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Mature rat testis contains a high molecular weight species
of phosphatidylinositol transfer protemn
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Immeunoblot analysis of a rat testis cytosol fraction revealed two proteins which reacted with a polyclonal rabbit
anhbady ta bovine phosphatidylinositol transfer protein. These two proteins were separated by anion exchange and
molecular sieve column chromatographic procedures and shown to catalyze the transfer of phosphatidylinesitol and
phosphandyicholine between populations of small unilamellar vesicles One protein was identifted as the phosphati-
dylinosito! transfer protemn detectable 1n 16 other r i fissues and many enkaryotie spectes; the other phosphatdylinositol
transfer protein was unigue to testis. The molecular masses of the proteins, determined under denaturing electrophoretic
condutions, were 35 and 41 kIa, respectively, When testis was examumned in animals from birth to six weeks of age, the
35-kDa protein was present throughout, while the 41-kDa protein first appeared during week 4 and increased to adult
levels by week 6, a small yet significant increase n tissue phosphatidylinositel transfer activity accompanied this
expression of the testis-specific protem Selective destruchien of Leydig cells by ethylene dimethanesulfonate did not
cause any detectable loss of the 41-kDa phosphatidylinositel transfer protein The structural and catalytic relationships

between the two teshicular phosphatidylinosito] transfer protein species remain to be etncidated

Introduction

The movement of phospholipid molecules between
membranes 1n euharyouc cells is accomplished, 1n part,
by cytosolic protevis [1] For a wide vanety of aumal
and plant species and cells, a number of phosphohp:d
transfer protems have been described [2-4], wncluding
proteins specific for the transfer of PtdCho (phos-
phatdylcholine), protemns which recognize and trans-
port PtdCho and PtdIns (phosphatidylinositol), and
several nonspecific pid transfer proteins We have re-
cently descnbed the purnification and presented some of
the structural and catalytic properties of PidIns transter
protem from rat [5] Pnor to our efforts to punfy this
protein from brain, we undertook an extensive survey of
tissues to idenufy and quantitative PtdIns transfer activ-
ity and proten Using a polyclonal antibody against

Abbreviauons  Hepes  N-2-hvdroxyethylpiperazine-N “-2-ethanesul-
foruc acid, LacCer, lactosylcerarude, PMSF, phenylmethylsulfonyl
fluonde PidCho phosphaudylcholine, Ptdlns phosphatidyhinositol,
PtdOH, phosphatdate
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bovine PidIns transfer protemn and the techmque of
mmmunoblotting followanz electrophoresis 1 poly-
acrylamide gels an the pre.ence of sodium dodecylsul-
fate and 2-mercaptoethanol, we cobserved a comumon
nmunoreactive prote. (35 kDa) m all rat tissues ex-
ammed We also notcd an additional immunoreactive
(41 kDa) uuque 1o testis, in 16 other male and female
tissues we could not detect this lugh molecular weight
protein We report here further charactenzation of the
testis-specific PtdIns transfer protem, mcluding 1s dis-
tribution 1n the male urogemutal system, some molecular
and catalytic properties, and developmental expression

Materials and Methods

Tissues and reagents

Pregnant female and adult male rats of the Sprague-
Dawley strain were obtained from Sasco (Omaha, NE)
and housed locally until use Larger quantities of rat
testes were purchased from Pel-Freez (Rogers, AR) and
stored at —-75°C  myo{2-*H]Inesitol (555 GBg
mmol ') and [9,10-*H]oleic aeid (178 GBq - mmol ™)
were purchased from Amersham (Arlington Heights,
1L), cholesteryl[1-¥Cloleate (21 GBq mmol™') was
purchased from New England Nuclear (Boston, MA)
Bovine plasma albunun, goat anti-rabbit antibody-al-
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kaline phosphatase comjugate, PMSF and pepstatin A
were purchased from Sigma Cherucal Co (St Lows
MO) Egg PtdOH was supplied by Avant {Brrrungham,
AL}, and LacCer was purchased from Sigma Whatman
DE-52 cellulose was obtatned from Whatman LabSales
{Clifton, NY), Sephadex G-100, 40-120 pm, was
purchased from Pharmacia (Piscataway, NJ), Aquacide
111 was a product of Calbiochem-Behring (La Jolla,
CA), and mtrocellulose membranes {grade BAROG) were
obtained from Schleicher and Schull (Keene, NH) Eth-
vlene dimethanesulfonate was synthesized from ethyl-
ene plycol and methanesuifonyl chlonde and char-
actenzed accordmg to Jackson and Jackson [6] A
testosterone radioimmuncassay kit wis generously sup-
phed by Diagnostic Preducts Corporation (Los Angeles,
CA) All other reagents were the tughest quahity avala-
ble

Preparation of cytosoli. fractions

Tissue samples were obtained by rapid dissection of
CO,-asphyxiated ammals and placed immediately on
ice. Aliernauvely, frozen nssue was thawed at 37° C and
then placed on ice Subsequent steps of punfication
were performed at 4°C The tumcae vagnalis and
albuginea were removed from each testis before homo-
genization Using a buffer of 025 M sucrose and 10
mM Tris-HCL (pH 7 4), containng 1 mM Na,EDTA.
01 mM PMSF, and 15 uM pepstain A, a 20% homo-
genate was prepared m a motor-driven Potter-Elvehjem
apparatus operated at 800 rpm The homogenate and
resulting supernatamt fractions were subjected to
centrifugation at 1000 X g for 15 mun (IEC swinging
bucket rotor), 13000 % g for 20 min (Sorvall GSA ro-
tor), and, fnally, 150000 X g for 15 h (Beckman Th
502 or Tr 75 relor) The mgh-speed supernatant (cyto-
solic fraction) was dialyzed overmght against 5 mM
sodium phosphate, 5 mM 2-mercaptoethanol, 1 mM
Na,EDTA, and 02 mM PMSF (pH 7 4)

Calumn chromatagraphy of testis cytosolic fraction

A portion of dialyzed rat testis cytosohc fraction was
apphed to a column of DEAE-cellulose (1x20 cm)
equilhbrated in 5 mM sedwm-phosphate contaimng 1
mM Na,EDTA, 0.1 mM PMSF, and 15 uM pepstatin
A (pH 74) After extensive washing, protemns were
eluated with a linear gradient of NaCl {0-300 mM 1n a
total volume of 350 ml) in the same buffer at a flow rate
of 80 mi-h~! A second portion of the cytosohe frac-
tion was concentrated with Aguacide 111 and applied to
column of Sephadex G-100 (2 X 95 cm) equhbrated
50 mM sodium phosphate, 50 mM WNaCl, 1 mM
Na,EDTA, 01 mM PMSF, 75 pM pepstatin A, and
002% NaN; (pH 74) Elution was carnied out with the
same buffer at a flow rate of 25 ml h™'
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Phospholiprd transfer actimty

Phospholipid transfer activity was measured belween
two populations of small umlamellar vesicles, as de-
scribed previously [7) Donor vesicles contaned 87 mol%
PtdCho. 5 mol% Pidins and 8§ mol% LacCer, while
acceplor vesicles contained 95 mol% PitdCho and 5
mol% Pidlns or PIdQH FEither phosphaudylf ‘*Hlin-
osttol or 2] 'H]aleoyl-PtdChe was mcorporated into the
donur populatinn as transferable substrates while 02
mol% cholesteryl["*Cloleate was added to the acceptor
vesicles to monitor recovery Followmg incubatnn of
donor vesicles (50 nmol phospholipid) and acceptor
vesicles (150 nmo! phospholipid) in 05 ml 10 mM
Hepes, 50 mM NaCl and 1 mM Na,EDTA (pH 74) a1
37°C for 30 mun, donor vesicles were quanuitatively
removed by agglutir ation and precipatation in the pres-
ence of Ricinus conmurus agglutunin (7], and acceptor
vesicles were analyzed for transferred radiolabelled
PtdIns or PtdCho Control incubations were performed
without addiuwon of transfer protein Acceplor vesicle
recovery was Y0-95%, contammation by donor vesicles
was <5% Acuwitv was generally expressed as nmol
phospholipid transferred per h

Elecrrophoresis and imnunobloting

Proten samples (1-200 pg) were subjected to ¢lec-
trophoresis on 0 75-mm gels of 12% polyacrylanude
the presence of sodium dedecylsulfate and 2-
mercaptoethanol  Unstained and Coomassie bnlbant
blue-stained molecular weight standards were applied to
the pels Proteins were detected by staming with
Coomassie br thant blue For immunological detection
protems were elvctrophorctically transferred from poly-
aerylamude gels to mtrocellulose membranes for 25-3 h
and 190 mDa at room temperature Reconstututed non-
fat dried malk (22% by wt) was used :n the blocking step
[8] The pnmary annubody raised n rabbits agamnst
bovine PtdIns transfer prolemn and descnibed m detail
[5,9], was used in a 1 200 dilution of a 03 mg mi™’
solution The secondary antibedy-enzyme conjugate was
used at a 1 2500 dilution of the supphed preparation

Alkaline phosphatase activity was visualized as de-
scribed previously [5]

Selective destruction of Leydig cells

A group of four 8-week-old rats (223-250 g) received
a single intrapenioneal inpjection of ethylene -
methanesuifonate (100 mg kg™ ') admimstered 1 1 ml
of dimethylsulfoxide//water {1 3, by vol) A second
group of four amimals received the vehicle alone Before
treatment and four days after treatment bleod samples
were obtained by cardiac puncture and analyzed for
serum testosterone On the fourth day the animals were
killed One tesus from each ammal was detunicated,
weighed, frozen at —75°C, and used for tissue fraction-
atnon and PudIns transfer protein analysis, the other
was fixed in situ for histological examination
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Other analviical and statisacal methods

Protein was estiimated according to Lowrv et al [10]
with bovine plasma albumun as standard Lipid phos-
phorus was quanttated as descnibed by Rouser et al
[11) Tissue fixation and staiung with hematoxylin and
eosin were carned out using the method of Forssmann
et al {12} Statustical compansens of unpared samples
were based upon Student’s (-test, differences were con-
sidered sigmficant 1if P <085

Results

Separation of testis PrdIns transfer protemns by ion ex-
change chromatography

Frozen rat testes were thawed, detumcated, ho-
mogemzed, and fractionated by differential centnfuga-
tion to yield a lugh-speed supernatant A portion of this
cytosohc fraction was dialyzed and applied to a column
of DEAE-celiulose In Fig. 1 are shown the elution
profiles of protem and PtdIns transfer activity Two
peaks of transfer actrvity are appareat, one eluling at a
NaCl concentrauon of 85 mM, which 1s 1dentical to that
observed for rat bram PtdIns transfer acivity, and a
second peak eluting at & NaCl concentration of 200
mM, n which region of the salt gradient no activity was
observed in bramn homogenates (Venut, SE and
Helmkamp Jr, G M, unpubhshed data) Two peaks of
PtdCho transfer acuvity were also eluted from the amon
exchange column (data not shown), these were essen-
tally coincident with the two PtdIns transfer activity
peaks DEAE-cellulose column chromatographic frac-
tions were analyzed by immunoblotting A clear sep-
aration of the two transfer actnaties was demonstrated
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Fig 1 Anion exchange chromatography of raf lestis cytosol Apphed
to a 120 cm column of Whaiman DE-52 cellulose were 380 mg of
cytosal protem Fracuons of 8 mi were collected dunng lution with a
Imear NaCl gradient, as descnbed 1 Matenals and Methods Sohd
corve proten absorbance al 280 mn Closed squares dotted curve
PidIns transfer acuvity m 100 gl alquats Open squares, sohid line

NaCl gradient

o 10

{Fig 2) The acuvity eluting at 85 mM NaCl was
wlenhfied as the 35-kDa protein species, wiule that
cluting at 200 mM NaCl corresponded with the testis-
specific 41-kDa proten species

Separanion of testis Pidlns transfer proteins by molecular
sreve chromatography

A second portion of rat testis cytosolic fraction was
concentrated and apphed to a column of Sephadex
G-100 In Fig 3 are illustrated the elution profiles of
protein and phospholipid transfer activity As with the
profile of the amuon exchange column, separation of two
transfer proteins was aclueved Both protemns were ca-
pable of transfernng PtdIns and PtdCho between phos-
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DEAE-CELLULOSE CHROMATOGRAPHIC FRACTION

Fig 2 immunoblot of DEAE-cellulose chromatography fracuons From fracuions of the amon exchange chromatographic column, 100-1 aliquols

were taken to dryness in a vacuum centnfuge, redissolved in 10 ul of sample buffer

vathanol and

1g sodium dodecylsulfate and 2

subjected 1o electrophoresis on polyacrylanude gels Immuncblotting was carned out as descnibed in Matenals and Methods The actual masses of
pre-stamned protoin standards are indicated on the nght side of the gel composite The numbers refer to chromatographic fractions (Fig 1), HSS
refers to the ugh-speed supematant or cytosolic fraction



o Vl
. B =
: S
El . w0
o
o . By
» | [0 E
g ]
E. £
2 2 .t 20 .
w W
2 N ‘-"‘ E
- —_
o
o i = . D
20 an 100 120 140

Fraction Number

Fig. 1 Molecular sieve chromatography of rat testis cytosol After
cancentration to approx 7 ».4, M0 mg of Lytosol prctemn were applied
10 a 2%95 em column of Cephadex G-100 Fracuw s of 28 ml were
collected Solid curve protem absorbance at 283 nv Sohd squares
dotled curve Pidlns transfer acnviry in BO-pl ahquots Sahd aurclzs
dotted curve PrdCho transfer actvity in 100 pl abiquots Calibration
of this column 15 mdicated by the inverted tnangles and was per-
formed with the following siandards bowine thyroglobulm, M, >
600000 {1y}, bovine plasma iburun A4, 66200 (a) bovine carhonic
anhydrase, M, 31000 (b) equime mvoglobin, M, WBROO (c) and
sodium dichromate, M, < 300 (¢,}

A
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TABLE I
Predlns transfor aonwnty i mafle vut weogendal tissties

Tissues are homugemzea and processed to yield 150000 X g super-
na*2nt {racuions Following extensive dialysis transfer activity 1s
measured 1N 1 donor vesicle acceptor vesicle assay system using
TH-labsiled Ptdins Specific achvity 1> nofrianced to mg of super

natant proien The values represent the mean+S D for three de-
terminauens

Tissue Picins 1ransfer
speafic actity
(nmol h~' mg~")
Testis 1338+570
Epididymus 1386+306
Vesicular gland 486106
Kidney 32731210

phohipid veudles Morcover, the ravo of the two cata-
lytic activities was nearly wlentical When analyzed by
mmunohlotting  following electrophoresis under dena-
tunng condibons, the :arher elutirg protem had a
molecular mass of 41 kDa, and the later eluting protein
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35kDa — Se—
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Fig. 4 Immunorcactinty and calalytic acuwity of ral 1esus cytosol 5 oe
Junng al devel Cytosel Ti s were prepared &t Lhe 2t
wdicated postnatal ages Abquots contaiung 50 pg cylesolic proten g <
were analyzed by immunoblotting (4), aliquots contaiung 50 and 100 g
1g cytosohe p were d for PtdIns fer aclvity {B}) g
The bar heights represent the mean + 8.0 of 5-10 transfer measure- 2
ments obtaned with 1wa complete senes of mewborn pups and a

developing, males, an astensk mdicates a significant difference (P <
005) from the one-week value

POST-NATAL AGE (weeka)
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had a mass of 35 kDa The molecular sieve chromatog-
raphy column was calibrated with protems of estab-
ished sizc (Fig 3) to estumate the masses of the two
testis transfer protems under non-denatuning cond-
tions The smaller protein, widely distnbuted among rat
tissues, yiclded a mass of 25 kDa, in good agreement
with a monomenc structure of PtdIns transter proiein
In contrast, the larger protein yiclded a native mass of
58 kDa, a value which 1s considerably greater than the
denatured mass and one which 15, at least tentatively,
consistent with a dimenc structure of the teshs-specific
PidIns transfer protein

Tissue distribution of Ptdins transfer acnonty and proteins

Cytosolic fractions were prepared from several organs
i the male rat urogemtal region PtdIns transfer activ.
1ty was measured between donor and acceptar popula-
nons of small umlamellar phospholipid vesicles (Table
1) Comparable speaific acuvity was noted in testis and
kidney, somewhat lower actiaty n the epudidynus pre-
parations, and just detectable yet sull significant activ-
ity in the semunal vesicular gland When tesus, epididy-
mus, and vesicular glgnd were analyzed by immunoblot-
ung. only the tests exhibited both the 35-kDa and
41-kDa bands of immunereactuive protén (Fig 4A)
These two immunoreaciive protewns have also been
detected 1n mature human, bovine, buffalo, and mouse
tesus (data not shown) We have earkier demonstrated
the absence of the 41-kDa protein n 16 other rat tissucs
151

Pudins transjer actiity in developing testis

To determine whether one or both Pudlns transfer
proteins observed 1n adult rat tesus were present at
earlier stages of development, testes were obtamed at
weekly intervals between 1 and 6 weeks after birth For
some of the earlier time ponts, 4-6 organs were pooled
Cytosohe fractions were analyzed by immunoblotting
(Fig 4A) and PtdIns transfer acuviy (Fig 4B) From
trth through three weeks there was no detectable level
of the 41-kDa prolemn 1 tesus ussue The 41-kDa

TABLE II

Secrum festostorane concentration m normal and ethylene dimethane-
sulfonate treated rars

Ammals are trealed with ethylene dimethaneswfonate or vehicle
alone, as descabed 1n Matenals and Mcthods Serum samples are
anatyzed before and four Jays after treatment for iestosterone by
radioimmuncassay The values rcprusent the mean £3D for four
amrmals with determinanons done i tophicate nd, not detectable

Treatment Serum testosterone (ug ni™ '}

before after

Ethylene dimethy lsulfonate
m dimethylsulfoxude water
Dimethylaulfoxide water alone

3252073 nd
352:1M 2781013

protem could be first detected dunng the fourth post-
natal week, increased further durning the fifth week, and
reached 1its adult level by the sixth week, a pomnt n
development corsidered to be post-pubertal in the rat
species PtdIns transfer activity measurements indicated
a small but statistically significant mcrease throughout
thns same period (P <005) The lower specific activities
deternuned 1n this expeniments may be attnibuted to the
use of acceptor vesicles contaming PtdOH sather that
PtdlIns, a situation which forces PtdIns transfer protein
to catalyze a net transfer, rather than an exchange of
PtdIns molecules [5]

Dustribution of 41-kDa Pidlns transfer protein among
testicudar cells

Treatment of mature male rats with ethylene di-
methancsulfonate selectively destroy> the Leydig cell
population [6] The striking decrease in serum testoster-
one concentration, ascertmned by rzdiimmunoassay
and summanzed 1n Table II, confirmed the [oss of these
steroidogemc cells Histological examunation of the
fixed, velucle-treated tissues at the hght mcroscopic
level revealed an interstittum punctuated with mature
Leydig cells However, m the ethylene dimethane-
sutfonate-treated amumals, the intershitial space was
largely unpopulated with the exception ot a few cells
contamng pycnotic nuclel, whoch presumably represent
necrouc Leydig cells In all specimens the germinal
epithelium retamned 1ts normal morphological character-
1sties  Immunological analysis of cytosolic fractions of
the ethylene dimethanesuifonate-treated tostes indicated
no measurable difference m the relative or absolute
ratio of the 35- and 41-kDa protems This observation
was corroborated by densitometne analysis of Coomas-
sie brilhant blue-stamed polyacrylamude gels Thus, the
testis-specific PtdIns transfer protemn species 15 not
vnigue to the Levdig cell and cannot yet be associated
with a parucular cell type 1n the testis

Discussion

Analysis of cytosohie fractions prepared from rat
testis indicated & high molecular weight protemn whuch,
after elecirophorests under denaturing condittons on
polyacrylamide gels, reacted with anubody te bovine
PtdIns transfer proten No other tissue of the male
urogerutal region, nor any female reproductive tssue,
extubited this PidIns transfer protein species The
testis-specific band corresponded to a polypepude wath
a mass of 41 kDa, clearty larger than the ubigqutous
protemn of 35 kDa seen in all other rat tissues and
selected bovine and human tissues [13-15] The 35-kDa
pratem could be separated from 1he 41-kDa protemn by
DEAE-cellulose column chromatography Ptdlns and
PidCho transfer activiics were associated with both
resolved protemns Of utmost sigmficance, therefore, 1s



the indication that the larger puotein possessed catalyue
activity and could mediate the transfer of phospholi-
piuds Both testis proteins transferied PtdIns and PtdCho
between small undamellar vesicles Indeed the rauo of
PtdIns and PtdCho activities for the two protens afier
this single step of punncation was not appreciably
dafferent, suggesting a preservauon of catalyuc proper-
ties and substrate specificity 1n both transfer protein
SpELIes

Molecular sieve chromatography on a calibrated Sep-
hadex G-100 column could also differentiate the two
protems Under such non-denatunng conditons, the
testis-specific protein exiubited a mass of 58 kDa, clearly
larger than the 41 kDa determuned under denaturing
condiions Winle the cause of this discrepancy has noi
been deternuned, 1t 15 not uncommon for molecular
steve chromatographic procedures 10 underesumate the
apparent 51ze of PtdIns transfer proteins from a number
of species and tssues [4]

Through postnatal week 3 there 15 no immunological
evidence of the 41-kDa 1soform Dramatically dunng
week 4, 1ts immunioblot intensity begins 1o increase and
by week 6 11 15 comparable to that seen 1n the adult
male A small, but statistically sigmlicant (P <005)
increase i PtdIns transfer activity was observed be-
tween weeks 1 and weeks 5 and 6 The magnitude of
this mcrease would suggest that the 41-kDa transfer
protein 15 much less active than the well-charactenzed
and ubiquitous 35-kDa species Developmental and /or
hormonal regulation of the testis-specific PtdIns transfer
protem 15 a distmct possibihty [16-18] lacreases tn
testis weight begin 10 accelerate dunng week 3, as does
the diameter of the sermmiferous tubules These changes
are accompamed by increases in the weght ratio of
phosphohpid to neutral lipid In contrast, the amounts
of DNA, RNA, and protein in the maturing testis
actually decrease between days 5 and 60 Spermatogene-
s1s 1n the tesus requires the hormontal maturation and
responstveness of both Leydig and Sertolh cells, the
latter cells attan adult morphelogy and function during
week 5[19} The influence of piturtary peptide hormones
(lutemuzing hormone, follicte stmulating hormone) and
testis-denved sterotd hormones (testosterone, estradiol)
on PtdIns metabolism and Pudlas transfer protein levels
may provide additional insight into the two ferms of
PtdIns transfer protein 1o mature rat testis

Recent attention has focussed on another hpid
sransfer protemn n rat teshis Sterol camer protem; or
non-specific hpad tranwfer protemn, a 14- to 15kDa
protein which has been charactenzed from hver and
small intestine of a number of mammalian species, has
been shown to catalyze the transfer of both sterols and
phospholipuds between membranes and to sumulate the
synthesis of sterord hormone ntermediates, such as
pregnenolone [20-24] Van Noort and her coworkers
have described the localization of sterol carner protein,
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1 rat testis to Leydig cells and 1ts absence from Sertoh
and permunal cells [25] Moreover the cellular leve' of
the protemn and its distnbution between particulate and
supernatant fractions appears to be regulated by
luteimizing hormone over the concentranon range 9 1-1
ug ml™? [26,27]

Our resuits with the selective destruction of steroido-
genesss and retention of the 41-kDa Ptdlns transfer
proten rule oul a umque Leydig cell expression of the
testis-specific  PrdIns transfer protem Clearly, ad-
ditional expenmentation 15 required before further com-
menting on which of the other tesus cells may express
this unusual protem 1t should be ponted out that
prehmmary tnmmunocytological comparisons of 1mma-
ture and mature rat testis, usmg rabbit anubody against
bovine PtdIns transier protein have been nconclusive
{Wendelburg BE and Helmkamp Jr GM  unpub-
lished data) It 1s noteworthy that a polyclonal
affinuty-punfied antibody rassed against rat hiver sterol
carrier proten - delected an immunologically cross-reac-
uve, 58-kDd protun 1n rat liver homogenates [28] Al-
though no catalytic activity was attributed to the larger
lver protein 1t appeared to be locabized to the per-
oxtsomes As with the small and large Iner protemns,
structural relattonships between the two testis Pidins
transfer protemns have not yet been explored
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