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Mature rat testis contains a high molecular weight species 
of phosphatidylinositol transfer protein 

P J T h o m a s ,  B E W e n d e l b u r g ,  S.E. Venut l  and  G M. H e l m k a m p ,  J r  

D~parmwnr of Btechemmr~ and M~lecular Btolo~, Umwrs, tr uf Kansa~ Medtcal Center, Kansas C, ty ,KS (U $ A ) 

(Rice.red 13 January 1959) 

Kgy words Pho~ph~udyhno~,~tol Pho,',phat:dyleholme, PhosphohpM transfer protein lmmunoblot iRat tesus) 

Immtmoblot analyq~q of a rat testis eytosol fraction revealed two proteins which reacted with a Iml~donal rabbit 
antibody to bowne phnsphatidyllnos,to] transfer prote'm. These two proteins were separated b) anion exc|lange and 
molecular sieve column chromatographic procedures and shown to catalyze the transfer of phnsphatidyllnesltol and 
phosphattd)lchuline between populations of small um'lamellar vesicles One protein was identified ~i the phosphatl- 
dylinnsito! transfer protein detectable m 16 other r ~;. tissues and many eukaryotie speetes4 the other ptmsplmhdylinositel 
transfer protein was unique to testis. The molecular masses of the proteins, determined trader denaturing deetrophuretie 
conditions, were 35 and 41 liD& respectively. When testis was examined in animnls from birth to six weeks of age, the 
35-kDa protein was present throughout, while the 41-kDa protein first appeared danng week 4 and increased 1o adult 
levels by week 6~ a small yet significant increase m tissue phosphatidylinostto| lrans|er activity accompanied this 
expression of the tesns-specifl¢ protean Selective destructmn of Leyd,g cells by ethylene dtmethanesulfouete did not 
cause any detectable loss of the 41-kDa phnspimfidyhnosltul txansfer protein The struettn,al and catalytic relationships 
between the t~o test~ealar phosphattdyliuesltol flranslur protein situates remain to be et))eidated 

lntroducdon 

The mowment of phosphohp]d molecules between 
membranes m eukaryouc cells is accomphshed, in part, 
by cytosohc protehl~ [1] For a pads vanity of ammal 
and plant ~pectes ,~t~d cells, a number of phosphohpid 
transfer proteins have been described [2 4]. ,ncludmg 
proteins spe~afic f'~r the transfer of PtdCho (phos- 
phaUdylchohne), proteins wbach recogmze and trans- 
port PtdCho and PtdIns (phosphaudyhnositol), and 
several nonspeclfic hpld transfer proteins We have re- 
cently de~cnbed the punficatlon and presented some of 
the structural and catalytic properties of PtdIns transfer 
protein from rat [5] Prior to our efforts to punfy this 
protein from brain, we undertook an extensive survey of 
tissues to identify and quantttatlve Ptdtns transfer activ- 
ity and protein Usmg a polye]onal antibody against 

#_bl~revtauons Hepes N-2-hvdroxyethylpipera~ane.N'-2-elhmxesul- 
[chic agid, LagCer, lactosylcefarmde, PMSF, phenylnnelhylsulfonyl 
flu0nd* PtdCho phosphaudylchokne, Ptdlns phosphatldyhno~aol, 
PtdOH, phosphatMat¢ 
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bovine Ptdlns transfer protean and the teclmrque of 
tmmunoblottmg following eleetrophoresls m poly- 
acrylanude gels m the pre~ence of sodmm dodecylsul- 
fate and 2.mercaptoethanol, we observed a common 
]mmunoreacttve prot¢.r (35 kDa) m ,dl rat Ussues ex- 
ananed We albo noted an adthttona[ ]mmuuoreacttve 
(41 kDa) umque In testas, m 16 other male and female 
tissues we could not detect tins bagh molecular weight 
protein We report here further charaeterLzauon of the 
testis-specific Ptdlns transfer protean, including 1Is dis- 
mbuuon m the mate urogemtal system, some molecular 
and catalytic properties, and developmental e.xpresston 

Materials and Methods 

T~ssues and reagents 
Pregnant female and adult male rats of the Sprague- 

Dawley strmn were obtmned from Sasco (Omaha, NE) 
and housed locally until use Larger quantattes of rat 
testes were purchased from Pel-Freez (Rogers, AR) and 
stored at - 7 5 ° C  myo-[2-ZH]Inosttol (555 GBq 
mmol - t )  and [9,10-~H]O[elc aeld (178 GBq,mmol -x) 
were purchased from Amersham (Arhngton Heights, 
IL), chole~tcryl[1-t4C]oleate (2 1 GBq mind[ - t )  was 
purchased from New England Nuclear (Boston. MA) 
Bovine plasma alburmn, goat anti-rabbit ant[body-al- 
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kahne phosphatase conjugate, PMSF and pepstatm A 
ware purchased from Sterna ChemtcaI Co (St Loals 
Me)  Egg PtdOH was supplied by ~,vantl iB~rrmngham. 
AL}, and LacCer was purchased from S~gma Whatman 
DE-52 cellulose was obtained from Whatman LabSales 
(Clifton, NJ), Sephadex G-100, 40-120 /~m. was 
pughased from Pharmacm (P~scataway. NYL Aquaode 
III was a product of Calbtoehem-Behrmg (La Jolla, 
CA), and mtrocellulose membranes (grade BAS0) were 
obtained from Schletcher and Sehull (Keene, NH) Eth- 
ylene d~methanesulfonate was svnthestzed from ethyl- 
ene glycol and methanesuifoityl cLIonde and char- 
actertzed according to Jackson and Jackson r~t>] A 
testosterone radlo]rnmunoassay lot was generously sup- 
phed by Dtagnosttc Products Corporahon (Los Angeleg. 
CA) All other reagents were the haghe~t quahty availa- 
ble 

Pteparatron of cytosoh¢ fractions 
Ttssue samples were obtained by raptd dtssectlon of 

COx-asphyxiated ammals and placed tmmedtately on 
tee, Alternattvely, frozen ttssue was thawed at 37°C and 
then placed on lee Subsequent steps of punfmatton 
were performed at 4°C The tumcae vagmahs and 
albugmea were removed from each test~s before homo- 
gemzatton Using a buffer of 0 25 M sucrose and 10 
mM Tns-HCI (pH 74). contatmng 1 mM Na~EDTA. 
0 1 mM PMSF, and 15 tam pepstatm A, a 20% homo- 
genate was prepared m a motor-driven Potter-Elvehjem 
apparatus operated at 800 rpm The homogenate and 
resuhmg supematant fracttons were subjected to 
cenmfugatton at 1000 × g for 15 n~u (IEC swmgmg 
bucket rotor), 13000 × g for 20 nun (Sot'vail GSA re- 
toO, and. fmaUy, 150000 x g for 1 5 h (Beckman T1 
50 2 or Tt 75 rotor) The lugh-speed supernatant (cyto- 
sohe fraction) was dialyzed overmght against 5 mM 
sodium phosphate, 5 mM 2-mercaptoethanol. l mM 
Na2EDTA. and 02 mM PMSF (pH 74) 

Column chromatography of  testts cytosohe froctton 
A portton of dmlyzed rat test~s cytosohc fracuon was 

apphed to a column of DEAE-cellulose (1 ×20 cm) 
equthbrated m 5 mM s0dtmr~phosphate coittatmng 1 
mM NazEDTA, 0.1 mM PMSF, and 15 ~tM pepstatm 
A (pH 7 4) After extenstve wasluag, protemq were 
eluated wtth a hnear gradmnt of NaCI (0-300 mM m a 
total volume of 351) ml) tit the same buffer at a flow rate 
of 80 ml, h-~ A second portton of the eytosohc frac- 
tton was concentrated vatS Aquacade 111 and applted to 
column of Sephadex ~3-100 (2 × 95 cm) eqmhbrated m 
50 mM sodmm Fhosphate, 50 mM NaCI, 1 mM 
Na2EDTA, 0 1 mM PMSF, 7 5 s M  pepbtattn A, and 
0 02% NaN 3 (pH 7 4) Elutmn was earned out wtth the 
same buffer at a flow rate of 25 nil h 

Pha~phahp~d tmmfer uetwrtv 
Phosphohptd transfer ucttwty was measured between 

two populations o~ small umlamellar ',eszcles, as de- 
scribed pre,~lously [7] Donor ~,es~¢les contained 87 reel% 
PtdCho. 5 mol% Ptdlos and 8 reel% LacCer. whale 
accepter "~eslcles conta,aed 95 mol,'g PtdCho and 5 
reel% Ptdlns or PIdOH Etther phosphaudyl[XHlm - 
astral or 2-[tH]oleoyI-PtdCho was incorporated mto the 
donor populatmn as transferable substrates whale 02 
mol% chole~teryl[l"tCloh.ate was added to the accepter 
vesmles to monitor reeo~t.ry Following mcubatton of 
donor vestcles 150 nmol phosphohptd) and accepter 
vesicles (150 nmol phosphohpld) In 05 ml 10 mM 
HepLs, 50 mM NaCl ,rod l mM Na:EDTA (pH 74) at 
37°C for 30 ram, donor vesicles were quantltatr~ely 
removed by agglutiratton and prectpltatton tn the pres- 
ence of RJcmus con, meres agglutmm [7], and accepter 
vesteles were anabzed for transferred radiolabetled 
Ptdlns or PtdCho ( ontrol mcubattons were performed 
wtthont add~tton of transfer protein Accepter vesicle 
recovery was 90-95 "6, eontammatmn by donor vesmles 
was --5% Act~,~t:, was generally expressed as areal 
phosphohpld transferred per h 

Ele,~rrophoreszs and ~mmunoblo~ttng 
Protein samples (1-200 ~g) were sub/ected to elec- 

trophorests on 0 75-ram gels of 12% polyacrylamtde mn 
the presence of sodmm dudecytsulfate and 2- 
mereaptoethanol Unstained and Coomasste bnlham 
blue-~tained molecular weight standards v, ere apphed to 
the gels Proteins were detected by stammng wtth 
Coomasste br lhant blue For tmmunologtcal deteeuon 
proteins were el~.ctrophorencally transferred from poly- 
acrylamtde gels to mtrocellulose membranes [or 2 5-3 h 
and 190 mDa at room temperature Reconsutoted non- 
fat dried rmlk 1.22% by wt) was used in the blocking step 
[8] / he  pnmary antibody rinsed m rabb~ts against 
bowne Ptdlns transfer l:rotem and descnbed in detatl 
[5,9]. was used m a I 200 dtlulaon of a 0 3 mg m| -  
soluUon The secondary antibody-enzyme conJugate was 
used at a 1 2500 ddutmn nf the supphed prepaxatlon 
Alkalme pho~phatase activity wa~ vtsuahzed a~ de- 
scribed prevmusly [51 

Selectwe destrnctwn of Lepdtg ceils 
A group of four 8-week-old rats (225-250 g) recetved 

a single mtrapentoneal mjectton of ethylene d~- 
methanesulfonate (100 mg kg - l )  adnumstered m i ml 
of dtmethylsulfoxade/watee {1 3, by eel) A second 
group of four annuals recetved the vehacle alone Before 
treatment and [our days after treatment blood samples 
were obtained by eardtac puncture and analyzed for 
serum testosterone On the fourth day the ammals were 
[,ailed One testts from each ammal was detumcated, 
woghed, frozen at - 7 5  o C, and used for tissue fractmn- 
anon and Ptdlns transfer protein analysts, the other 
was feted m mtu for htstolog~cal exalmnatmn 
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Other analvtwal and stanstwal method~ 
Protein was  e~ttmated accord ing  to Lowry  et al [10] 

w, th  howne  p lasma a lbumin as  s t anda rd  L=p~d phos-  
pho rus  was  quanb la t ed  as de.scribed by  Rouse r  et  al 
I l l ]  T~szue f ixauon a n d  s t a tmng  wtth h e m a t o x y h n  a n d  
eosm were carr ied out  usmg the me thod  o f  Fo rssmann  

et al [121 StaUstteal compar i sons  of  unpmred  samples  
were based upon  Student ' s  t-te~t, differences were con-  
s~dered s tgmfieant  ff P < 0 05 

Results 

Separauon of testts Ptdlns transfer proteins by ,on ex- 
change chromatography 

Frozen ra t  testes were thawed,  de tumcated ,  ho-  
mogexazed, and  f r acuona ted  b y  dffferenttal  c c n t n f u g a -  
u o n  to yield a rush-speed supe rna tan t  A p o r t m n  of  tins 
eytosohc fract ton was dtaly'zed a n d  apphed  to a c o l u m n  
of DEAE-celtulose In Fig. I a re  shown the e lu tmn  
prohles  of protein and  PtdIns  t ransfer  a r t lw ty  T ~ o  
peaks  of transfer actn~ty are  appa .~3t ,  one  e lu tmg  at  a 
NaCl  ¢oncent ra t ton  of  85 raM, wlmch ~s tdenuca l  to tha t  
observed for  rat  b r a m  P td lns  t rausfer  ac;tvtty,  a n d  a 
second peak  e lulmg at  a NaCI  eoncen t ra t ton  o f  200 
raM, m wluch regton of  the sa]t g r a & e n t  n o  aettvtty was  
observed m b ra in  homogena tes  (Venut~, S E a n d  
He lmkamp J r ,  G M ,  unpubhshod  da ta)  T w o  peaks  of 
P t d C h o  transfer  ae twt ty  were  also elnted f rom the a m o n  
exchange co lumn (da ta  not  shown) ,  these were  essen- 
tmUy coincident  wt th  the two P td lns  t ransfer  aeUvaty 
peaks  DEAE-cellulose co lumn  ch roma tog rap luc  frae- 
uons  were analyzed by  ~mmunoblo t tmg A d e a r  sep- 
a r anon  of the two t ransfer  aett~t~es was  demons t r a t ed  
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FeB ] Anmn exchange chromatography of ral leshs cytosol Apphcd 
to a lx20  cm ¢olunm of Whatmaa DE-52 cellulose were 380 rag of 
cylosol protein F'ragaor~ or 8 mi W¢l~ collected drnng elutton vo~ a 
linear NaCI gradient, as desanbed m Matenals and Methods Sohd 
¢ur~ proton absarbance al 280 nm Closed ~que.te~ dotted curve 
Ptdlns transfer aC3tl~ty IB tOO pl a]lqUal~; Open squares, solid Ilrle 

NaCI gradient 

(Ftg  2) The  act tvt ty e lu tmg at  85 m M  N a C t  was  
]dentffted as the 35-kDa  p ro t em species, whale tha t  
e lu tmg  at  200 m M  NaC1 co r r e sponded  w=th the testts- 
~peclhc 4 1 - k D a  pro te in  spee, es 

Separatwn of testrs Ptdlns transfer proteins by molecular 
steve ~hromatograph3, 

A second po r t , on  of  ra t  testm cy tosohe  f rac t ion  was  
concen t ra ted  a n d  a p p h e d  to a co lumn  of  Sephadex  
G-100  In F tg  3 are i l lustrated the e lubon  profi les  o f  
pro te in  and  p h o s p h o h p l d  t ransfer  a e u w t y  A s  wi th  the 
profi le  o f  the a m e n  exchange  co lumn ,  s epa ra tmn  of  two  
t ransfer  pro te ins  was  a d u r v o d  Both  pro te ins  were ca-  
pab le  o f  t r a n s f e m n  8 P t d l n s  a n d  P t d C h o  between phos-  
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DEAE-CIELLUL02 CHROMATOGRAP~C ~ N  

Fig 2 Irranunoblot of DEAE-celIulo~¢ chromau38raphy fracttons From rracttans of the amen exchange cbsomatograpluc column, r00-pl ahquots 
were taken to dryness in a vacuum cenmfuge, redissolved m 10/t l  of ~0,raple bv.tter centering sodnLm dodecylsulfale and 2-11aeraapt0ethan0] and 
subjected to elecuophorests on poly~;rylaamdc It¢lb Immrnoblottm$ v, as =aracd out as dcbt.nbcd m Matcnals and Mcthodb The a~.tual ma~ses of 
prc-steaned protein standards are indicated or, the right s3d¢ of the $e1 coxT~po~le The numbers refer to chromatoSraph,c f~actlon~ (Fig 1.), HSS 

rctcra to the high-speed supematant or cyto~ohc rractmn 
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Fzg 3 Molecular sieve chromatography of rat t~t ls  ~yto~ol After 
eoacemmtmn to appros ~ -J~ "~00 m8 of ~.ytosol protean were applmed 
tO a 2X95 em column of ~ephadex G-It ' l l  Fractlo s of  9. B ml were 
collected Solid curve protem absorbance at 28.3 nm Solid ~quares 
dotted curve PldIns transfer a c u i t y  m EIO-Ixl Phquol] Sohd ¢trcl~ 
dolled culw¢ PtdCho lranbflr a~.tt~aty m ]00/xl ahquots Cahhrabon 
Of tills column IS indle.2tted by the reverted mangles and was per- 
fo[med w~th the follo~xang standards bovmc thyr~globuhn, M t > 
600000 (~'a), bo~x,w plasma dburmn M c 66204) (a) 'oo,ane c.arhomc 
anhydrase. M, 31000 (b) eqame m~oglobm. M, 18800 (c) and 

sodium dichromate, Mr < 300 (e , )  

2 7  

TABLE l 

Prdlns tewufir  a,,.ovnv m mull rat ueugena¢l hssue~ 

Tissues ~¢  homugemze~ and pic~.essed to 3qeld l~0000Xg super- 
nz*znl fractl~,r,o Foilt~w~n 8 exlensl~ dta|ysts translcr activity is 
measured ]n a donor Ve~llTl~ acceptor vr~l;le assay s~ tem using 
1H-lab=lied Ptdln~ S p ~ f i c  a~.hv~ty is norr'~,,tu.ed to rng oil super 
natant pl"t'31L~tl ]3qe ~alue- represent the me3nzl:SD for three de- 
lermm~ltons 

Tissue PtClns Iransflr 
~ptetfic act raly 
(nmol h - t  mg - I )  

Te.~tlq 33 3 8 + 5  70 
Epldzd/nm s 13 86 :t: ) 06 
~es lcuhr  gland 4 86 + 1 06 
Kldne'~ 32 73 + 2 10 

p h o h p l d  ves l t . l es  M o r t . o v a . r ,  t h e  r a d o  o f  t h e  t v ; o  c a t a -  

l y t i c  a c t i v i t i e s  w a s  n e a r l y  i d e n t i c a l  W h e n  a n a l y z e d  b y  

~mmunoblott,ng foltowr~g eleclrcphoresms under dena- 
tunng condmons, the :arb.er elutwg protem had a 
molecular mass of 41 kDa, and the later elutmg protem 
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P O S T N A T A L  A G E  ( w e e k s )  

Fig. 4 Inmrmno~a~ty  and catalytic acui ty  of mm tesus c~tosol 
duLrmg postnatal developmenl Cylo~] rraCllOa~ were prepared at the 
uldlcatld pOStllalal ~gls Ahquots conlatrang 50 ixg cylosollC protein 
were analyzed by lmmunobh)tUng (A), atlquot5 ¢ontammg 50 and 1130 
/.tg c)to~okc protem were measured ror PtdIn ~. transfer acL]~,'lty {B) 
l ' he  bar heights represent die mean+ S,D of  5 - 1 0  transfer m e ~ e -  
nxents obtmned v,i~h tWO complete s e n ~  of ncwbor~ pup~ 
de,vellping males, an astensk md,cul~  a sagra~cmlt dtffe~nce (P < 

O 05) from the one-week value 
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had a mass of 35 kDa The molecular steve ehromatog. 
raphy column ~as cahbrated wRh proteins of estab- 
lished size (F~g 3) to estimate the masses of the two 
testis transfer preteens under non-denatunng cond~- 
uons The smaller protein, rudely &stnbuted among rat 
Ussues, yielded a mass of 25 kDa, m good agreement 
with a monomenc structure of Pfdlns transler protein 
In eomrast, the iarger protein yielded a native mass of 
58 kDa, a value ,,~inch ts considerably greater than the 
denatured mass and one wlueh ~s, at least tentatively, 
consistent with a d~menc structure of the test~s-speclhc 
Pldlns transfer protein 

Tissue distribution of  Ptdlns  transfer actwttv and prote~ns 
Cytnsohe fractions were prepared from several organs 

m the mate rat urogemtal region Ptdlns transfer actw- 
tly was measured between donor and accepter popula- 
tions of small umlamellar phosphohptd vestries (Table 
1) Comparable ~pecfflc acuwty was noted m test~s and 
kidney, somewhat lower actlwty in the eptdtdyuns pre- 
parations, and just detectable yet stdl stgmfleant acttv- 
Ry m the sernmal vesicular gland When tesus, ep~dldy- 
nus, and veatcular gl~nd were analyzed by trnmunoblot- 
tmg. only the testt~ exlubtted both the 35-kDa and 
41-kDa bands of lmmunoreaetwe protean (F~g 4A) 
These two tmmunoreaetwe proteins have also heen 
detected m mature human, bovine, buffalo, and mouse 
testis (data not sho~n) We have ear/act demonstrated 
the abscn(.e of the ,~l-kDa protein in 16 other rat ussues 
[5] 

PMlns  trans/er acuw~y m developing test~s 
To determine whether one or both Ptdlns transfer 

proteins observed m adult rat tesus were present at  
earher stages of development, testes were ohtamed at 
weekly intervals between 1 and 6 weeks after birth For 
some of the earher tune points, 4-6  organs were pooled 
Cstosohc fractions were analyzed by tmmunoblottmg 
(Fig 4A) and PtdIns transfer activity (Fig 4B) From 
b~rlh through three v, eeks there was no detectable level 
of the 41-kDa protein m testis tissue The 41-kDa 

TABLE II 

Serum reswsrerr, ne cnnceatral~n t n  nor,nat and eth~tene dzmothane. 
sulfonate Ereated rats 

Anlraah, gr¢ tt-¢,al~l with eth~.lene dlrnCthalieselfonate nr re.haole 
alone, a.~ described m Materials and Methods Scram samples are 
analyzed before and four days after treatment for Ieslto~tezo~e by 
tadlolmmuno-'lssay The values represent the mcan±SD for four 
aroma'Is vath deletmmatlons dt~ne m tnphcatc n d, not det~tablc 

Treatracot Serum testosterone(uS nil -t) 

before after 

Ethylene dlmeth~lsulrvnat~ 
m d=methylsulfnrade water  325±073 nd 

Dimethyl~ulfoxJde water alone ~52+1 71 278+013 

protein could be first detected dunng the fourth post- 
natal week, increased further during the fifth week, and 
reached its adult level by the sixth week, a point m 
development co~,sldered to be posbpubertal tn the rat 
species PtdIns transfer acttwty measurements indicated 
a small but stattsucally s=gmhcant increase throughout 
tins same per~od (P  < 0 05) The lower specafic actwmes 
determined m tlus expenmems may be attributed to the 
use of accepter vesmles contatmng PtdOH rather that 
Ptdlns, a situation wluch forces Ptdlns transfer protein 
to catalyze a net transfer, rather than an exchange of 
Ptdlns molecules [5] 

D*strlbutwn of  41-kDa Ptdlns  transfer protpm amang 
tcM~ctt]ar c~.[15 

Treatment of mature male rats with ethylene th- 
methanesulf0nam sdectwely destroy~ the Leydig cell 
populatmn [6] The strdcmg decrease in serum testoster- 
one concentration, ascertmned by r~hourtmunoassay 
and summarized m Table II, confirmed the loss of these 
sterotdogemc cells HLstologleal exarmnatmn of the 
fLxed, vel'uele-treated t,ssues at the hght uncroscoplc 
Icvc] revealed an mterstttmm punctuated voth mature 
Leydtg ¢=lls However, in the ethylene dlmethane- 
sutfonate-treated animals, the lnterstmal space was 
largely uupopulated with the exception of a few ¢¢11s 
contalmng pycnottc nucleJ, which presumably represent 
~e, crotm Leychg cells In all specimens the germinal 
epltheqmm retained its normal morpholo~cal character- 
1stats lmmunologmal analysts of eytosohc fracUons of 
the ethylene dlmethancstdfonate-treated t~',stes re&cared 
no measurable difference m the relatave or absolute 
ratm of the 35- and 41-kDa proteins Tlus obsvrvatmn 
was corroborated by densltometrm analysis of Coomas- 
sxe bnlham blue-stained polyacrvlarmde gels Thus, the 
tesus-specaftc Ptdlns transfer protein sp~ms is not 
umque to the Leydtg cell and cannot yet be associated 
with a parucular cell type m the testis 

Discussion 

Analysis of cylosohc fractions prepared from rat 
testis mchcated a high molecular weight protein wluch, 
after clectrophoresls under denatunng condluons on 
polyaerylarmde gels, reacted with antibody to bovine 
Ptdlns transf,~r p~ntem No other tissue of the male 
urogemtal region, nor any female reproduettve lassue, 
exhrblted tins PtdIns trazl~fer protein species The 
lestl~-~pe.cffl¢ band corresponded to a polypepud¢ wath 
a mass of 41 kDa, clc.,x~y larger than the ubtqultous 
protein of 35 kDa ~een m all other rat tissues and 
selected bovine and human tassues [13-15] The 35-kDa 
protein could be separated from the 41-kDa protein by 
DEAE-edlulose column chromatography Ptdlns and 
PtdCho transfer actwfl~eb were assoctated with both 
reSOlved proteins Of utmost slgmficaac¢, therefore, ts 
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the mdtcanon that the larger p~otem possessed catalyttc 
a~ lv l ty  and could medmte the transfer of phosphoh- 
ptds Both teshg proteins transferled Ptdlns  and  PtdCho 
between small  undamellar  vesicles Indeed the ratio of 
Ptdlns  and PtdCho a~ttvntics for the two proteins after 
t ics  single step of purification was not appreciably 
different, suggesting a preservauon of catalyuc proper- 
ties and substrate specttmtty in both transfer protein 
Sp¢,x,: es 

Molecular sieve chromatography on a calibrated Sep- 
hadex G-100 column could also differentiate the t ~ o  
proteins Under such non-denatunng coadmons,  the 
testas-speetfle protean exhibited a mass of 58 kDa.  c lead)  
larger than the 41 kDa  deterrmned under denaturing 
condmons  While the cause of tMs d~screpancy has not 
been detemuned.  It Is not uncommon tar  molecular 
s t e ~  chromatographic procedures to underest ,mate the 
apparent  size of Ptdfns transfer protem~ from a number 
of species and ltsst,es [41 

Through postnatal  week 3 there us no immun01ogacal 
evidence of the 41-kDa lsofoi'rn Dramatical ly dunng  
week 4, its lmmunoblot  mtens~ty begins to increase and 
by week 6 i t  is comparable to that seen m the adul t  
male A small, but  statistically significant (a n < 0 05) 
increase in P td lns  transfer activity was observed be- 
tween weeks 1 and weeks 5 and  6 The magmtude of 
this  increase ,~ould suggest that the 41-kDa transfer 
protean Is much less acttve than  the well-characterized 
and ubiquitous 35-kDa species Developmemal  a n d / o r  
hormonal  regulat ion of the test~s-spec,hc Ptdlns  transfer 
protein is a dnstmct p0sstbdtty [16-18] Increases m 
testis ~e ight  begin to accelerate d u n n g  week 3. as does 
the diameter  of the semmfferous tubules These changes 
arc aceompamed by mcreases in the weight ratio of 
0hosphohpM to neutral  hptd In contrast ,  the amounts  
of  DNA,  RNA,  and protem m the matur ing  testis 
actual ly decrease between days ~ and ~0 Spermatogene- 
~ s  in the testis requires the hormontal  ma tu rauon  and 
responsiveness of both Leydtg and Sertoh cells, the 
latter cells a t tam adult  morphology and function d u n n g  
week 5 [19] The influence of pi tui tary pepUde hormones 
(lutelrurang hormone,  follicle st~mulat,ng hormone) and 
tesus-denved steroid hormones (testosterone, estradiol) 
on Ptdlns  mctabohsm and Ptdlns  transfer protein levels 
may  provide adchuonal insight into the two terms of 
PtdIns  transfer proteui tn mature rat testis 

Recent at tention has  [ocussed on another hpnd 
transfer protein in rat  testis Stcrul t ,amer protein 2 or 
non-specifm hpid tran,,fer proteLn, a 14- to 15-kDa 
protein wbach has heun characterized from hver and  
small  intestine of a number  of mammahan  species, has 
been shown to catalyze the transfer of both sterols and 
phosphohp~ds between membranes and  to s t imulate  the 
synthesLS of steroid hormone intermodaates, such as 
p~gnenolon¢ [20-24] Van Noort  and her coworkers 
have described the locahzatton of sterol earner  protem~ 

tn rat testis, to Leydlg cells and its absence from Sertoh 
and gerrrunal cells [25l Moreover the cellular leve' of 
the protem and its dlstnbutuon between particulate and 
,~uper-~atant fractions appear~ to be regulated by 
luteimrang hormone o~er the concentration ~ange 0 l - I  
big ml-~ [26,271 

Our results wRh the selecuve destructton of stermdo- 
genesis and retention of the 4 i - k D a  Ptdlns transfer 
protein rule out  a unique Leydtg ceil expression of the 
testis-specific Ptdlns transfer protein Clearly, ad- 
duttonal experimentat ion ~s reqmred before further com- 
menting on which of the other testis cells may express 
thl~ unu~uat prntenn It should be pointed out that 
prehmlnary unmunocvtologmal compansons of imma- 
ture and mature rat testis, using rabbit antibody against 
bowne Ptdlns  transfer protein ha~e been mconctuscce 
(Wendelbueg B E and l-lelmkamp Jr G M unpub- 
hshed data) It  us noteworthy that a polyclonal 
affumty-punfued antibod~ raised against rat liver sterol 
caxner protein = detected an tmmunologtcally cross-reac- 
tive, 58-kDa protein m rat hver homogcnates [28] AI- 
lhough no catalylic aetl,~tty was atttabuted to the target 
hver protein tt appeared to be [ocahzed to the per- 
ox~somes As w~th the small and large h,~er protects, 
structural relatlonsh,ps between the t~o  testis Ptdln~ 
transfer proteins have not yet been explored 
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