' preparation by SGG in membranes_ other than Golgi.apparatus

membranes. Thus, sulfogalactogiYEerolipid is sulfated in

[y

‘comp.rtment. It was-the objecp of the research for this
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The‘determination of a ‘¢ellular component's’sub-

S - ~ S e - 1
! : cellular lodalization can be achieved in ' a numbér of ways. k. '

! - -, / ’ ? 5 * . N k
It is' possible that one could isolate and purify the :

2

. ' various cellulat compartments"and then_look for the

components' enrichment in any of the compartments. The

¢

. problem of lsolatlng all the cellular components of the

’ S cell ig very laborlous and time consuming. Another -
problem with,: thls method is tkat 'the results can often be

. mlsleadlng. If a cellular component is shown to be low S

e - r ' -

v in concentration 1n a particular'compartmentthe questlon

arlses as to whether the component is ndt low in con= o

9 s Y i N

‘centratlon in that compartment but. is Just a contamlnant.

0y

- Another method of determlnlng th subceilular

locallzatlon of a cellular component‘ s to use theapproacH*

o / - -
a method of follow1ng the dlstrlbutlor pattern of the

'+ various organelles of the cell.? me sub;pcted the

of 'Christian--de»Duve.34 35, 35 37,38 ’In 1955 he depeloped .

L

3

-

homagenized tissue to centrifugations of increasing force | 2

and time. He had fivé ‘fractions, the nuclear' fraction,

.

the mitochondria” fraction, the light mitochondriai .

fraction, the microsomal fraction and”theieupernatant\ X

7

fraction. - These fractions were by no means pure but he. .

poetuleted:that a given organelle wbuld be distributed .

over these fractions in a ¢haracteristic manner. 34'{8 -

‘nAnynenzyme"in'that:compartment should show this




[
characteristid‘distribution. He felt that two enzymes of
a single compartment of the’ce%l could not be _separated

by the centrifugation process.34 Thus, he proceeded

w1th this fractionation and determined the relatlve

¥

Al

spec1f1c activities ‘of varlous enzymes in the fractlons.

He presented tEe dlstrlbutlon patterns of the enzymes
over the fractlons ln ‘the. form of hlstograms. The

hlstograms would then be the dlstrlbutlon patterns for the
38 34

‘

) various enzymes of the cells. He was able to show

that quite,a number of enzymes with lytic propertles, y
'euch as acid phosphatase;, ribonuclease, deoxfribonuelease,
etc., had the sgme,distributionrpatterns of specifrt
ac%%yity on their histograms and thug-determined the
exiétenee éf the lysosomes. He also showed that these
. ~ enzymes had different distribufion patterns,than the
. .u ) enzymesvgf other cellular combartments, such as cytochrome
C oxidase, NADPH cytochromglg‘reductasei glucose;G-
phosph;tase, etc. ) |
/ ’ ©" This method would seem to ehable the researcher to
‘ ', determine the subcellular localization of a cellularl
"component such as a lipid without‘having to.isolate and
puriff the Garious ceilular compértnents and'incur the

- a to

, . \ :
problems thereof. I felt that I could use this procedure

A} ,\ . * t

o " to determine the subcellular localization of sulfogalacto-

- glycerolipid.”” T~
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(I-4) - STATEMENT OF OBJECTIVES Co

/\-
Due to the.fact that a very small amount of material

was available (the testes of young rats are qu#tg small),
. I inténded to layer homogenates of whole cells on

continuous sucrose gradients. The distribution patterns.

_would be similar to the histograms of de Duve."‘Sharp
bands of material on the gradients would not be expected
due to the polydispersity of the particles and the

heterogeneity of their size, éhape and density; eveh'of
38

particles of the same organelles. It would also not be

expected that,thésq distribution patterns would yield
results which:qould determine whether or not a component
{é exclusively in a particular cdmpartpent.38
The distribution patterns of the various organelles
,ﬁefe to be determined by the assayigg of various enzyme
markers\\jsince ﬁot as much\work hag been done on the
' enzymes of the testes as has been doné on the liver, not

all enzymes to be used havé.been*shown to be specific

. -

markers for specific orgénélles in the cells of the testis.
_— A fey'géve, thouqh,‘and the enzyme markers for the Golgi
apparatus, plasma memprane, mitbcgondria and the‘endo- ’
The enzymé marker

Icd
for the Golgi apparatus was chosen to be UDP-D-galactosyl-".

plasmic reticilum are some of these.

transferase which wiﬁk:transfer.the galactose from UDP-

galactose to a protein acceptor., This enzyme has been”

shown to be located in the Golgi apparatus of rat

{

e . e

I T

N e s e

Y A



marker for mitochondria.

{

39 40, 41 42_ The enzymes chosen for the endoplasmlc

testis
reticulum were D-glucose—ﬁ-phosphataseawklch has been '

shown to be located in the endoplasmic reticulum of

hamster testls?3 NADPH cytochrome C reductase has also

been shown to be a marker for endoplasmic reticulum.37

Acid phosphatase, d non specific phosphatase in acid

medium has been recognised by de Duves'’ work34’38

" to be an enzyme marker for lysosomes. The succinate

cytochrome C reductase system\was chosen as an enzyme
| 44,45,46 g4 enzyme markers were
chosen to rep;esent_ehe plasma memb#pne; 5'-nucleotidase ’,
which will hydrolyse %he phosphate esters of 5'-nucleo-

tides has been accepted as a plasma membrane marker for

.
11,47,48,49 and alkaline phosphatase37

gquite some time
a non-specific phosphatase ln alkallne medium.

Once the patterns for these cellular organelles are
determined, 1f it can be- shown that the SGG has the same
distribution patte;n as the pattern‘for a particular

compartment and is different from the patterns of-all'the

i .

other compartments then it can be said that.twenty-four

hours after is sulfation in the Golgi apparatus,
sulfdgalactoglycefolipid moves to tﬁat particular cellular -

compartment.
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MATERIALS AND METHODS

v

(I1-1) .MATERIALS

[.3551‘-so{ium sulfate (700~1,000 mCi/mMole), (Hc3-
D~glucgse~-6~-phosphate k52.5 méi/mMolei, uridiné diﬁhoséhb-
(l?c]-o—galactosé (300 mCi/mMole), Aquasol and 2,5-
diphenyldiézof% were obtained from New England) Nuclear- .
Canada, Ltd. Deox&ribdnuclease II, tryps%n, soyabean
trypsin inhibitor; adenosine-5'-tripHosphate, adégosine-
5' -monophosphate, nico;inamide agggigghgiggcleotide
phosphate (reduced form), p—nitrophenylphosphate,{N-
acetylglucosamine, triton X-100, dithiothreitol, sucrése,
uridine diphospho-D-galactose, D-glucose-6-phosphate,
cytochrome C and 2-(N-morpholino) ethane sulfonate were _
puréhaSed from the‘sigﬁé Chemical Compan&, St. Louis,
Missoufi. Fiuoresbamine,was purchased from Hoffmann-
LaRpché} Quebec. Cycloheptaamylose was'purchésed from

the. Aldrich Chemical Company. All other chemicals used

were of reagent grade and were purchased through'various’

commercial supply outlets. All organic solvents used in

all experiments were redistilled.
\

\

18



(II-2)  ISOTOPE ADMINISTRATION

AN

N

~ Male wistar rqﬂé, 28 days old, obtained from Canadian

Breeding Earms Inc., Quebec, were usedl in all experiments.

9

The rats were.kept under conditions of controlled lighting
(approximately 14 hours per day), in a room maintained °
at’22°C. The rats had free access to food and water.

At the beginning of each experiment, tﬁe-rats‘we;e'
injected.intratestigularlygwith 20 pci of 5] -sodium

sulfate per testis. Twenty-four hours later, at

approximately 09:30 h, the rats were sacrificed by‘

decapitation and a cell-suspension of testicular tissué

was prepared. !
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(II~3) PREPARATION OF THE CELL SUSPENSION (see figure II-1) -

o . . N
The preparation of the celi suspensioﬁ; was carrigd

out at room temperature. Normally ﬁpur/rats were used

per experiméhfgix ) | ' R

After the rats’were sacrificed, ‘their testes were -

T

reméved and the tunicae were stripped off. The testes

were th;n choﬁped five times with a mechanical bhopper (a .
battery of fifteen sharp razor Blades, spaced 9.8 mm

ag;rt). They were suspended in PBSG, by .repeated

pipettings, twenty times with a pastueur'pipette,kto a ) ;
vQolume ten times the wéighE of the testis. DNaSe (1 mg/ml’

in PBS) was added at a volume one tenth the volume of the
éuspending buffer.  The suspension was allowed to settle

for ten minuteé and the supernatant was collected. The
mﬁterial thaﬁ settled was reshséended in PBSG in ‘an equal P
valume to that used before; DNase was added dgaiﬂ; the

sdspegéion wastallowed to ;ettle for’fitgyg;nutes and the -
supernaégnt was éollecteé: The settled material was

o
L]

discarded.
:The supernatants were combinea and centrifuged in a. -
clinical centfifuge-(Intefngtiogal Equipment Co., Mass.,
USA) for five minutes at 300 X g. After‘centrifugation
the éqllet was resuspended in PBSG to a volume one-tenth
that of the cgﬁbined sppernatants. Trypsin (2.5% wgv in
PBS) was added to give a fihal concentration.of trypsin éf
0.25%; After ;higty~minute;, trypsin inhibitor was added

3

¥

k! : —




”

"trypan blue (1.0% in PBS).

[

"in excess of the trypsin to stép the reactioft. The

suspension was then diluted by the addition of three

' volumes of cold PBSG.and centrifuged for 5 minutes at

Y

300 X g. The pellet was recovered and was resuspended in
PBSG (2.0 ml)., It is at this p01nt that the f£ells were
labelled with fluorescamine (see labelling procedures).

??> Aitéi surfaéeflabelling, the cells wefe centrifuged

at 300 X g .for five minutes and the(pellet was resuspended )

in cold 10 mM tris-HCl buffer, pH 7.4 and homogenized by

A
o
six strokes of a Potter—ElvehjeE‘homogenizer operating at.

500 rpm. The homogenate was centrifuged at 300 X g for

three minutes to remove unbroken cells and nuclei. This
superpatant was used in further work.

The total number of cells were counted on a’haemo—
cytometer with 3 phaée contrast microscopé. The amount of
lysis and thus the percentage v1ab111ty throughout the°
procedure d§$~measuréﬁ/by obsefblng cells' exclusion of

\
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A T Pl
Figure II-1
c PREPARATION OF THE CELL SUSPENSION -
. o ’ ‘
‘ Testis ,
s ' chop, suspend in PBSG,
' / add DNase
.; . Y - '/ - ' 7 — s
pellet - supernatant

L
./{Qeat - s
— prcrceedure

Yy -y

pel’let ) supernatant F . combine -
discard l " '
. o ) -
' centrifuge
- * . ‘i
supernatant - pellet
discard ) resuspend in

PBSG, add tryp-
sin, trypsin *
- -| inhibitof, dilute

with PBSG,,
, . centrifuge
A— ] & . ~ _;
peliet : supernatant
resuspend in PBSG discard ' \
label with fluorescamine
dilute with PBSG,
{centrifuge
pellet -- - , ~ ' supernatant -

discard

This figure shows a schematic representation of the cell

. }uspension proceedure, for further details sée the-section in -

iy ,
the Materials and Methods (section II-3).

22
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(II-4) GRADIENT CENTRIFUGATION

¥

After homogenization, sucrose was azlded to the

A

supernatant prepared from the homégeni’zed cell sus&ensibn

to brlng the mlxture to a dens:.ty equlvalent to 10% (w/w)
sucrose. this was layered on a 10-50% (w/w) linear
continuous sucrose gradient. Gradients were prepared

usihg sucrose, in 10 mM Tris-HCl buffer, pH 7.4, 10 and
b N : . - ' b
50% (w/w). . . P '

, The gradlents were centnfuged in a ‘MSE Superspeed

4

75 ultracentrlfuge, at 100 000 X g :Eor twenty-two hours.

9’

‘When the spins were completed ‘the centrifuge was stopped,
the polypropylene centrifuge tubes punctured and eighteen'

to twenty—two 1.0 ml fractions were collected These

¢ 3

fractiong were analysed for their dens:.ty, fluorescence,.
[35S] -8S8G and various enzyme markers. .

-~

protein, the
Fractions were stored at -20%. o

Thex'density of the fractions were determined using an -
Abbé& refractome‘ter. Numbers cbtained were in values

equivaler}t to percentage sucrose (w/wd which were converted
to g cm-3,51 : ‘ v .

' {
Thfe protein content of the fractions was d&termned

52

by the method of Lowry et al 4w1th optical density read

[

at 600/nm. Bovine serum glbumin at ‘a concentration of

4-100 mg was“used as a standard.




‘0.1 M at pH 9.0 which contained 1.0% Triton X-100.

24

\

¢

‘Fluorescamine\was used to label the surfage of the
\\ N A .

(II-5) SURFACE LABELLING

o5

cell&‘_;>3

The cells, normally suspended in 2.0 ml of PBSG,
L . ]
were labelled by the addition of 125 pg of fluorescamine

Py
}

-

4
Thirty seconds after the addition of

&

in 5 npl of acetone.

the fluorescamine, the suspension was dilxited four-fold

.. - .

and immediately cent/riffuged for five minutes at 300 X g.
-The cells were then resu_spendgdi in PBSG or homogenized
in the Tris—-HCl buffer. The entire labelling 'proced-ure

was carried out at.room temperature.-

Fluorescence was measured using an Aminco-Bowman ..

t

spectrophotofluorimeter (American Instrument Company), .

.
/] \

e O e e s A W

with Xenon Lamp power, the high voltage at 700 volts,
open excitation and emission glits and’a sample slit

¢ - , .
set at #5 for the photomultiplier. The excitation wave-

length was 390 nm and the emissi\on waveLéngth wad 475 -fim.

™~
Samples for fluorescence measurement were prepared

by suspending 0.4 ml aliquots in 2.6 ml of borate buffer,

Quinine sulfate solutions, from 10.0 to 0.001 pg/ml

«

2774
Fluorescence of samp;les are reported in values'equivalent /

dissolved in 0.1 N H,SO

were used as standards.

’

to the concentration of quinine sulfate per mg protein.

L]
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- (11-6) -5

S)- LIPID EXTRACTION : /

The [358] ~SGG was extracted and pu{"ified by the

16 N

method of Kornblatt et al. Homogenates or fractions
.from gfa\ldients weré rehomogenized in 20 ml of chloroform:
metharioﬁl, 2:1, (C:M,2:1) per ml of homogenate. The
mixture wasqfiltered directly ini:o a round bottom fléski
through a glass fiber filter on a scintered glass funnel
that was previously chilled. The residue was wa‘.shed and
then rehomogenized in"C:M:H‘p (1.2 + 5% H,0) at the same
volume as before. This mi*'xture was \also ﬁiltere& and the

.

filtrate was combineé with the previpus filtrate.

4

The combined filtrates were dried in a vacuum anci'

.

redissolved in 25 ml of C:M (2:1). 5mls of 0:1 M KC1
were added and the mixture was centrifuged at 3500 X.g for N
~ ten minutes at 4°c. Two phases formed; the upper phase
was removed and discarded. The partitioning procedure was
‘ repe;ted two more times %}ith the additi;n of 12 ‘mlg of
G:M:H,0 (3:48:47) and 12 mls of C:M:0.1 M RCl (3:48:47).
The lower phase was evaporat-;e'd to dryneés and redis:solved
in 1.0 ml of chloroform. . - ..
This lower phase was then layére:i dn "a silicic acid
(Unicil) éolumn,‘ 100-200 mesh, 1..0 cm in diamete;:. Four
solvents were run through the column and' fractions were '

o

collected in batch. The solvents were CHClé, acetone,

acetone:‘méthanol/ (9:1) and methanol. The fractions were

evaporategi to dfyness and redissolved in C:M (2:1).

e



" | ‘ Aliquots of the redissolved féactiohs spqtted on thin , /
féyer chromoatééraphy plates and run with a solvent of
C:M:H,0, (65:25:4). Glycolipids were identified by their
Ire;ction'with diphenylamine. The [3SSf:SGG was found to

. ' be exclusively in the acetone fraction.
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(II-7) ENZYME MARKER. ASSAYS

5' ~NUCLEOTIDASE

5'-nucleotidase (EC 3.13.5) "hydrolyses nucleotide

-

monophosphates, dn this case adenosine-s'—monophosphate

to phosphate and adenosine. The assay used was modi?iéd

from the method of -Schachter et"étl.'54
P

The reathon contained {in a final volume of 300 nl,
37 5 pmoles of glyc1ne buffer, pH 8.5, 3.75 pmoles of.
MgClz.GHZO, 2.25 Pgolgs of 5"adeEPSiﬁffyonOPhOSPhiFe and
enzyme. The reaction mixture was incubated at 37°c for

~

thirty minutes. The reaction was stopped by the addition

7600 pl of 10% (w/v) trichloroacetic acid. Aliqﬁots were

-

'.'then analysed for the amount of'phdéphafe released by the

55

method -0of Lowry. 0.5 ml aliquots from the assay mixture

were mixed with a solution of 0.5% ammonium mo;fbdate

solution (w/v) in 2.0 NH SO4 and ZLO% (w/v) ascorbic acid

2
solution (1:1). This mixture was incubated at 45°¢C for
twenty minutes. The reaction was stopped by chilling the
incubation mixture to room femperature.. Absorbance was.
éead at .820 nm and coﬁbared to a phosphate standard
ranging from 10 to 500 pﬁoles of phosphate. The sp;cific'
activity of 5'-nucleotidase is expressed as pmoles of

phosphate'released/hour/mg protein. _

ACID PHOSPHATASE R

4

" Acid phosphatas® (EC 3.1.3.2) caéalys“‘e‘s the hydrolYéj.s_

of p-nitrobhenylphosphaﬁé to p-p}trbphenolﬁand phosphate

4

i
v
v
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‘% the addition of 2.0'mls of 0.1 N NaOH. The absorbance of
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B hour/mg protein.

L ALKALINE PHOSPHATASE

- URIDINE Dipaospso-D—GALAcmosngxANSFERASE

; , .56 . . .
.in. an acid medium. The reaction mixture contained

55 pmoles citric-acid-buffer, pH 4.8, 6.8 pmoles Na,-p-

nitrophenylphosphate, 5 pl of triton X-100 and enzyme in .-
a’final volume of 1.2 mls. The reaction mixture was

incubated at 22°G for sixty minutes and the reaction was

"

¢

., - L
stopped by the addition.of_ 2.0 mls of 0.1.N NaOH. The
absorbance was then redd at 405 nm and compared to a

standard _of. p-m.trophenol. Ac:.d phosphatase speci ic

-

Aikalme phosphatase (EC 3.13. 1) is an/

enzyme is assayed by ‘a method adapted f:;[om

Bergmyer.sso The reactn.on mlxture contai.n 59’»‘ pmoles of

" glycinebuffer at pH 10 5, 0.5 )m\oles “Mgé SHEO 5. 5
,pmoles Naz-p-m.trophenylphosphate and enzyme in a final
volume of l.l:mls. The‘reactlon mixture was 1ncu\bated at
,37°C fo'g th::.rt.(y minutes and the :::eact/ion ’was stopped by«
* the solu¥lon was measuréd at 405 nm and compared to a.
sf:andaprd ‘solution of p-nitrophenol. The specific activity
of alkaline phosphatase, is expi‘essed',as pmoles p;-nitto-'

phenol reieased)’hoqx/mg ’pfgtein. o

u

- Uridihe udi'phospho—D-galactosyltransferase (EC 2'.4.}..22)\
. i) ’ - .

)
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is an enzyme that catalyses the transfer of galactose
from uridineidiphospho-D-galaetose to an acceptor, in
this case, N-acetylglucosamine. The reaction mixture

contained, in a final volume of 50 pl, 5.0 pmoles N-,
- . .l i
acetylglucosamine, 0.3 pmoles dithiothreitol, 3. 0 pmoles-

MnCly, 5.b pmoles MES buffer at.a pi 0£°5.7, 0.1 pmoles

[14

ATP, 0.025 pmoles UDP- [ "C]- D-galactose (4 pCi/pmole),

— [ LN
.tr ton —10 enzyme. The tzfﬁgisn mixture was inci- , |
t 37° for one hour. The repction was stopped by

adding 5.0 pmoles of EDTA in 20 pl and chilling the
reaction tubes by placing'theQSSﬁ\ice(x 50 pl eliquoté of

the reaction mixture were applied to smal qplumnsJ 0. 7nm
X 20 mm, of Dowyex 2X8 1n the Cl form, and were eluted

thh 1.5 mls of dlstllled'water. ‘The eluate was eollected\

— . i

directly into scintillation vials and then counted for
[14C]—Neacetyllebtosamine;\ The specific|act;wity of the
enzyme is reported as nmoles N-acetyllactosamine/houf/mg

protein. The rec1pe for the incubatlon mixture was

‘54

modifled from the method of Schachter et al with ATP

added in an attempt to reduce non-specific hydroly31s of

wUDP-D-galactose according to Fraser and Mookerjea.57

The method of using the mini-columns to separate the
. . '

products of the reaction from the substrates was adapted

from Bergeron.>® ’
. \\\ ‘ ‘ . . i
D‘GLUCQSE"G -PHOSPHATASE . . \ ,

' - J

D—glueoée;s-phosphetase (Eé 3.1.3.9), which g&te}yses

the hydrolysis of D—glucose-G-phoephate ‘to D~glucose and
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phosphete; was .assayed according to the method of
v ! ~ s T -
Schachter et al. 'The method of separation of the products

s’ M »

from the reactants was 1deht1cal to the procedure for ' .
§
uridine dlphospho—D-galactosyltnansferase as modifled
58,

from Bergeron. . The 1ncubatlon mixture contained 5. 0 . . ,
pmoles MES buffer at a pH of 6.5, 1.0 pmole [14C]-D-
glucose-6-phosphate (400,000 dpm/pmol), 0.06 pl trition
X-100 and enzyme at a final voluﬁe of 45 pl. .The mixture
was incubated at ajqc for one hour. At the end of the:-,

’ incuba‘tion the regction was stoéped by the additi'on of '
25p1 of 10% (w/v) trichiefoacetie acid and the assay tubes
were then placed on ice. 50 pl d!;quots were layered on
the mini-columns and washed w1th l 5.ml of distilled .

»water, with the eluate collected dlrectly into sc1ht111-
ation vials to be counted. The specific actlvity of the

enzyme is reported as nmoles glucose/hour/mg. protein. .

1

NADPH CYTOCHROME C ‘REDUCTASE ' o

NADPH cytochrome C reductase. (EC 1. 6 2. 3) reduces

’ cytochrome~C using NADPH as a co-factor. The assay

procedure for this enzyme was modified from the procedure

of Schachter et al.54

_The incupation'gixture cdhtained, .
in @ firal volume of 1.2 mis, 250 pmol' phosghate buffer at

a pH of 7.0, 50 pmol KCH, 1.5 mg cytochrome C and enzyme..

. The reabtlon lS 1n1t1ated by the addition of 0.4 umoles of
NADPH in 10 pl: The reaction was followed using a Unicam
P700bf:é¢ording'speét;ophotometer with the cell compartment

. ) M.
‘thermosta%edvat 37?C. .The spectrophotometer was operated




at a constant wavelength of 550 nm and the increase in

3
-

absorbance per unit time was measured. The absorba£§e'

e increase was standardized to a reduced solution of

cytochrome~c. The specific activity of the enzyme is

! reported as pg cytochrome c reduced/mlnute/mg proteln.

SUCCINATE CYTOCEROME C REDUCTASE
The succinate cytochrome C reductase system (EC 1.3.
99.1) catalyses the ;eouction of cy;ochrome'c using ”
succinate as a substrate. The assay procedure is very
\\vﬂk,» similar to that of NADPH cytochrome C reductase and is

54

adapted from the method of Schachter' et al. With a

final volume of 1.2 ml, the incubation mixture contained
¥ 100 pmol phosphate buffer at a pH of 7.0, 50 pmol NacCN,
1.5 mq‘cytocﬁrome C and enzyme. The reaction is initiated

by the addltlon of 1.0 pmol of/succ1nate in 10 ul and was

s - - 0 ..
.

i‘gi : followed at 37°% using the Unlcam P7000 recordlng spectro-l
N photometer at 550 nm. The speciflc activity of the enzyme
.yas reported as pg cytochrdme C/minute/mg protein.
r Linearity, with respect to‘time’ahd the amount of
enzyme was established for all enzyme essays. |
‘The levels of .radicactivity of the [3°s]-sce, [%c]-
D-glucose and [14Cj—N-acetyllactosamipe were determined
, by 'liquid scintillation counting using a Nuc;ear)Chicago,
', Unilux II, refrigerated, liquid scintillation coupter.
The scinéill;tion cocktail for the counting of the [353]-
A ) SGG-&as.prepared according to-the method of Kornblatt et
59

. al”” and was a mixture of toluene, methyl cellusolve, and

!
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ethanol at a ratio of 110:88:13 resﬁediively,containing

/

r

-

5.5 gm of ng-diphenylcxadble;per liter of solﬁtion.

[14C]—D-glucose and [14q]-N—acetyllactosamine were counted

in a commercially available scintillation fluid, Aquasol.
Quenched ‘standards were used to prepare quench curves for

the conversion of counts per minute to dis integrations

per minute. All samples were gounted twice for ten

~

minutes. - ,
[N , -t
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. .RESULTS
RBESULIS

(11f-1) STUDIES ON THE CELL SUSPENSION PROGEDURE

[
There are many factors or parameters in the procedure

of the preparation of the cell suspension (II-3) that are.
+ involved in.achiéving a.suspension with as high yield and
viaﬁﬁl;t;«as possible, the method of r?leasing the cells
from the testis, the method of suspensipn, the buffer,‘the
pH, the method of removing the debris fgbm,cells that havé
been .damaged inlfhe original procedufe ang speeds and ‘

times of centrifugation. BAll of these parameters were

varied in order to choose conditions that gave the max imum\

" yield of cells and viability. : ‘ L,
Tables' III-1 and III-2 are a summary of the results
of the experiments that Iwere done in order tg'determine
the proper pafameters for the preparation of the cell

suspension.
-

,. .
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STUDIES ON THE SPEEDS ,AND LENGTHS OF CENTRIFUGATION

TABLE ITI-1

N

~

s

Tive Cells

% Viability

Procedure Total EELIQ
prior to centrifug. 2.24 x 10 .08 x 10% 464
800 rpm, 10 min: - 1.60 x 105 " 0.69 x 108 43.1
1100 rpm, 10 min. 1.68 'x 108 0.71 x 10° 42.3
1400 rpm, 10 min. 1.91 x 10° 0.77 x 10° 40.3
1700 rpm, 10 min. 2.01 X 10° 0.77 x 108 38.3
. 2000 rpm, 10 min. 2.16 x 10% 0.78 x 108" 36.1
2750 rpm, 10 min. 2.17 x 10° 0.74 x 108 34.1
1400 £pm, 10 min. '1.88 x 10% -~ 0.82 x 10° 43.6
1400 rpm, 10 min. 1.91 x 102  0.77 x 10®°  40.3
1400 rpm, 10 min. 1.99 x 10° 0.78 x 10° | 39.2

Times and speeds of centrifugation were examined in a

@

series of eight expefiments with each parameter repeated

three times. The average values are reported with these

values standardized to the wet weight of the testis. The

~ experiments were carried out the with the use of one rat

é

e;éh. 'Viability of cells in the pellet was measured after‘

the first centrifugation in the cell suspension procedure

by\trypan blue exclusion.

.

bl

34



. : TABLE ITI-2

sTUDIAS ON THE VARIOUS PARAMETERS OF THE PREPARATION

14

2

Each experiment in this table used one rat per section;
ex.,buffers, temperature, pH, etc.. After each section

the best'ﬁarameter was chosen to be used in the following

sections, for example pH 7.4 was then used in the followirg

experiment on the action of the enzymes. Prior to these .
experiments the cells were chopped with razoi blades,

'_ suspended 1hrough the use of a pipette and then centrlfuged
at 300 X g for five mlnutes. The suspendlng buffer was.

PBS at pH 7.4 and the procedure was carried out at room

temperature. , . - - /}

35
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‘TABLE III-2 o
STUDIES .ON THE VARIOUS PARAMETERS OF THE PREPARATION ..
Parameter Total Cells Live Cells % Viability
scalple blades | 2.27 x 10°  o.91 X 10°  40.0
' mechanical chopper  2.03 x 103 0.95 x 10®  46.8
pip6kting (20 times) , 2.27 x 10® 0.91x 10®  40.0
mechanical shaker 1.78 x 10®  0.68 x 10®  3s.2
- 8 ' 8
PBS 2.12 x 10%  0.98 x 10 46.3
;A\ . §
Manrs Rinders 2.22 x 108) 0.94 x 10° 2.3 )
~ . &
PBS-EDTA 1.90 x 10° 0.78 x 10®  aN\1
 PBS=0.1% glucose 2.05 x 105 1.06 x 108 517 - ‘
3-4 oc 2.56 x 10° 0.96 x 108 © 37.5 \
22 °c 2.52 ¥ 108 1.32x40%  s52.4 -
32 ¢ 1.98 X 10°  0.95 x 10 48.0 .
_ “pH 6.5 2.17 x 10% -0.86 x 108  39.6
pH 7.0 1.90 x 10®  0.89 x 108 46.8
oH 7.4 2.22 % 10% 1.13x 10® " s0.9
pH 8.0 s 1.82 x 108 0.76 x 108 42.0 ,
- B \'/{
, DNase o 1.90 x 10°  1.46.x 10®  76.8 ‘
Trypsin 1.36 x 10  1.34 x 108 93.5
' v N {
»
-~ ~ '}
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The fesultb of the experrments hown in table III-1
. suggest that any centrlfugatlon w11§§L;%l,cells but as the

speed and length of centrifugations are increased the ot

number of wviable cells recovefed increases aloﬁg with
dead cells. Thus, a speed and time of centrifungation
where a high yield of cells was recovered along with a

; e ‘ - .
small decrease in the viability, was chosen; 1400 rpm or

300 X g for five minutes.
: ‘Table III-2 shows the results” of experiments where ,a
varietf_of parameters were examined. Suspending the cells

by using a Pasteur pipetfé increases the yieid of both

- total and live cells and‘'thus, in further experiments,
. t

. ‘ P\Eteur plpettes were used. The mechanical chopper did
not seem to damage as many cells as chopping’ the testis
- R ¥

with scalpel blades. A variety of buffers were then

" ‘tested; the PBS—giucose buf fer yielded the highest . : '

viability and thus it was ueed for all further experiments.
The PBS-EDTA buffer gave a'suspension that had many more

clumps of cells than what was normally\seen.i This could .ﬁﬂ“T"\\

’

be the reason for the drop in the total yield, of cells as
r.

it is very difficult to count the ﬁu@ber of cells in a o

clump. At temperatures other than room téhperature-the <’ . p

1

viability of the cell suspension dramatlcally decreased

. and pH 7.4 seemed to)be the optlmum pH for the surviyal

I
of the cells. . - .

-
~ . <

At this point the viability of the cell suspension.

3 s K
was approximately fifty-one percent. Thus, the use of F .
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one or more enzymes was required din-order to bring the

J

viability to the required@ﬁevel (greé;er than ninety-five

’ { N

?erceﬂt). ' The use of DNase greatly itcreased the propor-

-

tion‘of live to dead cells. Since.spe¥matocytes have )
very large nuclei4 some of the paterial that I was

countlng as cells may have in fact been/ﬁare nuclei and -

) -

thus a possible explanation for the dramatic effect on the
viability of the cells £hrough the use of DNase. Trypsin
1ncreased the percentage viability of the cell suspension
to~approximately ninety-eight percent. It does so by Ll
degradlng the dead cells and debris that are then washed
away. This is‘qbv1ous in that there is a dramatlc decrease
in the total cell count while the viable cell count remains
virtu%lly unchanged.| . i -
Observations usihg phase contrast light microscopy

s owed that the final cell suspension mostly cons;sted of
large round cells w1thout an easily v151b1e nucleous. '

The rest of the cells \in suspension were small; some quite

. irregqularly shaped aﬂd some rognd and smooth.

. .

- . ~

, . - N




.(III-2) STUDIES ON THE YIELD OF THE LABELLED SGG

/
/ A

Dne of "the most important parameters that ié

-

followed in every eiperiment is the counting of the 358-

. '35

isotope (see section II-2). S is followed because by

twenty-four: hours after the injection of.3SS-Nazso4 into

;he testis, the'glycdlipid has been labelled with the

. . v ]
355-304 and free sulfate has L§ft the testis. Almost all

q ’ - [
the 3°S is in the SGG and the newly labelled SGG has left

N

the Golgi aébgratus and is in its new compartment, thus, in . -
35 °

future experiments® counting ~~S should accuratély

represent the labelled SGG. . ,

The method of showing that the isotope did infdc; }
label the SGG was to follow the distribution of s CT
during the éxtraction and purification of SGG. Table
III-3 shows tpé results of three experiments where the SGG
was extracted and purified and then this purified SGG was

counted for SGG (sée Section II-6).

The results in this 'table show that approximapgly
ninety percent of the 35Silabelled material is SGG. The
ten pércent of the 335 that was not iﬁ thg‘SGG is pfobaﬁly
present in other sul%ated compounds, or due to losses of

SGG during the extraction and- purification procedure

itself.. ) ‘ ' h ' :

.‘/ ’
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/o e
‘Table III\;\;ESQE\tHe results of 51m11ar experiments

in whlch the SGG was extracted from the fzna .cell sus- °

. pension rather than from a testicular homog nate.

-

considered an accurate representation of 1

"procedure of the cell suspension preéarati

' 8GG in the initial cell suspension.

_The results in this table'agaiﬁ.show that 80 to 95%
niqpty pergent of what is counted as "S5 i

labelled SGG.. Thus in future experdiments !58 Four;ting was

elied SGG:

number of experiments were carried out where .the .
4 . z 3 v -

lpbelled- SGG and proteip were gfpllowed thrpugh the =
..
’ n. The results

of these experiments are shown in table Ii

'

The results shown here are typical of the cell *
[ ‘ ) ‘
suspension that were normally used ihn the %ater”expeti-
-
: 4
ments. Normally the cell suspension contai#ed about -

) 35

9:299,to 12,000 DPM of °°s, approxlmately 10.0 mgs of

9 cells w1th a v1abi&1ty of ninety—

protein, 1.2 to 1.5 X 10
six to ﬁinety—bight percent The speciflc act1v1ty of
the labelled SGG in the final cell suspensgon is approxib

matély equal to the specific activ1ty of the abelled
. . &

The method used to homogenize the cells in| suspension

was decided upon after a number of ﬁarameters

\

examined.

o

4h

-5. .

-
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Table II1I-3 = °

! ~ l . '
,“ SGG EX CTION AND PURIFICATION FROM TISSUE HOMOGENATES .
) ‘e \ ‘ . . b

o

.

-,

— : N 5 - ae
‘Experiment.} Fraction j 3SS,(DPM) $ of 7S as SGG
1 . total testis 84;551 - .
- - (4;; . pure SGG .76,941 ;91,0 . /
2 total testls— 69,122 _ ~ / ) |
f ' - r , pure sGa . 760,150, 87.1 »
3 - total testis 113,124 =
v e » > , !
pure SGG- 110,169 - 97.4 -
. ) &
35, @ L ) . . ,
Total S coun were determined by counting an aliguot of 1
the starting tigsue~homogenate from which the extraction / .

was carried out. The quaﬁtity of the isotope for the_pure

’llpld was, determined by countlng the scraplngs from TLC

T plates. These exoen;ments used the testls of one adult '

A

‘ & . rat, injectedrtwenty—four hours pr;or to theﬁr:remqval

&

fgom thearatt

@




e " " ‘mable ITI-4 .

.
~

. SGG' EXTRACTION AND PURIFICATION FROM

‘e .

i /\ " CELL SUSPENSION HOMOGENATES : . .

‘ %
— : — 2 I,
Experiment ¥ Fraction 353 (DPM) @ oF 395 a5 5GC

~

>
!

+ w1 .  total suspension 8,083 - , N

] . pure SGG . 6,519 ‘ 80.7° ’ N

"2 "totaf‘suspehsiqn 11,754 . , - i f* f k\
- . ) . / / .
pure SGG- . 11,166 - 95.0 ‘ '

</ ‘ - "o
™" 3, - total suspensidn, 10,433, . - L
- pure S6G £ 9,223 88.4

- Total’353 counts were determined from an aliquot of the
startling\homogenatguof the celllsuspension from which-thel
Y extractién was carri;d out. The quantlty of the 1sotope
for the: pure SGG was determ;ned by countlng an allquot of

the acetone batch fractlon from the 3111c1c acid column.

H_The exper;ment useg/zﬁé festis of two, 29 day old rats, .3

Lnjected twenty—four hours prlor to their removal//tbm o N

‘the rats. _ S Lo . / : .

M .
.© . -




.. " rable 11I-5 A

LABELLED SGG YIELD IN CELL SUSXSION

-~

. . _ Initial Suspension Final suspension.

35 )

S (DPM) . 152,580 " 9,360
‘protein '(mg) S 131.2 . 8.7
yield of 3°5 (3) © 100.0 ~ 6.10

yield of protein (%) 100.0 / 6.1

. ‘ -
specific activity (DPM/mg) . 1,160 , 1,080
total cells . 2.21 % 10° 1.14 x 10°

percent viability 52.3 - " 97.8

The results in this table represent one experigent of a C -
¢

number that were done where four rats were uded to prepare
‘ Y
a cell suspension. Cells were counted and their viability . '’

was determined By their exclusion of trypan blue. Aliqﬁots

were taken’ for isotope and protein determinations. The
; o, i

initial suspension is that where the testes are chopped
and suspended in buffer. The final suspension is the
A ‘
resultant cell suspension upon which surface labelling is .

carried out or is homogenized.

'3



analysed for their

centrifuged for two,” four, eight and twelve hours did not *~

B

.~gradients where enzygg'markers were assayed,

.
‘ £
.
. )
- . .
s , . ) .

(III-3) ,'STEJ'Df[ES ON THE DISTRIBUTION PATTERNS OF LABELLED

SGG VERSUS THE PATTERNS OF 'THE ENZYME MARKERS

¥

-

In order to determine the denéity distribution

pattern for the 35S-SGG, nérmal cell suspensions were S

prepared, homogenized and lqyered on linear continuous
:

<

sucrose gradients. These gradients were centrifuged for

varying lengths of time; two, four, eight, twelve, sixteen

and twenty-two hours. -Fractions from-'the gradients were-

. i
353 and protein content. -The gradients

-

¢

35

show the S-SG66G at its equilibrium density. The patterns

35

for the 77S-SGG and protein changed as the length of

centrifugation was changed. Centrifugation for sixteen

and twenty-two hours gave identical patterns; twenty-two

hours was chosen for convenience.
C . ]
35

The pattern for the S-SGG shown in figure III-1 was

typical of all experiments that were done. In all

355 and

prétein were also determineéd. Both the SGG and protein
are distributed throughout the gradients in an uneven

manner. There is a symmetrical, broad peak of the SGG

3

. o
pattern with its density at 1.13 g cm ~. This pattern

3vafiation .

was very consistent with less than + 0.01 g cm
in the peak fraction density over all experiments that .
were done., The pfotein pattern is cqmbosed of two peaks.

There is a large narrow peak at the top of the gradient,

~ B
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the alower density values, towards the top and the higher

value towards the bottom, with its density at 1.05 g cm—3

and -a broad flat peak at 1.18 g,cm-3. ‘This and all

» ' 4

J - R further experiments were repeated at least three times and

[

the measurements were done in duplicate.

4

Another experiment was performed to ensure that when !

counting 35

S, I wés correctly assuming that I was examining
'lhe labelled SGG. In this experiment a gradient was
centrifuged with the supernatant®f the hdmogenate of a r/
no;mally prepared cell éuspension layered on top. Twenty,
1.0 ml fréctions were collected and the fracéiéns between
‘the densities of 1.10 aﬁé'l.ls g cm™3 were pooléd. The

ve combined fractions had a'DPM of 4,120. The te;;§s of one

rat, wet weight of 0.46 gms, . was added to the mixture to

act as a carrier for the small amount of lipid in the

. fractions from the gfadient. The purified SGG (from the

acetone fraction of the silicic acid column) had a DPM of
35

o

S of 3,640 which is 88.3 pefbent of the total counts

present 'in the pooled‘fractions. Thus, again, the idea

L
that counting 358 is sufficient to examine labelled SGG is

validated. | ' ,
Figures‘III¥2 to III-8 represent the experiments
where the supernatants of cell suspension homogenates

were prépared and centrifuged in the same manner as in ° .

e
figure III-1 (see Sections II-3 and II-4). -

; v .‘1
' ’
Y
N
'

| Fractions f‘bm the gradients were assayed for the

35S-SGG and protein along with wvarious enzyme markers in
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order to determine. the equilibrium density distribution
patterns of the various cellular compartments. Figure

III-2 and figure III-3 represent the distribution patterns
! o
5'-nucleotidase respectively.

a

Figure III-4 represents -the distribution pattern for acid

for alkélinefphoébhatase and

phgsphatase.while figure III-5 and figure III-6 fepresent

the equilibrium dénsity distribution pattern of UDP-

galactosyltransferase an@ succinate éytochrome C reductase

respecgively..‘Figﬁre III-7 and Figure III*8 rgpresent

the density distribution,patté;ns of D—glucose—ﬁ-phoseha-
v ' b4

tase and NADPH cytochrome C reductase respectively.

The equilibrium density distribution patterns for

‘alkaline phosphatase and 5'-nucleotidase are well defined,

distinct and vef? similar. They both have one symmetrical

3

peak at 1.13 g cm 5. The density distribution patterncfdr

these two enzymes. are identical to the pattern§)for the

35S—SGG, in their shape and in their average median

3

density of tgelpeaks at 1.13 g cm °, shown on the same

figures which immediétely suggests the plasma membrane as

the location for the SGG. =

s

The equilibrium density distribution pattern of acid

phosphatase has one symmetrical peak at 1.16 g cm-3; The

distribution pattern for this enzyme is different from the

35

pattern for the ~~8-SGG in that the peak fraction '
[ - ‘

densities of the patterns do not coincide. The pattern is

also different from the patterns for the enzymes; alkaline

phosphatase and SJ;nucleotidase.

t
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The equifibrium density distribution pattern for
UDP-galactosyitransferasg.has one symmetrical peak at

1.14 g bm*3. Tgfs pattern is similar in shape to the
‘ 35

~

patternof the ~°s-SGG but different in that the peak

fraction deﬁsities'of the-ty9\ba;terns are not the same.
The pattefn for this enzyﬁg;is also diffe;ent from the R
distribution of the other enzyme markers. An imporfanf
point éo note here is thét, though the diffgrences between
the disiribution patterns of SGG aﬁd the Golgi apparatus
aressmall, ghey are consistent over a number of/experim.er'lts.,
The density distribution pattern of succinate

—

3. This - .

cytochrome C reductase has a density at 1.18 g cm”
pattern is different from the distribution patterns for !

«the other enzymes that have been assayed, as well as being
‘ 35

*

different from the distribution pattern for the S-5GG

end while it corresponds in its peak density to the lower

density peak of protein at 1.18 g cm™3

the shapes of these,
two patterns are quite different.

As can be seen, all of the equilibrium éenéity
distribution patterns of the enzymes that have been

assayed for so far, have distinct and well defined shapes .

with a narrow and limited range oY activity. However, this v

does not follow for the two endoplasmic feticulum markers,

nglucose-64§hosphatase and NADPH cytochrome C reductase.
Figurds III-7 and‘&;;fs for these two ehzymes:respectively,

show that there are multiple ﬁfoad peaks in their patterns.

. . v ‘
The enzymes' activities are spread throughout the gradients
. S i

47
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in a relatively even manner. Their activities in.all
. |

parts of these gradients are quite low with no more than

a ‘two-fold i-ncrease over the basal level of activity.

Thusf while these patterns are very different fzjom all

* the other.patterns, they correspond well to each other

and were therefore taken as accurate representations of

B

Qhe endoplasmic rpticulum on these gradients.

5
.




Fﬁgure III-1

S-SGG DENSITY DISTRIBUTION PATTERN

in this experiment the supernaéant from a homogenized

ce éuspepsion was prepared and centrifuged as desqsii:i

in the Material and Methods (section II-3, preparation-of

the cell suspension). After centrifugation the one ml
/

fraction: were assayed for 35S-SGG (0 =—e0) and protein _

(A===a) ., The results afe plotted as specific activities

versus' density. - .
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Figure III-2

[

«

DENSITY DISTRIBUTION PATTERN OF ALKALINE 'PHOSPHATASE
» . i r ) -

o

The supernatant from a homogenized cell suspension was

"layered on a sucrose gradient and centrifuged for 22 hours.

-

Aliquots c\a'f fractions from the gradient were assayed for
35 . ‘

S-SGG (e=—=9) ‘pf"“ tein, and alkaline phosphatase (A——A)

in the manner p're fusly described. Results are plotted

S~

. as specific activities versus density.

\ - v . . .
..
. \
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Figure III-3

DENSITY DISTRIBUTION PATTERN OF 5'-NUCLEOTIDASE -

The disgributi/on of 5'-nucleotidase (A===A) on the same

he: distributi&x of

gradient as shown in Figure #II-Z.

35S—SGG (¢=mm@) is shown aga‘iri. Resu\lts are piotted as

-

specific activity wversus density.
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. Figure III~4" - = ‘ B T .

S

DENSITY DISTRIEUTIOﬁVPATTERN FOR ACID PHOSPHATASE

The superndtant from a-hoqoéﬁlized'cell‘suspékggqn was

prepared and centrifuged as described in Matpriaisvand

Ay

Methods, (preparation.of “the ce}}‘guséension). After

centrifugation, the one ml fractions were assayed for
) _ ‘

35

protein, 5-SGG (o-;-o) and acid phosphatase lA-——A); ‘The

2

results are plotted ad specific activities vetsua.densi?y. ’
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- " Figure III-5 ’
’ . DENSITY DISTRIBUTION PATTERN ‘OF
: . ! )
‘ "o ~ UDP—GALACTOSY@RANSFERASE
. I a
o (‘) A Y t
- ’ .The supernatant from a homogenized. cell suspension was‘
v [ ' ) [
. ’ prepared and centrifuged as described in Materials and'’ ‘
N Materials. _After centrifiguation, the one ml fractions ® -
7» ‘_’ ' \ ‘(. )
. - were assayed for protein 35S-SGG (@ =——o) andaUDP-
T galactosyltransferase (A=—ma). The results are glottaﬁ as
. , : ‘ AN
r - specific activities versus density.
\ R . .
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. Figure III-6

DENSITY DISTRIBUTION PA?;&RN OF SUCCINATE

CYTOCHROME ;C REDUCTASE o .

. The supernatant from a hofiogenized cell suspension was

prepared and centfifqged as described in Materials énd

Methods. After centrifugation, the one ml fractions /‘

35

were assayed for protein 5-SGG (o==@) and the succinate
2 =

cytochrome C reductase system (Ae=mA). Results are plotted
[ ]

as specific activity versus density.

14
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Figure III-7

.o

DENSITY  DISTRIBUTION PATTERN OF D-GLUCOSE-6-PHOSPHATASE

The supernatant from a homoged&zed cell suspension was
prepared and centrifuged as'described/in Materials,and

Methods. After c ifugation, fractions were assayed

35

for protein, D-gluc -6-phosphatase (A=—=a) and S-8GG -
(o——@). Result are‘plotteq as spécific activities versus

density.
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- . Figure III-8

Lo

,DENSITY DISTRIBUTION PATTERN OF NADPH CYTOCHROME C

1

w

- REDUCTASE

-

—

The supernatant .from a homogenized cell suspension was J

prepared and centrifuged as described in Materials-and
Methdds. After centrlfugatlon, fract:.ons were assaYed

for protein, NADPH cytochrome C reductase (A——A) {hnd
' 35,

—

versus density.

A

g

et L]

SOV AL T Lk e tnn Dt nc 2T TR R

S-SGG. Results are plotted as SpEle_lC activities .
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; A summary of the results of the equilibrium density )
« distribution patterns of the sucrose gradients can be ;
" :
¢ sSeen in table III-6. ‘ |

s

‘ " The results show that the equilibrium density distri- = . . &
o ) 35, - -

bution patterns for
5'-nucleotidase are

these patterns from

the
identical. There are differences in

the patterns of the other enzyme

markers and though these differences, in some cases, may

$-SGG, alkaline phosphatase and

.

»”

be small, they were consistent over all the experiments

]

’ that were done. Thus, the data indicate that the location

T T of Tﬁé"lSS:SgG”‘iB“thmWrane.
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Table III-6

PEAK DENSITIES FOR THE EQUILIBRIUM

3

" DISTRIBUTION PATTERNS

Enzyme or other marker Peak density
| | . {g_em~3)

Figure #

alkaline phosphatase | 1.13
5'-nucleotidase o 1.13
acid phosphataée . 1.16
gal. transferase ‘ﬁ‘ . 1,14

suéc.'cyt. C reductase ‘ '1.18

D-g;u.-s-phqsphatase 1.11 to 1.17

NADPH cyt. C reductase . ©1.11,1.13,1.17

354 : :
§-8GG , 1.13

protein ‘ \ 1.05,1.18
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(III-4) STUDIES ON THE USE OF FPLUORESCAMINE

N

AS A SURFACE LABEL

. [}

¢

An attempt was made to e 4—phenyf-spirofurand2(H),
l'-phthalani%,B'-dioﬁg (fluorescamine) as an agent to - -
label the outsidé sﬁrface‘df'the cell iﬁ suspension.53
The experiments éntaiied the adaitioﬁ of fluorescamine . \\\\\
diséélved in aceténe to the cell suspension (section II~
5). In all experiménts the viability of the cell | T
suspension never decreased more than two percentjﬁﬁring

)

the labelling proceéure. ‘ d

The labellirng of ovalbumin was—gtudied in an effort
to standardize theé use of fluorescamine. Fluorescamine
+was added to a series of solutions containing various’

concentrations of ovalbumin; fluorescence was measured and
.

was found to be linear with protein concentration. Ongﬁof

these samples was then measured for its fluorescence over
~N

a period of thirty® hours. The intensity decreased with

time; after thirty hours there was a fifteen percent

e )

. - . , N @
reduction of intensity. ' : \\

. ' ’ .' ) ' NG

N A number of other parameters were also examined. The

{ .
presence of sucrose, tris and triton X-100 had no-effect \\

on fluorescent intensity. The addition of a homogenate of

N L ]

i

a cell suspension caused an increase in fluorescence of E
‘labelled ovalbumin but when homdgenate was added in the !
presence of triton X-100 there was no change. For that:

reason,\trition X-100 was added to all samples where



~ -
®

-

uorescence intensity was to be measured. Thus, at this

~

poihg, I felt_that I could use fluorescamine in a

quantitative manner. ~

Cells\}n suspension were labelled with fluorescamlne,'

- homogenized th then the supernatant of the homogenate was

layered on a sucrose grad;ent Flgure III 9 shows the .

results of the equlllbrlum densxty dlstrlbutlon pattern
established during centrifugation. Fluorescamine shows a.

well defined, distlnct pattern. There are two peaks, one
35

e

‘at.4§ﬁ3\g\9mf3, matchlng the peak den31t1es of S,

T—

\\\_ a
alkaline phosphatase and 5'-nucleotidase and &he! other at

1.18 g cm-3 matching the lower density peak'of protein and

" the peak density of succinate cytochrome C reductase.

The pattern for the fluorescence was not what was

.expected as there were two peaks. If the fluorescamine

was labelling only the outside surface of the plasma
membrane of these cells, it would be expected that only

one cellular compartment would be labelled and not two.

"I felt that by reduciﬁg the amount of fluorescamine used -

in the labelling proqedure, the chances of the reaction

)
of fluorescamine with non-specific sites, not on the

) surface of the cell might be reduced. For this reason,

. &, . ,
the amount of fluorescamlne used in the reactlon was -

reduc§§hfrom 1,000 pg to 500 ng to 250.pg to 125 pg.

Below T25 B%%Sf fluorescamine used fluorescence lntensity

was too low to be measured accurately by the spectro-

o

68
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DENSITY GRADIENT OELFLUORESCAMINE TREATED CELLS

i ° *

Cells were labelled with 1000 pg of fluorescamine. The °
' Q-

0"

supernatant of this hgffogenized siis’pe'nsi;'{h was_then
layered on the sucrose gradient. After centrifugation’
fractions were collected and aliquots of these fractions

N

. (S wd . N
were analysed for ‘their fluorescence 'int‘ensi}:y (S amemmd) , -

P

3 - 2 - . . ) \ 50
5S-SGG (o e) and protein. Results. are plotted as
specific activities versus density. . , N
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[4

photofluorimeter. There were no changes.in the
o

fluorescence patterns at any of these concentrations.
. -, ¥}

125 ug of fluorescamine was used in.further experiments .
¢ L )
simply because of the ‘expense of the reagent.

A number of experiments were performed’in an attempt
to‘iearn more about the twopeaks; why there are two and;

to see if there is any spec1f1c labelllng of the plasma

e ©

membrane. In one experament, a cellular\suspenSLOn that
ot ' Ve )
was not treated with trypsin was reacted with

"~ fluorescamine. - This was done to see if trypsin was

-

¢ »
I

reduéiné the specific labelling sites on the surfaces of

the cell and thus causing nore iabel on inner sites. The -

e -

cells were homogenized and a supernatant of this homo-

~

genate was layered on a linear'.continuous sucrose gradient

Aliquots of the fractions were analysed in the usu
' | 35 '

manner. Figure III~10 shaws the’ °~S and protein patt rns

form thlS experiment whlle figure III-11 show

and fluorescence patterns. _ ;

*

. There are a- number of chan?es from the normal that

can be observed from the results of thls experlment. The
- J
shape of the.proteln pattern remalns virtually unchanged
-

though there is a- greater amount ofﬂprote1naon~thegradlent

than is uSual’ This was expécted-as“there was no trypsin
present to remove any of‘the protein. 'The gattern for
35 ' 8

. - hnd

. the S has changed.) The peak denSLty has moved from'

3‘ %

L. 13 to 1.15 g~cm-., Thus, there’ 1s a s;gniflcant changer

]
.in the _density of the compartment in whrch the SGG is

.-

.71

L 4



_labelling. In one experiment a cell suspension,was/iayered

'In another experiment a normal gradiént was prepare@ from N

located when trypsfn«is'used in the preparatién of the

cell suspension. This change in densit¥~6f the SGG was e
shown to be consistent when trypsiﬁ was not used to
prepare the cell suspension. The f1u0r§5cence pattQ{n

also changed. The-.lower density peak shifted along with

3

the SGG friy 1.13 to 1.15 g cm ~° while the higher density

peak at 1.18 g cm"3 remains unchanged. These changes are

significant‘becaﬁé% they add more support to the idea that

the SGG is located on the plasma membrane and that the

7

lower density fluorescamine'péak is a result of some

specific labelling of the plasma membrane. ‘The reasons

for these conclusions will be explained in the Discussion.
| Thqré were quite a number -of..other experiments that

were done in order to learn more about the fluorescamine :

on Ficoll-?aque (Phamacia) in.prder to remove the debris .

and dead cells without the use of trypsin. ,The viability
. ‘v s ,,‘ ‘_&
after such treatment was 95.6. percent. The flubrescence

pattern was ﬁnchanged from the pattern in figqure III-1l. L
2 4 . R A

1] ‘ €
L
«

a fluorescamine labelled cell suspension. Fractions

3

between the densities of 1.10 and 1.15 g cm - were pqoled,‘

brought to the equivalent of fifty percent -sucrose and .
used to‘pfep&re another gradient. This gradient wag

céntrifuged and aliquots of the fractions analysed for

358 and fluorescamine. Thé results of this experiment.

v

are shown on figure III-12. Ih another experiment, a



a3,

. 4
»

complexed form of fluorescamine was used to label the

- 4
cells. This form of fluorescamine is a result of com-~ ‘-

plexing fluorescamine with cycloheptaamylose. The -result’

) i% a water-soluble complex.which is supposedly impermeable

to the cell. The fluorescence density distribution
pattern was identical to the pattern for the uncomplexed - .

fluorescamine.

\The'fetults of these experiments were not consistent
with the results previously shown. Perhaps the only

conclusion that. can be drawn from these experiments is that

. v
7 n 3
R P

the double fluorescence peak is probably a result of =
labelllng two cellular compartments, at least ‘one- of them
on the insige of the cell and that this may be a result

of either fluorescamine penetration into ‘the cells'or
\

lebelllng of internal sites on debr;s, free in suspens1on. ”
. a .
Though the fluorescamlne pattern was not what was

wanted- I felt that it may still have been p0551ble tokuse

thls data to support the result;“of ‘the enzyme markers. .
¥l

e
P

Since the higher density peak matéhes wgll w1th the

'

cen91ty of the peak ‘for succ1nate cytochrome C,reductase

it micht have been 90551b1e to shDW°that the 1. 13 g cm =3

peak is a result of some specxflc labelllnq -0f the cell N

Ve

surface. The only ways to answer -this question 1n thls

system was to do an experlment/@here cells were iabelled

)

-before and after they were homogenlzed.\ If there was

some specificity of surface labellxng one wduld havé.

wr B

expected a difference in the two pattexzns. Cells labelléd. 3-3ﬁ

N \ LT s Yaow o .
.

) - o ! N

'o‘ I ' "
_ , ..

uuuuu




\\pefore homogenization result in'a fluorescence pattern

§een in’ figure I1I1-9, labelling after homogenization
\——-should have been diffe:ent in that there should have been

more sites available fot labelling. ‘The relative specific

fluorescence of the two peaks should have changed with
- the peak QEbfesenting the surface labgg%ed material

smaller with respect to the other. _ )
Pigure III-13 (a) and (b) shows the results of sﬁch

b ;3 experimebt. A cell suéﬁension was'prepared anq then
divided in half. One half wasgtreated normally) labelled
v with fluoEéscamibe, bomogenized,‘iayered on a g:Ldient :/

and centrifuged. The results are seen in Figute III-13

(a). The other half of the cell suspension was homo-

-
¢ - N

genized, thenklabelled with fluorescamine, layered on a B“
.. gradient and centrifuged. These results are seen in

- figure ITI-13 (b)-. "It'iS‘obvious that the two patterns

/ ‘ are different with respect to e;ch other. The normally
. labelled cells shiow a fi/orescence pattern that is ?
typical of all fluorescamine experiments while the eells

N ‘labelled after homogenizdtion have a typioal 358 pattern
o but a fluorescenge pattern that has changed in that the

: . 'relative heights of the two peaks ‘are diﬁferent. Before-

homogenization the relative specific fluorescence of the

" two peaks lS agproximately equal while labelling after\ o

L homogenlzation causes a lowering of the re{ative speclfic

¢ " ’ 3

fluotescence of the 1. 13 gﬂcm peak. Therefore, it was




c - ".’ .
} i 1 .
. concheded from this experiment that there is some specific

labelling of ;he surface of the cells.

i
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Figure III-10

) 35S—SGG DENSITY DISTRIBUTION ﬁhTTERN WITHOUT

"THE USE OF TRYPSIN

—

-

After -the combined supernatants frgm the DNase incuéatioqs
1n the cell suspension’ procedure were centrlfnged, the
pellet was resuspensed in the homogenlzlng buffer and the
homogenate supernatant layered on'a gradient. Trypsin
was not used'.” Fractions from the gradient centrlfugatlom

35

JWere essayed for the “~“S-SGG and protein, (e——s) denotes

“"the 3SS-SGG,(A;-A)dénotes protein. - : ‘
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Figure ITI-1l1

DENSITY DISTRIBUTION PATTERN OF FLUORESCAMINE R

'TREATED NON-TRYPSINIZED CELLS

In this experiment cells were. resuspended ané then treated
with 125 ug of fludrescamine. The suspension was

centrifuged'and‘tngn homogenized. The homogéppte super-

~
~ -

natant was layered on a sucrose gradiént and centrifuged

~

\

for 22 hours. Aliqu;?s of fractions from the. gradient

. were analysed for prgtein, SGG and (o--p)efluorescence.

intensity (A——a). Results are plotted aé}specifid‘

- -

activities versus density. '
= \

] . , o -

« . . . XY
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Figure III-12 .

THE EFFECTS OF RECENTRIFUGATION OF GRADIE&NT“RACTIONS :
L S
.- 3

In this experinent fractions from a gradient of a
. 5

fluorescamine labelled cell homogenate were colleéted and

. -

)

o - .
the fractions betwéen 1.11 g cm\>3.and 1.15 g em 3 were

pooled a;ad this mixture was then used to prepare ‘a new

gradient. This gradienj: was centrifuged for 22 hours.

Fractions were collected and aliquots from thesé\fraqtions

were assayed for pro\tein, 35S--SGG (@e=—@) and fluoﬁrescence

‘intens..ity (As==a). Results are plotted as specific Y.

< -
+

activities versus density.
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Figures 'III-13 (a) and (b)

. ' STUDIES ON THE LABELLING OF, CELLS BEFORE AND AFTER »

(a)

ly

(b)

~ with fluorescamine. Again(e=-we)denotes

HOMOGENT ZATION

A normally prepared cell suspension was. labelled with

125° ug of' fluorescamine and layeied on a éradient.

N -

After centrifugation for twenty-two hours, fractions

35

were collected and assayed for protein, S-SGG

(.;—LQ) and fluorescence intensity (A=e=d). The

results were plotted agpépecific activities versus

-

density. N ‘ ’

~

]
- . f
N

I

‘This’figure-représegps an experiment that is id;ntica1~

- < {

to the experiment in f;&ﬁfe\Izzzi?—* )legcept that / = . ¢
thé'cells were first homogenized an ‘then labelled

35§—$é6'and
(A==A) denotes fluorescence. T, ;. o

iy, . . . ~e
. . .
C e R .
»
- "
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. oFigur}es iII-13 (a) and (b)
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rSTUDIES OM LABELLING BEFORE AND AFTER HOMOGENIZATION
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DISCUSSION+

U SUV

Vb

The experiments in this\the&is were designed in order

~

to determine the identification of the subcellular

~

‘compartment of sulfogalactogljcerolipid twenty-four hours ,
after its sulfation in the Golgi apparatueﬂ THe eqﬁiLi--

brium density distribution patterhe\of the various

organelles of the cell and of 3°s S-SGG were establlshed in |

TN,

the hope that the pattern of one organelle woulﬂ match

”

that of the SGG and thus estabilsh,the location of the
éGG, Before any final tonclusions can be'drawh as to.

this Yocation, .a number of criteria and problems in

AN

performlng and 1nterpret1ng the experlments must be . L
examined. Was the startlng matetlal heterogenous or

o

homogenous? The original material by natgre is*hetero- -

geneous but I wanted to work with a specific cell type,

-

the "gspermatocyte and thus, was it possible thit a cell

“ v -
sd%pension could.be @repared that was homogenous with

respect to the spermatOcyte? Throughout most of the

expgrlments, wheén counting' the 358 I was assumlng that

_ I was looklng at the 5GG. Thls crLterxon had to be

) e

establlshed becausé most f the t resﬁlfe‘ofvall -the

4 . T

experlments were baged on the %act that 325 did represent .

the(newly sulfated llpld. In thé éxpefiments;where the
identification of the dlstribution of- the organellgs was

© e ]
carried out by the assaylng of the marker enzymes, ¢it had .

© to be establf’hed that theegémarkeroenzymes dldorepresent

[y
~ -
-« -
-,




’ )

'those organelies. -When surface labelling was used as an Ty
addltlonal marker for the plasma membrane 1t necessxtated
"that the cell suspenszon be v1able subh that the label

would only come in contact with the surface components of

~

the cells. Once all these.crieeria were established, then

I could draw conclusions as to rhe subpeliular location

of SGG. S ‘ 1

A gell suspension was prepared -but what was this cell .

| Suspension made’ep of? Was thé cell suspeqsion homogenous
with respect to spermatgéytes?‘ Without histological
studies I cannot be sure but educated guesses can be made.
From the observations using phase céntrast light micro- e~
scOp&, it is bessible,'thatathe cell suspension contains v .
mostlywspermatoqytes as they are lardge, round and héye a L 1

e

‘nucleus that is so large that it is difficalt to distin-

guish it from the rest of the cell. The 'small cells

u probably were spermatogonia, erythrocytes apd interstitial

cells. It is:probable~that thére_were also some spermatids

o but I could not distinguish them from the rest of the cell -

N - ' popdlétfgh. Thus the suspension, heterogenoué in nature

\ had the appearance of ‘a homogenous mixture of cells. :

~

It should be realized that I was not the flrst to
brepare a testlculer cell suspen31on; manywother yorkers
E have déne\t@}s as well, uéinq a“Varfety of techniques ané S .
. s, Yielding a, variédty oOf resuits.: Most workers prepared cell

»

;’ . B suspensions in order to isolate and morphologlcally

. . characterize the dlfferent cell types of the testis. Some

¢




' .
“ R . . Vl ’
N
-

workers prepared cell suspensions inydrder’tp‘do'metabolic

. studies or studies such as mine on the séermatogenic cells

£

of the testis. Most workers found that when using AR ot

1mmature rats they were able to ;solate spermatocyte rich ,,;, b
cell suspen51ons. Uglng twenty-elght day olé rats, ¥

Dorrlngton and F:ltzlo found that elghty-51x to nlnety two“///\

percent of thelr cell suspen51on consisted of spermato— d ' '
H

S L Sl G e L

cytes. The rest of the’ suspensxonlwas made up pf a few

fﬁerﬁatoqxdé, immature‘spérmatids and interstitial'qelis.
£ Ehef incubated rat tubules in buffer for two hours, o '-L ? .4
3 . ‘ | constantly shaklng to release cells from the tubules, R R
1 \ - - . they also used a bovine serum albumln gradlent to separate

12,30

{// cells from debrls. Letts et al found that by. u51ng

A
a modification of the proceﬁure of Dorrlngton and Fritz they

- were .able to prepare a ce}l,puspen51on from twenty-six day

old wistqr‘rats‘thgt Jas eighty‘gercent‘pdré in spermato-

' . . ’ . .
cytes. Thus, it i5 not unreasonable to say. that at this

-

point I* had a cell suspension that con51sted of anywhere o

. - ~~ . between elghty to nlnety percept spermatocytes. Before b

. - T coyd do any of the intended analYées on the"fractiizy/»
N from the gradients, it was necessary to‘bé suxe“that'when

v . countihg 355,‘1 was really analysing the newly labelled

SGG. The 'reMylts in tables III-4 and III-5 showed that

35

approximately ningt&lpercent of the S that was counted

copurified with SGG. There was no evidence for another
-

_ compound that could' account for the rem?ining ten peréent.

’
'

. [
v -~ {”
! . .
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, «This ten percent is probably due to miﬁdr,sulfated’ -
y ~ compounds and: by inccmpyete reccyeriesjof the SGG at the T
©, . various steps»of‘the)purafication procedure. The experl- LN
| mental error explanataon as a source of the ten percent .; .

seemsfreasonable because the.value varles_qulte a bit

' o o ﬁf%% experiment to.e;periment,‘,fhus,-at this pcint in the .
work, I had ajzell scspensfcn of spermatocytes w&th’ﬁhich-
", f I knew I could follow the dlsxrﬁhutlon.?f new&y sulfated .
One, of the 1nterest1ng results fourd. when determining _. -

\ . the recovery of SGG and protean in the cell suspension wds T
‘N
.that the spec1f1c act1v1ty of the 3°s —SGG in the flnalcell ’

. ~

.
suspensaon dld not increase over the spec1f1c act1v1ty in

. the'lnltlal cell suspension “(see table“III-S). ‘slnce the -2

- ) . : 35

e cell type that lncorporates the S--SO4 1s the spermato~

‘ N a

{,
cyte and since the suspen91on was enrlched in spermato-

cytes, the cell suspension should have been enriched in .
« 354

°S-SGG. The.matter, was clarified when it was learned a

}\ . " . . I3
: ’ that the 358 SGG is incofﬁbrated only 1nto a dlscrete

30,31

<

and that thlS stage prcbably o

)

- ’ *stage of spermatocyte
K . ' accounts for only a small portion of the tdtal spermato-
- cyte populathn. Also, this stage is very early 1n the N

. developnient of the-sgermatocyte and it has been shown that
l Y I 60

\ ) early spermatocytes are poorly released from the ‘tubules N
| . i’
) . :

s - v

l . - Therefore, even though the cell suspension mlght be . -

{

enriched‘in spermatocytes, it would\definitely not be

» a

G S



N2 ' T RS
énxiched in that specxfic staqe of spermatocyte and thus, ‘ v
neither would it be enrichéd in the 3¢ S-SGG. ;"‘ i . S "é
‘ . ) "o It canﬂbe seeﬁ from the first gr;dient in figure . .
. - . III-1'that I was .dble to establish the equilr:riun‘density L
‘ 355 -SGG. THis pat\t\:ernlis" «
; ’ - reasonably symmetrlcal bnt qulte broad. ,The regson fqrn e

L. distributlon pattern for the

the’broadnessxls perhaps a f‘%ﬂlt of the polydispersity. )

of the particles. That 1s,»when homogenlzed, the cell
does not break ﬁp\into a'homogenous'mlxture of equal o

-
.

. N
sized pieces of materreii} There rs.a~dustrlbhtion of
f. pa

"4§izes and densities of. .iéles sﬁch‘that‘on the contins . |

manner seen for the SGG.BQ

. ’ . R ' ~ X . .
¥ The experiments where the.marker enzymes were assayed -

IS o N on .
[ *

cand their patterns compared to the pattern of SGG were

- °

E : then carried out.” Thé reghlts, ‘seen in flgures IIi 2"
through IT11-8 and table III- -6 auggest that the S 5GG
' is located on the plasma membrane. The patternecfor both .. "o~y

plasma membraneJEnzyme markers; figures-IIInz_andwEEI—§~4~~—ﬂ'
\

o matched the pattern for the newly 1abe11ed S5GG;, éhlle they

.patterns for the Golgi apparatus, lysosomes, mltochondria

?

~and ¢the endoplasmic reticulum, flgures III~4 through JIII~-§ >

K respectively, are difﬁerent. Accor@ing.to deDuve38 (seeu‘ o
| * " ‘ introduction) if ther;istribution pattern for a cellular : . ?
| h compOnent matches the pattern for a part cular compartment
; f . ' of the cell then component is located in that cohpartment /_ ~~¥ .:ff'

.

"We derive the informatlon not, from the properties of:




E'\ o . 3 - KU . @ e - * .1’ ‘v
" specific fractions believed to approximate a given intra- N
:/f' cellular compgnent, but from the manner in whichproperties .

are dlstrlhuted over a large ‘number of fractions, which'

together represent the whole tissue. ?9 The results shOw oo

this to be the case for the SGG and the plansa ‘membrane:. Ve

.oy

. 1] i 3 s
. ™ There “are a number of points where the interpretatron

of the data that have:been shown in these flgures could

L]

'_‘ . be crltlclzed Thls critcxéﬂ is concerned malnly with the
' h o ¢
: . enzyme ‘markers thémselves. The questlon arlses as to-

whether they really represent the organelles that I am
v assumlng them to be or are the patterns seen in the | °

R figures "artifacts 'of the gradlents and the condatiéés_//// ﬁ\\\

) under which they have been sub:ected’ To answer this
L0
a ) questfbn ‘we must be able to compare ‘the data seen 1n these

Lt experlments to the data of other workers. .

)

o e The ,data shown for the dens;tles of these marker.”, 1,1-"

enzymes match well with the known densitles (by the work of =

. - 4 . -

other researchers) of the membranes of the orqanelles

—_ I

which they supposedly represent s The mltochondrialemarkererj——~—v~*:

- succinate cytochrome C reductase in my work had a denSLty -

ofllBgcmB

=3

i this ls comparable to the den51ty of 1. 20+

that has been establlshed for mltochondrla.sll

"

/ 0.02 g cm”
- . This difference, though small may 1tﬂbe”*could be . f ) .

34 o
by the previous Hlstory

explalned, according to 'deDuve™:
L of the mitochondria. .That is, the difference could be LA
LS 4 . N . - -
: * explained by the digfqrences in’the preparation. of the .

. tissues.
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Microsomal vesicleés have béen shown to be h/etero-gen-:
ous with respect to den‘sity according to Rothséh:lll’.d'6]"'64

Smooth endoplasmic reticulum vesicles diSpiay densities

between 1.06 and 1. 23 g cm -3, Roﬁgh endoplasm:.c reti~ |, .

culum vesicles have denmties that vary between 1.18 and

-3

<1l. 26 gcm ~. It has been debated in the literature whether

smooth endoplasmic reticnlu.m 1s heterogenous with respect f
to ifs enzyme profiles as ® function of density.37’ /65 ~ J,”
NIn the results seen on figures III 7 and III-8 that the

;', mateniai‘on theseagtadients are‘ heterogene\ons with, respfect

to density’. The marker enzymes activities"a‘re spread
through the gradient and this coul.d only be explalned by

the heterogeneity of endoplasmic reticulum vesxcular

dens:.ty. It is possible that there is a heterogenous ~

-'mixture of vesicles containing ribosomes to varying degrees.

“The densit:.es of. the lysosomal and Golgi marker

\ -
enzymes also ‘match ‘well with the known dens:.ties of” -

Y.

lvsosonmsl.and_thedcel%apparatus that have been derived

<
from other tis sues .

kY

densities 7in various tlssues of 1.16 to l 18 g cm -3 66

Lysosomes have been shown tn have

while the Golgi apparatus h%s been shown to have .a dens:.ty
. b

in the range of 1.13 to l 14 g cm/,AL.&L As can be seen -

" and _a's' was expected, the density of the Gog.gi marker_'is' "
) different from the plasma membrane max{:kers, 1.14 as .
compared to 1.13 g cm -3, It, can also be sm\the SGG

follows the. plasma membrane markers and w6t the Gol&
appara%us markei:. '!hus, while not pro%ng it conclusively |

“ . o .

*
[N Y M
L] . :
.

.
.
BT P b ik e 6 e e




. , ) . N
because of the great overlap of the two profiles, the
data support the idea that the SGG, twenty-four hours
after its sulfation, is'not in "the Golgi apparatus.

{

‘ The plasma membrane enzyme markers shown in figure

«° III-2 and III-3.haye @ensities that-could well be compared
. ' 4 - s . bt

to the densities known for'the plasma membrane. The
procedure involved in homogenizing the cells (hypotonic

buffer and v1gorous homogeniZLng) probably produces small

61

plasma membrane vesicles. NeVLlle states that smafl

plasma membrane vesicles have densities between’l 12 anq
Y16 g em”3, The/den51ties of the plasma-memhgane markers

are at 1.13 g cm 3»{ If the trypsin treatment 13 omitted, ”f\

the density is 1.15 g om 3[ which is still within the range |
stated by Nev1lle.61 : "" ;L, '

e THerefore it is obvious that the” valmes for the . "X
’denSLties arrived at from the experiments in- this thesis R

L)

—

. are not’ unreasonable and thus the ‘Problem of comparing

. - these results with the results of other workers 1s non-

f . ' existent.v g

¢ .

. o Another proﬁlem related with the marker enzymes has
= f to do with the ‘wo plasma membrane marker enzymes, 5=
“. nucleotidase and alkaline phosphatase. Alkaline phospha-
. tase is a nOn-spec1fic enz&me that hydrolyses monophos- ’
, phate esters. It will hydrolxse p—nitrophenylphosphate
:" and 5'<adenosine monophosphateJ(the'supstrate used for
5'-nucleotidase) at very 91milar rates.68 €9 Both assays

N .“" g were\aarried out ‘in. glyCiﬁe buffers at alkaline pH
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4
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o

-

v

[}

containinq‘ magne'sium. The major 'oonoern then, was that

the activities of the enzymes were nbt being measured \

i * r

separately. Some prellmlnary experlments were done in

order to establish whether or, not this fear was valid.

-

Thede experiments loogced at t_he e‘ctlvn,ties of the enzymes‘r.'~x
gnder varying conditions of ‘etal _ion .copcentrations,

buffers and pHs. The results of these experiments 'showed

[4

that the hydrolysis of thése . two substrates responded
.
- dlfferently to the dlfferent cond:.tions and thus are most

+

llkely due to dlfferent enzm?s.
In summary, the sn.mplest explanation for the dat\

shown by the results of the enzyme marker distributlon

'

patterns is that the new location of the SGG :.n. the

.

spermatocyte after its Sulfation is the olasma membrane.’

There will be some doubt- t'hough ds'to the J.nterpretata.on

of this data, beoiuse, as was stated in the introduction, -

not all of 'the enzymes that were used "have rbeen shown to

be markers for the:.r partlcular subcellular locatlons in

»
the testis. Even though they have heen extens:wely shovéx
'to be located in these subcellular compartments of ‘othery

VRN o O 4 \. ‘ ’ . Y
these compartments in. the test/i,s'. This is what ‘presents

the problem. " There will-always be the doubt

intrepretatlon that the SGG is on the plasma me ‘rane

A

because alkaline: phosphata‘se and 5'—n,ucleot1.dase might .
not be located on the plasma r'n‘embrane of the testicular

«7’erminal cells. .For this reason another criterion ‘is » -

¢ -
. ‘ -

/ ' | | '
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 following ‘the .distribution of the plasma membrane “is'

. -

needed for the determination of the plasma membrane,

) u

A4

1ndependent of the work done or not done on. other tissues.

LY

. There are a number of methods other than enzyme '
assays that\é:an ke used’ for the determination of the

\
dn.strlbutlon of plasma membrane. Cholesterol with its

prlmary location in the cell be:.ng tha};» of the plasma

70

membrane ‘has, b(en used on a, numberoof occ:asn.ons:.,;as a

marfcer for the plasma membrane. Anot}ner method of

through the uSe of a surface labgl. A surface label is¥
-y ' : v T : A
a reagent or compound which will react with the outside

surface of‘viable cells and thus "‘tag" the plasma membrane.
. . ) * o © ' ' B M -
The cqmpound may be either radiocactive - or:fluorescent in.
nature. One of the advantages of usihg a method such as

3 »

‘thls to follow the distribution of the plasma nembrane is

9

that :Lt is independent of the tlssue or the work’ done on

-

that tissue. Thus, the use of a surface label was chd'sen

to add an adaitional marker for'the plas‘ma memibrane. The

surface label .used was fluorescamme. Fluorescam1ne was

71

Or1g1nally ‘designed as an am1no\ac1d label Upbn -

react:.on with free amlno g:coupe Of amino acids and proteins

thlS compound produces a ,fluorescent product, it }s also h

¥

R hydrolysed pz.zod}lcing non- fluorescent by-products. The

-

is- approximately 100 milli-seconds while for the non-

-~

fluorescent hydrol’ysis products it is approximately five

secoFQ,s . 72

.Thus,Hawkes et al_ felt that fluorescamine

o

4
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o

- and that it does not then attach to'other sites during’

f

the m'embran‘ would n&ost likely b‘ef\hidrolysed -to non-'

fluorescent forms.. Thus all flporest:ent broducts should".
LY ’ - » . 4

be locatéd on the piasma:memb::‘ane.'5 3.73 .

[y

A number of conditions must be met before the *

74 It

' . ! . L

)
intended goals of a surface label tan be'achieved.

must bond covalently with some site on the surface of the

cell such that 'the binding of the~reagent is g re;rersilale' .

~ N

’

f\;rther work on° the material The cells in suspensmn v
must be whole and v1able to the pQint where the- reagent
' cannot enter the cell. If cells are damaged or there is .
. debris ~flpat1ngain suspehsmn the reagent might enter the’

i
cellmand react with these p usly unexposed sites.

?

v

}
Since there are many more. internal s:L.tes than external

s:.tes labelllng results may be confusing; there may seem
to be a higher degree of spec1f1c1ty for 1nterna1 sites
than for external sites. The conditaons of labelling-

‘ must be sncn, that they are rapid to prevent the reagents '

penetrating thef,eell and mild so as not to damage ‘or

[-]

, . ) . ‘
destroy more cells and-thus expose more internal sites for.

labelling.

]
) 4‘(‘ '

Fluorescamlne meets a number of these condlt:.ons' it

reacts covalently with free am:.no groups; and, the con—
dltlons of labellmg are such that the proceduge is qu:.ck

"and mild to the point where no more than two percent of

2

04

-
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the cells are destrbyEd during the procedure itself. The

. .
S 4 . ’ o
L \ ’ M L] . s
. ! .o
.
¢

- ) need of a hxghly viable cell suspension was another
matter. When the testls qere removed from the rat,
chopped and suspended in buffer, more than haLf the cells

" were dgngged or destroyed:‘ A procedure';ed to be estab-

k‘lished where a highly viable ce}l suspensionlcould be

prepered£ The experiments desoribed in the first part of -

'section III, were such an attempt to deyelop a prooedure

for the preparation of a cell suspension that yielded'

~

Maximum viability. . The results show that highly viable
w Ca

cell/éuspenéions could be prepared.' Cw s '

If fluorescamine ‘was, useful as a surface label one

would expect a single peak on its density distribution

labelled. The shape and peak fraction'of the profile
~. should be identical to that of the plasma membrane enzyme
’ ~markers., It is- obvious that the results in‘figure ITI-9
were not what were expected. There are ‘two peaks on the ’

@ pattern at 1.13 and 1. 1é g cm 3. The two peaks correspond

\ . _ to those of the plasma membrane and mitocnondrialiénzyme'

markers respectively. It can be,concluded then that

fluorescamine is not specifically labelling'the surface of

the cells in suspension. ' Thus, from the data in figure
III-9 no conclusions can be drawn to support the previbus
\ evidence for the 5GG to be located on the plasma membrane.

I have shown that fluorescamine is not a.very specific

P A
o

surface label for these rat testicular cells. This

: ¢ " . ~{
g -

profile, for only one cellular compartment should have been )

- 9

o



« differential sedxmentation or isopycmk:equilibrium sedi-

‘conclusion about the usefulness of fluorescamine as a

Surface label is supported by Cross and BriggsTs who -

I
showed that fluorescamine is not a specific reagent for =

the Cell suraace. Theylabelled slices of tissue*from corn

4

coleoptiles ‘and then fractionated - the coleoptiles by -

,mentation on sucrose gradients. They foundgthat seventy-

five'percent of the. fluorescehce was associated with the
-soluble proteins of the cell, the specific fluoregcence.
was not very high (only 0.7 times asﬂhigh as'the homo;"
genate). They also. found that the-d;stribution of fluo-

‘ rescence was‘siqilar to the distribution of a number of

. intracellul&r'enzyme markers, especially cytochrome C

oxldase for mitochondria, as welﬂ\as being similar to the
dlstributlon of a plamsa membrane enzyme marker. Other

data that they presented, labelling before anduafterb

4
,homogenlzation of cells, strongly suggested to them that
P ’ ‘D

Eluorescamine was labelling the endoplasmic reticulum.

Thus they- felt that fluorescamine was not a‘specifié

surface label.

h Y . .
- ~ . A
-

Therexare ar number of reasons ggy fluorescamine ;s”not
a’speclfic surface label-in this andﬂother systems,
Fluorescamine'is a highly lipbgﬁilic moleculesg'and as

such it would be expected to penetrate membranes quickly

and thus label internal sites before non-fl rescent

///)/H§E;olysis products are formed. There is, as well, an °

e

S -
" excess of sites to label on the iriside of the cell over

o

‘ » + - .
. - 5 N r,
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_mine for the outside surface of the cell. ‘Meistrfch‘

.
- .

the 51tes ‘on the out81de of the celI76 and thus,’ this'

"concentration gradlent" would be expected to favor

LY

dlffu31pn of fluo;escamlne;lnto the cell anfl its reaction
with the sites tberein.77 . .

.Though I have shown and given reasohs for the non-.

-

. spec1f1c1ty of fluorescamlne it mlght Stlll ‘be 90351b1e

to use ‘the data accumulated to support the SGG-plasma

membrane ev1dence. I would have to remove . the second

ot 97

1.18 g\cm-3 peak by making the’ fluorescamine more specific’

for the surface of the cell, éxplain why the second peak

is labelled to such a highl} specific exteht and identify

: more clearly the two peaks ;'already have. ‘In other wofda,'

1f I could show that fluorescamlne has some selectivity
for the surface df the cell then I could probably use the

results of,theseoexperiments.tq stiengthen the Sgd—plasma‘

membrane jdea. ‘ g y -

s

-

fIn the preparation of the cell suspension trypsin was

used. Melstrich60 claims that trypsin will not have any

o

effect on the llve cells in the suspen51on, that 1t w111

“degrade only those cells whlch'are dead. This does not

seem likely, which will soon be explained, and may. account -

for an even greater "concentration gradient" of sites than

was expected’and thus lessen the specificity of fluoresca-

-

assumed that trypsianquld not affect the live cells

,because he ohly observed .a decrease in the population of

dead célls. ’Asfhas already been seen,-.X have had‘ the same -

.
v . . . >
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results. But this alone does not preglude the fact thatk
Strypsin mlght be acting on the 4iembrane of live cells in

such a way so as to leave the ‘cells 1ntact. It is

AR

pOSSlble that tryps;n acts on the protelns of the cells' -

2 suriace but does not degrade them totally as they are

, 1mbed&ed in: the llpid bylayer. This would cause a

+ [

reductlon of sxtes on'the surface of the cell for the

_fluorescamine to react with but.at the same time leaving
N : L

the integrity of the cell intact. Many workers have shown

/
éf:\ that protelns,Yboth soluble and membrane bound, are ®

. affecteds by the 4ction of trypsin.
78

When cuatrecasas xncuyated adipose tlssue cells

L

with .30 ug/ml trypsln for flfteen minutes he found that.

. . there wis as mush as an elghty percent reduction in the

s blnélng of lnsulln to the 1nsu11h receptor on the plasma Lo

79

membrane of these cells. Other workers showed that

. there was a visible degradation of the insulin receptor, as

@
1

seen on SDS polyacrylamlde ‘'gels, when cells treated with

_trypsin at concentratlons much 1ess than was used for the
' 82,60

“

preparatlon of the testlcular cell suspensions.

[y

H

) They found that purifled‘plasma‘pembrane of isolated fat

cells on'SDS/polyacrylamide gel electrophoresis had at

- leagt eleven major protein pomponents rang;ng in apparent

:%; . ) molecular weights from lﬁd 000 to 22 000. of these
2%§~ o0 6“3 protelns, when the cells were treated’with 10 ug/ml of ’

fz _"ﬂ, ' tryp51n for flve minutes, the 68, Joo ‘54,000 -and 42,000

u§§ . molecular welght peptides were. affected.\ Thls was seen as

%ﬂ | ¢ B f‘f :
o : ' ’




a reduction in the 1nten51ty of the bands of proteln. This™ .

“

-‘quantlty of trypsxn also caused the reductlon in the abllltn»

of the membranes to bind 1nsu11n. Thus, tryp51n‘mcst .

deflnltely has an effect on the prote@ns in the plasma

membrane ‘of cells.ﬁ rypsin will rednée the amount of oo ;
- i .

_ protein, therefore the membranes should be llggter than

in non-trypsinized cells. Why then should the cells of
the testis be any different?

The question as to the effect of trypsin on the

sﬁermatccyte cell suspension was answered bg the results/

of the experiment seeﬁ,in figure III-10. In this expefil ) .
ment the patterns for the SGG and protein are‘seen when a

cell suspension was obtaxned without the use of trypsin.
Comparing thls'w1th the pattern of SGG as a result of

trypsxnlzatlon it .can be seen that the patterns are‘not the

same, the non-treated materlal bands at a higher den81ty,

1.15 as compared to 1.13 g cm 3. Thus, trypsin treatment

does affect the cells though they may still be allve and
u. . cL -
viable. . , ‘ o

*‘The’ effect of trypsin on the banding density of SGG
gives another 1ndicat10n as to its locatlon. If the cells -

are whole and v1able, then trypsin should not enter them as,

80

its molecular weight is approximately 24,00p. Thus, the

*

,only»effect that trypsin should have, is on the proteins of

the outside surface of the plasma medbrane. When it is seen .

that SGG changes in densxty from 1.35 to 1.13 g om -3 - by

the treatment with trypsln it suggests that the compartment




%

LY - \
- while the lighter peak follows the SGG to 1.15 g cm ~.

, X : . ~.
in. which the SGG is located is affected by the trypsin .

‘and thus an indication that the SGG is located on the

\

plasma membrane. This should not be taken as a proof as

it was not ghown whether or not the other cellular com-

i '

. ponents were affected by the.trypsin treatment.

.The trypsin tregtm;nt mightfbg affecting the
épecificity of surface labelling and\it—waé therefore.
logical to .attempt labelling with a cell suspension that,
was not treated wiph'trypsin. The results of this e%peri;
thent seen in figure III-11, show that the dersity di;tri-
buti?P pattern is very similar to the first one in'flgure

III-9. The heavier peak remains unchanged at 1.18 g en”3
A\

3

b

already stated, SGG is on the plasma membrgﬁe
apd‘that the Lig er fluoreséence peak is due to labelling

the plasma membrane, then it followq’thét this lighter peak

~l

'S .
would change -its poéiti n with the changing SGG as a result
) D .
of .the trypsin treatment.' If the heavier peak is due to

. o )

internal sites being labelled, then its position should

h

not and di%gbOt change. But what about the relative

]

intensitiéE of the two peaks? This d4id not change. If,
the .heavier peak is due to fewer specifig sites on fhe \
surfaée of the cell, then, withouf tfypsin ‘there should be ’
more sites and thﬁs, more specific labelling on the cell
su;face but ther% is, without*trypsin,‘more intraéeilula;

debris in suspension, giving rise to more labelling here.

~.

Therefore one would not expect'very‘great differences in




)

»

2

-peak is-due to fluorescamlne peﬁetratlon into the cells is

the relative intensitiés of the two peaks and thus (the

results were not surprising.:
fhe peavier peak of fluorescence wasvétill an enigma

and.thus the reason for the ekperiment where the attempt

wé; made to prepare a cell suspéesion which was,free of

‘internal debris floating in suspension without the use of

‘trypgin. if such A cell suspenéibﬁ could be prepared and
I could show;ihat the specific intensity of the heavier _
peak ie not reduced then it weuld be poé%ible‘tolsdy'that
the heavier peakwwas prebably due to penetration of‘
fluorescamine »nto the cell If it was found that this .
heavier peak was reduced sxgnlflcantly then-it is probable
that the peak was a result of iébel}ing“debris in suspen;
sion;' As was staied in the results eectiqn, the specific

intensity of the heavier peak relative to the lighter peak

did not change and thus it is probabile th;}‘the heavier

peak is due to labelling of internal sites by fluorescamine

a 0

‘pene;ration into the cell.

v

A confirmation of the hypothesis that the heavier
<

not given by the results of the experiment where a <;

complexed form of fluorescamine was used to label t

cells. This complex form has been shown to be non-

penetrating76 7T and thus if I could show that with this

fgd

non-penetrating form, there was only one peak for theé
. Ny A ‘
fluorescence profile then the heavy peak in fiqure III-9,

could be said to be due to labelling internal sites of the

k4

o°
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13 ing cell, fluoresbamlne peneé&ation. The ;esults, a

pattern~identical to flgure ITI-9, and thus.not shown, do ‘

not show’ thig~to be the case, they 1nd1cate that they .

labelling of internal ma;erlal free

heavy peak is due
;1

suspension. This seéms to be contrary to the results of
. ’ N N '
the ficol-paque experiment. “It seems then, that a possible

explanation for the heavy peak of

+

luorescence is due to a

number of conditions. In the normal “cell preparation ‘ ’

Y

there’ probably is free mltochondrla in uspeyélgz that the

fluorescamine is lébelllng. The fluores aﬂine is élso .
probably penetrating £h§ cells and this p%ﬁetratlon is ’
probably increhsed by the use of %¥ypsin in the preparatigm
of the cell suspenSLOn. Thus,'it Seems fhat the fluores—‘
cence caused by the reactlon of the cells in, suspen51on
‘w1th fluorescamine is not spechlc for'the surface of the.
. ‘cells. ‘ L SRR . ‘
There is, though, some specific surface labelling as
is seen by the_results of\the experiment in figure III-13

(a) and (b). n the cells are Iabeiled after they have

beenr homogenized as compared to being labelled before'’

~homogenization, the spegific labelling of the lower density
peak is reduced as compared to the higher density peak.
This is'what was expééted; when cells are homogenized and

then labelled there should be more lahelling of internal ‘ '

sites (a percent of-the total labelling) as compared to the

labelling o% the plasma membrane.. Thus,it seems

after all, that there is some specific labell ng‘of the

- \ r /
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. : ¢
sugars are added on the proteins while it is still

. - ¢ ‘ . ' .
surface of the cell. s : .

p

£
Therefore, while [ did not -have a good surface

\ ”’

™ i

labelling, patterr, there does seem to §f somewhat of a
profile for the plasma membrane.  The 1.13 g cm™3 peak
probably represents the plasma membrane' and the 1.18 g em™3

peak probably represents mitochondria, however it is

. 3
labelled. Thus, while .fluorescamine labelling did not

’ * L]

provide the final piece of evidenqg for the SGG-plasma

membrane idea, it did not detract frdm the idea and it

does give some support to it, howevef small. ) | - 5
In sﬁmman?, once sulfated, the SGG leaves the Golgi

and is.found twenty-four hours later on the plasma membrane.

This movement of a glyéolcosylated‘cbmpound from tﬁe Golgi -

apparatus and its subsequent\iocgpion on the plasma

membrane is not unigue.
$

More than eighty'percent of all cellular glycolipids

vare located on the plasma membrane.?l'84 { Most: glyco-

protelns are also located on the plasma membrane.85’86

Much research and wgrk has been done in this area of -t
biochemistry. The backbones gg\glycoprotelns and glyc?—
lipids are synthesized on or in the endoplasmic reticulum.

Once thesé.backbones have been synthesized some of the

sugars are incorporated into them.33 In fact some of these

" rowin ". 33 At this point N-acetylglucosamine and D-, * ¥
g g

—
- . . o+

mannose residues are 1ncorporated into_the“protein and

llpld badkbones.33 87 .

b ~ -
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L M the glycopgo;ein and glgcolipid cores then move

rd

o

“to the Golgi apﬁaﬁatﬁs.; There%are a number of tﬂ;oriesﬁ
. LT ) 4.
on how this is accomplished; thettransport might.-be /;;/f

through a éontinum of egdoplaéﬁid reticulum and the
X ' 87,88

e

Golgf apparatus or ‘through the use of vesicles.
& [ M - T . -

,Howevér, the transport is accomplished, once in the
- : . .

Golgi apparatus the egcoproteigs.and glycolipids are

completed by;the‘?ddition of more subars: . Here, L-fucose,

~

, . » el
D-galactose, sialic acids and 'some N-acetyl-D-glucosamine

are incoxporated into the growﬁng‘sugar chains, one by
33 7 . ' o e

-

one.
| once- all the sugars have been’incorporaéed onto the |
groteins and jipids} some @f them éré sulfated kSGG for .
exémple), they move to the plasﬁa membrane, probably |
accomplished by sediétoryaves%dles. Glchp?oteins gnﬁ
gl&colipids move through various subcellular organelles

. B
during their biosynthesis. The.last stages of these

' syntheses are ‘'carried out in the Golyi apparatés‘and théygﬂ

then move to the plasma membrane.3? Thus, it can be seen

'that the sulfation of the,éGG in the éoigi.apparatus and

o \ ¢ .

i%% subsequent location’ in the plasma membrane is by no

K]

means unusyal and is most likely.

.

What is the purpose of SGG on'the plasma‘ membrane?

-Glycolipids and glycoprdteins on the plasma membrane

-

,have been sho‘? to have many functions. They have been

* ’

N [ ] . .
showqﬁyo be involved inﬂlntrafcellular communications.,

Q

.
For exanmfple, glycolipids and glycoproteins have been shown
)
- /
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between cells.

:, development.

. -on the ‘cell surface, to the activity 6f the sodium-

e 8 4

3 -

89 90

, to be antxgenic. ' Having this antlgenec property

'
4

N,

enables cells to 1dent1fy "foreign" cells in a tissue and
thus help to fight off‘"lnva51on".by a potentlally
harmful‘ihterloper. Ey the same tokénﬂ?@ese antiéens
,help in the recognltlon of cells that are not’ foreign.

This could bé a purpose for the SGG. It ig 90551ble that

. .
, SGG has antigenic properties as other sulfatides have been

shown to have antigenic properties.

4
-

. » )
Another possible func%&pn for the SGG also lies in

the realm of intracellular communication. T®is has to do

)

specifically‘with cell-cell intéractions. It has been

suggested that glycosyltransferases exlst on the surface

91,92 A

of cells and because of thlS, glycoslyatxon can occur

92 TQe glycosyltransferase present on the
surface of one celg‘qpuld glycosylate glycollplds on the

surface of another cell. This may have to do with com-

~munication of env1ronmental factors and\or'cell-cell

adhesion. ThlS seems llké/f for the SGG as during the °
//

developmens*of the testis there 1s the need for much cell-

cell interaction and communication because of the inter-

action of the various cell types during their stages of.

,

. Another p0551ble funct;on of the SGG on the plasma -

NY
. ‘membrane came to light when the paper by Hansson,,Karlsson
f . Y

P4

\and Samuelsson was published.93 Here, they discuss the

possibility of the relationship of sulfatide concenération,

v



- are located on the outside surface of the membrane as most

potassium:depeneent'adenosine triphosphatase. They
worked with the sulfatides of the erythrocyte; lsglatéd
the sulfatldes and then compared these concentratlons to
the activity of the enzyme. They fo;nd that there lS
indeed a cgrrelatlon\between the concentration of sulfatide
and the activity of\the,enzyme; as it inqreased in various
tissues the actayity of the sodium-potassium dependent ) .
adenosine triphosphatase increased. They also feelathat
it is possible for SGG to be lnvolved in the activity of -
-this enzyme and therefore sodium transport. SGG might-be
. acting as a co~factor for the enzyme. ' Since sulfatides
clycolipids and glycoprotelns are, they might have a ’
"polar™ interactlon with the enzyme®* proteln. " The sulfate
is probably close to the outs1de of the catlonlc gate, and
thus they . feel that "the esgeritial ﬁ%pctlon of a sulfate |,
group (selection of K before Nat ) in clése proxlmlty to

rd

the gate site is to donate k' to a short~lived ountside -
site." Thus,we have a possible function of the SGG on the
plasma membrane. Some further work in.this aréa could be .
done to chéck‘the relationshio of the SGG and the sodium-
potassxum dependent adenOSLne trlphosphatase through the
varlous‘st;ges of spermatogene51s. At this p01nt it would
be necessary to, show where the 8GG is located:xn the plasma.
) membrane; that is, is the SGG located on the inside of the

plasma membrane or on the outside. One possible way to

_ determine this is to incubate cells with argl sulfatase A.

a

.
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’Thie enzyme'has been shown to\gemove the.sulfate group

94

“from sulfatides ? and if it could be shown that there is

Aact1V1ty for the enzymeﬁtheh, eince the enzyﬁe'was net ///
.acce351ble to 1nternal 51te S, We- é%uld say that the SGG "is
%ocated en the;a‘t51de surface ot the,plasma'membrane. of
cgg;setthis does not preclude that SGG could also be" -
located on the innet surface of the plasma membrane€. >

" . There ;}e a number of othet experiments that could )
be done 1n or@er to add more| weight to the argument that
.Sdb ;s on the plasma membrane. These/experiments cOuld.
include some'of the-idfas alreaéy mentioned, such as, the

- -
~ NI

/tfypgin experiments where ‘the marker enzymes would be

determined before and after. trypsin treatment. 'The use of
arylsulfatase A could also help in the determination of the

location of the %GG. If we -qould show| activity fgrv3SS-SGG

; then we could saYy that SGG i on the plasma membrane, let

r

.alone say which half o. the bylayer. ‘
Once the locatlon.'s»f//;n, and 1t now 1s, SGG *can be.

used as a marker for'the Plasnm membrane because of the

fact that it is easily labeiled in vivo. Thie fact could ’

be useful in further work on studies of the changes
- ? ’

.+ occurring on ‘the plasma membrane during spermatogenesis.

- v

‘ v .
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CONCLUSIONS

N

. I- have determined,through_t?e use of equilibrium

Ny

density:gradients the patterns for various marker enzymes

,  ©on those gradients of the cellular organelles of rat

) o Y,
. spermatocytes., The SGG pattern 'was the same as the marker

.f/—-l

of the plasma membrane and different, from the markers for

**éother cellular organelles. Therefore, it was concluded
N ~N
that after its sulfation in the Golgi apparatus’ sulfogal-
-
actoglycerolipid moves to the plasma membrane follow1ng

the same route as most glycoliplds and glycoprdteins.

’ F
. Thus§® in agreement with the work of Millette and Belve, it

can be shown that at specific times during spermatogenesis

the plasma membrane, which probably plays a major role in

the differentiation précess and fertilization, changes to

a considerable extent.
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