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t. BaC!keraund 

11evcl opDl'!nt of improved techniques of fertiUty regu.l..ation is stUl 
ot CI"'Jc.1ru. importo.ncc to the solutlon of population problems in the LOC' a. 

Tnertif.ll.k. In!l titute has l'ecrmtly decided to devote a con:Jiderable 
yarL or its resource:) to e:;t'1.hlioh on cxtenstve pl'ocrum in the field of 
Rcproductivu Biol"e;y in ord(!r to participate 1n the effo!'ts to find Q 

solution to population problC:I~. The area. of reproduc+.ive biology "thnt 
a~arei' mont p.ttractive t.o the Scientiric CormLitt.ee or the Salk InsL1tllte: 
1n tCrm5 ot its ~rcscnt ct~tus or Qchlcv~p.nt9, potcnti~ ~Qpid brc~k~ 
throueh and alllo.concl.1crablc 'lppenl to prescnt members ~ot the Institute "' 
in new of' current and !\lturc pr08rulli at resclll'Ch YU that "ot "neUrOe~o" . . . " . crinoloc:r. . . . . . '. : , 
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Or. kor.c r Gllll1"Hlin, l11'C ;";1!!Illy l'l 'of'r' :::;CJ I' tiC l'hyr. lollJ({,y and [Jlrt!ct';)r-. 
or l'lC J.."\hol"itLuI'J l"~ r~ I/' u~ · lt l"(l'.' n' I OC:: J·IIl(~ ] ('I')' rd. lht! Oaylor Collcr,c of ' 
»'~" i c t.n r;' J If('\\\:; t.IIII , l'{' ,-J \ !;, :"I.IU} t:,' w ' !"al. ~t: II ; "'r Illcrnlll-: r:: o f ' hl& pre::':!n!. 
r.t'lrf' will move t.o lht: 0 '\1 1' J>l r. l. iLlIl.c hy ,Tll l y 1, 19'(0, t.o p}.ny {\ It.::1r1lnc 
roll' 1n t.h l::: ove r aJ 1 } ' I'OL.' ;l r., . 

, Tht :: pt'opo:ml to tlo:'/clop 11 n~'" cClI,tr(l,,= ': pl.lvr' in b.;\r:~d on the fnet 
Lh:lI. n r'll' \' o f V'c brllln , (' (l U , 1 t.h r hypnl.1n 1 ''':.111.''; , controlf1 ~ ccrct.ionG 
of Vl'~ C' lt.';'l'il)r piio ,i.l,'lI 'Y l;J cnrl ( rt.'1o.: 11chy"ophy .·1~ ). 'J11e u rltcri"l' pltu-
1 L'I1""" r. cc: r~ \.:.; h Ollh('\llC:: (':\11cl\ r 1Il~, l o LJ'QJli n:-: (r . r, . IJI or. lutcin{;:;,inr; 

. horm..>nc nnd fUll foU iclc-:; t.lnl'lJ fJ I. j nc hon llonc) \oIhi ell in turn control the 
endocrine nctlvlt.ies of the npol'tlnctivc Ol'r;oln ~ nccC'~snry to intt.iate 
and malnt.ai.n pregnllncy. 
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ntc brnin and the fln t crlot' pltuitnry nrc linked 11y c::hcndcnl agents ' / 

ell.lled relcnsins r ftC Lor n . '111 i s propor-a.l b ~ol\cerncd with detennln'tns 
chemical stnlcturc of one of t.he:-:c rel eadnB f ['.ctOT!!, lutctnhlnc hor-
monc rclco(JhlC; f /lCt,OJ' (LUI") ylll'ieh ll]t1.m,'l.tcly controln cndocr'nc pro- . 
cesseD ncccsoo.ry t o prcC;nnncy. \·nlCH the chcm1 cal m1tc up of LRF is 
dctennincd, it will be po:'.w1\l l c to o.ttempt synt.hesis of chemicals which 
interfere w!th its activ-Ity P'l.ntl t.hereforc p t:cvcnt conception and. p'os-
albly dillrupt early prcgnnncy. There' ill a good' reaaon to believe that · 
these chemicals will be active pTlllly effective on a once-a~onth batt. I 
and will have few. of tHe systcmi.c side effects of' the present oral ',\ 
contraccpti Yes. 

II. ' DcscrJ.ption of Proposed ProJcct ' 

It is proposed: 1) to l no1ate the IJi nnd .FUll ' gonadotropin re .. 
lendng ftlctors and establish their molecul'a.r structure; 2) to 
Iynthesizc these roolcculcs an well as Do serieo of variouo analogs 
with LRF activity; 3) td cynth.slze analogs of LRF wlth anti-LRF 
activity as inhibitors or'the secretion of LH, t hus acting as anti­
fertl1i ty neents; 4) to in1 tinte cUuical sturli.eo with those sub-
s tllnces. 

in: Sie:nificnnce of t,he Pro,jcct to A.I.E.:...9.!')cc tives 

Prcacntly o.vailnll]c conlrn.ccJltlvc t'~r.hnlqllc:'l ntill have m31lY 
lllllt1.ntiol13 whcn u::;cd in the devcloping countric:l. Those most 
•• t1afactory for 'LDC's nrc orM contrncc:ptlYc3 nOll IUD's. Both 
~thod. require somc dcgr ee of med i cal supervision. Oral contrncep- . 
Uve t'equlre rorethousht and reeulo.r use. Need for continuing Min- ' 
tenane~ ot adequate supplies of the medication continuins eotivation 
to ule them and ,ide effects have resulted in high rate. ot 41loon-
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t.ill'f" lIl"· ('If t1l(' 1Tl ·, ' it·!~ I . i('n. r:> I "' I ' i(>!II' t'! wi!.h th, ' TlTiY r:htM:"l r.im'ilnt" 
hi /' ll J :d .p:1 or di::I'Ot\ l.ill1 l 'H ,.(, h· ' '' ' 11:: '' Cl r ex!".l ;. ',!!,,: r>IlI l mr'dtc~t r;jdc 
cl'r, <" I!". 111 ... nrlt..l oll" 1. P)'of: I':'m i ll Knl'r1,. J:; 1It1 1, '>.t.yplC'tl.l, of over· 
1.) milli "'n lUll jll : ; L~ l ·I.if) II :: r,·\"" Unn GOO ,noo J"' l'l .1,jn in r.itu', 'I'h c rc~ 
fore, nC~1 M'.!.h ,,!1:: of f (: rt.l.l il.y rr.l :ul:d,ion, o f crf' :'l. t. r: r :;tmplJcity to 
Uta,' lH,.t r. n :':" t,,1' J'1 ~ l.i(' !\ 1. fU',·Cp[ ',\ d 1 i I.y or!! of j" ,/.arlo.nee to the t::oluliol1 
of T.tJC J)pptll'lll.oll p l'ph1, ,!!.::. "" /1IlVf: l1ipl1l. wll·,· ' , ,:>(lr: cnntrnccptivc . 
wO\ltd bC'lh pJ'Oll\ot.C U:'" hy fn" ; I ! 1.n.1 . 1111 ~ u :;e Ly t ho:',c vlth lOWP.r levcll'l 
of lIIOt.lvrltion fOJ' f~,mUy plnnll1ng nll'l i"ni.t.lCn.t.c t.he necessity for eX­
pclI:livc TlICJical find J1ublie hCrLl1j1 infrn31;ruet.ure to ndrninistc·r family 
plnnninr, pror,rnms. 

'!tic wldc:lcn.1.c m.e of abprl.loll in nll floeJet,1cs even where it 1s 
l11ecnl. ond therefore drulccr(Ju~l point8 up thc 1mpol'tonce of dev,loping . 
methods "'hleh (ire efCl'etivc ftrt.t ! I' eo~ecpt.i.on . 

IV. R~levl\nc':....£! Project to 1';""":;t, I.nf, Kfl"~ln: 

-It is nOW' well c::tnbUohed .thnt t.he ultlmtlt.e eontl'ol./rcau1ation 
mechnnlnm of the secretion ·'of all ndenohypopl1Y:: I 0.1. hormones reside 
1n thl' hypothab.mutl 1n the fonn of the hypothn.l :.mic r ele3sine; factors, 
8. Bcrle:; oC ncurohol'mones 3ccrderl by cells of t.he hypophyslotropie 
arc~ of the hypothalo.mu:1. 1"'i.!~ concept. Bllplj ('!; to the control of the 
sccretion of the eomvlot.ropj fl :; , 'I'\lC)'e tG eood evl dence for the 
cxir:t.'~nc c o f Q subs t ::l.11cC of hYPo UHllrunic oricl n cnlled Uf-releasine; 
fnct.()l' (1,T1r), ..,hi l.c ttl(! ex in t cncc or an FEU-I'd ('ns inr; fne.tor (FRr) as 
(1 opcc1f1c entity i:; .:>t.111 open to qt.lcGtion. or lIUljor sic;nificance 
for .th~ rclcvnncc of t.he procrrun prc:;cntcd if. t.he now well accepted 
fact that the fecclbnck mcehnn i .. m bet.ween eon.1.Jo.l utcroids (of the type 
uped :l.n current orn! proc;cstntivc I1l1ti-fcl'tility nr;ents) Md sec1.'ction . 
of p1tuhnry conndotropin9 19 for t.he larcc3t pll:rtJ if not exclusively, 
at the level ·of the hypothnlmllll~ ( a.nd/or hichr:!r brtl.1n centerG) rather 
tho.n o n t.he wlcnohypopl1yzin.l ti:!::uc as had be~n orleinilly hypothesiz.ell 
even thouCh olle locu:l of lldlon .ls not cxclusive of the other ...... this 
being probnbly rclnted to the pJ n:;mll level,!; of c1rcullltin& steroids and/ 
or hypothalrunic hypophyni.ot.l'oplc f!lct.or. 'I1mG the ultimnte meehanisllUl 
1n th~ releose of lJ[ nnJ mil hence tr1cmcrinn' of ovulation and lnAin .. 
tenance of Q !\1netionnl COrpU3 Illtcwn (both necessary tor pregnancy) 
18 In the hypothalamic eonwdotropln relcQclna factors. 

Y. Description B.nd Evaluation of Methodology 

A. Ioalation ot LRY 

a) Ilo .. s.... Es.ential to &n.Y program ot purltleaUon and 
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l r.n1:o.HOII or th .... n~.1. ('~:d llt:. f {U'!.n l':1 1:0 uvnJ]1l1d 1 tt.,Y of l'cl1nhl~ rc- ~ • 
. flrnluc It.) C J S, Ill!,l, ' T'\I.i :;1,,·,- 1 fi,. h I' o .. r.:,,:~ :: • Fo r Lhe ) ft~t ?~ yellt'::, .. 

Dr. Ou1JJC'mJn'r. ~1"Ollp 11:1 :0 wo)'k. d t..n ,J r:vcluJ'l 1I ::ImJlJI'!) htehly't;cnnttlvc, 
hl t',lIly t;J'I'cl.f1c htw.:::;"y I'o r 1,IWj Ull~ I,; n OH '''HdJnhl'~: t.he mctharl ' 
U;;l'r. O:} n t,C' :. t :ml m.:ll , "" J- l r. Tn t :: , I.r:vclr; of ( nll1rjnc ) til Ilr~ tr'Icn.~urcd 1n 
ph.e rr). B{'.ITIJ.,lcG by n rool j rl - phtl:: ' ! J':t,ll.o) rrunu no:\.'j; ::tJ.v (lilA). A cOVari'l.I1Ce 
.,,:Uysin if; upp1 Lcd 0 11 l.hc TJI ] f:vcl", prc- awl po:. t-injectton to de­
lermhc r.tnt.ir.t1cnl c 1r,nHIf"'f\lwP or fllly 1n('I'(, '\:;" ; nl] nt.l\tlnticnl 
eOinrULntJon3 nrc run on dl~Hlll computet's. 11m" there is a hiGhly 
rcl1n'.Jlc in vivo ns :::ny for l.nt' ill/I.t. Cl'1l be u!lC'd os n routine method 
to nc!;css the purl flcatlon of hypothnlDJltic LIlF'. ,. 

b) StartinG mnt.cn"l'l.] 5 r~"uurt.rlco.tion and ~. solation or LRF. 
Dr. Cui~emln hac saved nnd llccumlliated from t.he holation proe;rarn ort 
TRJo' (TSH-releaclnc; fnet.or), Did e' fractions to the TRF zone at the .first 
at,.p or purificntion corrc:lponlli.flC to the crude ext.ract of oppro~imll .. tell 
1.5 m.UU.on sheep brniM. nlllf: 1.here arc ndcqual,p qUUon t.lties" of starting 
mntcrinl. 

c) Purification nnd i:;')l n.tlon of LRF; 5!£.~cnltinntion of its 
molecu1nr structure. '1'\C C!l'Ucic c>:trac t is ohtained by organic ~Qlvent 
exlJ'act1on of the po .... der of 1yophilhed fral;m(:nl!'l of . sheep hypot.hala.mus, .: 
fol...\O'tred by ultrufllitrco.tion Wltlcr nit.rogen prc!J sure, throueh diaflo 
membra nes further purified hy i oil exchange chrom:l.toe;raphy. The sub .. 
sequent s bees of purl fication ·,.,ill be hiC;h vol t aee column electro .. 
phorcr,;!s followed by mu.1UIJle ::. k pn of par litton colwn.n chromatoc;raphyo 

I 

.I\nouml.nc that Lny is u rclnt.l vcly simple polypcptide, detcnn.ination 
of itG molecular struct.urc wIll be approachccl by methods with which the 
labora tory is well acquninted ( tlmlno ~cid annlys ia following alkaline 
or acid hydrolyciS, cn7..ymntlc hyc\t"olycia, the dan::.yl method ·of Gray & 
Hnrtlcy, the EWnan degrl.ltlation mdhod ). Effort::. will·be directed at 
obtaining loW" Ilnd hiC;h r csolution mnss spectrn of nat.ural nnd/or de .. 
rivntized LRF, as well on lR, UV and nuclear magnetic resonance (NMR) 
app.etrll or the laolated moterinl. When amino acid s~quences can be 
observed or reasonably r.u:;pectctl, the lab'oratory wlll engage in the 
sypthcl1iG of the pertinent. s tructures. If, o.s in the case of TaF, one 
ca.n postUlate reasonably po:;s lblc! Gtructure3 by mathematical permuta­
tion3 ,of D. small number of am.ino acids (soy 1'':5) a~ sale const:l:tuenb 
of LRI', Or. Guil~emin ",Ill undertll.ke the immcrUatc synthesis or tho· 
InOlcculc:; TCprC GClltinr:: 0.11 pCJ,n.11!",\t!ons to stwly them for biologicol. 
act1vit.y anti )lhY31c31 propcrt.Jc::;; by th13 method the structure of h1-
P.'thalDrlic TRF 'fiBS teatnbllshcd in less than 5 months • 

. I. ,Purltlcatlon, isolation, characterization ot mr 

It li .tU1 lIIllaiown if Far exists as a true chemical ent1ty~· 
A ..." _thodolOQ is belng developed based sadn 0\; the 11"",10 principle 
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. of ,1\I.:nr.ul'lnG Cn(l("1I ~"lInlH: TC',l e :1::!' Df 1·;: 11 ur: t1il '(·t:Lly tl~ pur.n lbJ.e J 

' by CL rmllo1mMTrl<I:lo:; "y fClr "ut. I'~;II ltl'pJiC'nhJ " t u Tnt. pl.a::rn3. , . , 

Le: 
---:0: 

IfHh ava Ullbllil.y ('If n'l n:::'ay IIldhotl J OT F1W, eXllctly ~hc atUne 
proc t' l lurc ns dcncrlbc 1 1'1))' I, lfl" n 'l:n1,11 nr, J" lrlfi entian, i Gelation, 
IItt'Uct;urr., ("te. woujd h e r ()},l Nll'rI . 

C. ~.V I1t.~r.t. lc nfl l " ' ·,imj :~ l . "1 10 I .l ev ------- , - ~-.- ._---- -Ao coon nr. cvhl(:llcC h1. :: IlcclIJllulnt.C',I rceanli.nt, even partlnl 
. kno\dcd[.c of the om lno ae! cI sequence , of I.B.F, all GyTlt.hetlc· trae;mcnt,D 
"ill be t.enLcd for lUll.i.-LIn" activIty. Onr.c the complete structure ot 
LRr is esto.blbhcd, th" pJ'ojccto efforts' will turn toW'.o.rds' the ' B)'n~ " 
thesis of analoec wIth anto.c;onht. e.ctivlty to LRF. . ' . ' 

. Similar s'tudics 'Would be directed 
of FRF if the existence of o.n FRF QIld ita 
e8tablished. 

n. Evtlluntion of '·t-::thods 

". ," . 
towards obtnining. analogs 
molecular structure can be 

' .. 
)t\ny of the techniques to be used in this pl'oject are quite new ' 

and employ 80phisticnted biochc~tcnl methods. 

Most of the i mportnnt t.echni~ucs have been described in the 
1 t teraturc: 

a) Bioansny , !Jonndotroptno , 1%8 , E. Roccnberg .Ed. Geron .. X 
Pub1. New York 1968 p 313. 

b) ' The antibodies used nealnst m in the blo8sa8y, ' Ward et a1 
in Gen • . Compo Endocrino1, 8, ,41., 1947 ·and Gonadotropins, 1968, op cIt 
P 43. 

c) Put"ifient ton nnd 
Word. psEnr~ 118 p 1132 , 19<>5 
NllturC, 210, Th, 1961 ••. 

l r.olll.ti on of LRF, Gutl1emt;., ,Sakh arid 
alld. Ynma.:;hiro, GuiD.essen and ,du Vigneaud', ' 

' Dr. Gui11em:fn'a group 10 extremdy well qunlifled to 'employ these 
advanced blochcmlct\l tcchni'lll"t.. '1l1cir i nol ut l on and charncterhation 
of THF is generally connhlcrcd u mll.Jor ac~entirlc nchl~vcmcnt. 

, 
VI. Evaluation or Rescaroh Co~~tcncc of the InvestiGators 

. , 

.. 

Dr. Roger GUUlemin at present ·is Associate Director, J)epart.en 
Ixper~nt&1 Endocrinology, College de France, Parie J Protel.or ·of 
l'blIlology, Department of Ph,yaio1ogy, and Director, Laboratorhl for 
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f:l:U "ocurlocrllloJ Clr,y, Oclmrt.mC'lIi. ('If l'hyslol o,'.v. Hnylor -Un! vcrGity Collcg.c 
of '.!C'rll r:-Irv:" II ('I\I~ !,(IfI, Te-xn.': . II ~ 111l:J ~Cl'VCt1 0 11 the numcruuo U:J.tionlJl. ~ 
rulll Inl.crnnl.Jollnl C:ol lllnllL.cC'::l. .• 

.• 
11(' h 0lJ ncltlloul (,Ilceu lC':\llcr in the f j oJ II of ncuroendocrlnoloc;y. 

lie heu> cl11 t crt rom' volUlnr l1 :I n colJahol'ntJ 011 nfld ie t.he o.uthor of over 
200 pu~ilc ll t.:f.ont.: :J n the rie1ft of endocrino] 0r .. v, neuroendocrinology, 
o..nd m.nthct.tcol ::umlycln o f bJ.ua:HJ(J,YG. 

othe r ·Gent.or invcr.U(;a.tor:i \o,.iH 'inciuc\c,1 

1) 
. . 

ntomn.s ·F. Dunn, Ph.n. 

Prc:.ently, RCGco.rch Ar.s6cinte, DCpart.lncnt of Physi,?logy, . 
&.rlor Collcgc of Mcdici.nc, HOllston, Texas. 

2) Rocer C. BUl'Lf,tI!; , Ph. n. 

Prescntly, As::oc1nt~ Professor of Dlochcmi,stry, Departmen1; 
o~. PhyGio~oGY, Bnyl?1' CoJ~ccc of t>1cdicinc, Houston, Texo.s. 

3) lIy11 .. W. Vnle,)r., Ph.D. 
.' 

Preserltly, Assistant Prorc~oor of Physiolo~, DepartMent ot: . 
·Physiololl.v, Baylor Collc{';c of r,tcdlcinc, HOllston, Texas. 

4) Max St . Clnir Amo~o, Jr., ~l.D. 

VII. Apprniso.l .of Hcscarch HCG ourcco and Budget 

• I The institute is 0. new nnd flexible organiza.tion, fOWlded 

, .', 

« ., 

, . 
. ' " 
:-,.:. , 

. . 

. . ' . .. 

., 

solidly ' in molecular nnd ccllulo.r 'biol0eY and w~th a recognized 
capacity Cor innov3.l:.1on. It hnG Latnblishcd a coherent plnn for . .1 

expa.n~ lon dcsJCncc1 to suppr..lrL the entry into the field of reproduc- · 
tlve blolo('Y nnd to cor-tlrc thnt. t.he In::;titutc's othor activities will: " 
re inforce its propo:;cd pl'OCrnm:1 1n rcproductL vo bioloCY' 

1110 trustee:; or the Snlk Im:tUute will provide $1.5 ndlliOl}, . 
Q1ld will employ r.;l'nnts from t.he Ford r'oundntion for $1 .0 million an4 
from the Rockefeller FO\.U1'lntion for $750,000 to catablish basic 
faeilitle3 at the Inntltutc for the field of rcporcJ.uetive biology. 

' Vell over hal~ of its cxis~ing laboratory space is available for 
eKPansion into thcse new arcas (8000 square feet). 

Through its Non-Resident Fellows and its relations with auch 
inDtltution. as lIarvo.rd, l-hllonchusctts Institute ot TecbnolOQ', 
Calltornla In.tltute of Technology. Rutgers, Cambrld8e (U.K.),. ana t6. 

., 

.. 
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Ttl :'l l, il.\ll !'Il:Jt,t'\U' 1n l':u'i :' , II. ('ll ll I·rrcct.lv,'l,y L"IL!l wJ.dc l :UneC oc. 
In WT.cc'~Utd l'Ur. o ll,'t: ",: ill J·CJlI ·f" 'U l.! tlV~l bJol ogy .III n I.llrcct nnd 
Ilr:lC" t..J. t'n) fu::lIlon. 

l11c Ins tlt.ut.c hn .• II lJ vcl oJlr d n vru.uil1Jl~ ttll!l clo:;c rclaUonnhlp 
'With t.he Unlvcl';11t.y o r CO\.Ufnl'tll a , finn Jllcco. Tn nflrtitlon to ita 
Cro'.d·IlC n~t'.rr 111 1;11(' fi el d of J" ' :P)'Cl{hlCtlVf! h lo).o['.', wlt.h which we "rill 
",,1"1; c 1 o:;cly , t.lle 1'n:o t 1.1.11 1. (,: n.l:l o 111111 uvnl.l nl 'le 1.1\0 Unl vCl '~ l ty I:; 
CO!'tpU t.Cl' nnt! lihml'Y f lIC U i iJl. r.;i; • MOrl t. of Ul l! Jnd, l.I.u t o ' n FcllO'lm are 
profc::;.::;ol'S at the Un l.verG1ty !tntl may pnl'l, i.cllJa';~ :1); t.hey wl:Jh 1n 
ncadrtn.l.c proernms t.hCl'tJ. 11lCll"C 1 t:, mr,U'CO'lel', 1n cu(;h rcnc8rch proCram 
a lArue complement of ]lo3VloctoJ't1..1. f(!llo~rn, rirt.lHn from universitil'B 
both vit.hln lmd outside' of t.he IJllltcd Stat s. 

The work to be nccomplt:;hr.!fl wll1 requlrr. n Jnree scn.le effort. 
i nvolvinc 12 !\tll-time top level scientists, 10 t.c..'eilniciRns , and 
clcrien.l. personncl. Sn.In.ry l'c.-qlW:; t s nrc in 1 inc Hi t11 thc levels of 
eompctr.ncc reqnh'cc.1. A. I. D. i.r. requested to supply $270,550 for . 
purchn~c of cqui Ilmcnt 1n the first ycnr which is ca~cn tilll to the re .. 
seurch Pl'OC1'um . Dr. GulD.ell'lln's group and '111e Sulk In3titute \lUI) 
supply other major equipment -w1t.h an approximate r epl ncemct;lt 'value 
of $250,000. , '. ," 

.. .. ' 

The proj ected costs as set forth in the att ached budBet . ~e 
appropriatc to nn effort. of t.htr. magnitude nnd type . 

VIII. Technical o.nd SctentlfJ.e n~view of Pl'OpmH1J. 

I 

.. " , 

Besides Dr. buillcmin's l nhora.tory,· sevcrn\ investiGlltors ha.ve, ' .' 
contriliutcr\ to the now well estabHshed concept proposing .the existence '. , • ;-. .- ' .. . ;., .. 
of hypothn,lamic LRF (rcviet.fu in G. H. HarriG ~ in t~e Pi1;uitn!}" " . . ,\ . , "',. 
Clnnd , 3 voL, Univ. Calif. Prf.):'o,· 1967; SchnHy ct nI, Recent · .' '~ . '" 
~C'~s 1n lIonnonQ n~ :-; r.nrch, ~l" 1'97, 1960i '4cCann ct nl, ·Ann. Rev. " : " : " 
!!!y':; .i o1~30 , I~l.h, 19GB). (;ui.Llc!mi.n nod Schnlly ct nr;- . .' 
(.~:ndocr1noror:l' Bl , Tt, 1967) have l'cporlcd obl;:d nrilc;-LRF' of ovine, . ' 
bovine or porcine hytlo th::t.lnmic or.icln in (1 hieh degree of purity. 
To this rla.t.e, no one hnn i nolnted hypothn.lnmic 1,RF, the mbleculllr 
stnlc t.urc of ,ihlch l'cmnino unknown. Simllq.rly , no o.n to.gonhts .of LRF 
hove been r eported. nCCllunc of the minute omountn of LRF .pt:caent·' ln 
eneh hypfJthntnmlc l'rnr.,mcnt, My clin ~cnl otudicn with 1,RF or, o.!1o.~oe~ . 
wIll havc to bc pei'Conned with mnte~~n1s of f1ynthctic origin ..... · '; , : , '. ' ., 
whioh, ot eourle, cannot be prol.1lU'od unlc-III!I the structure"ot ttie . natu~ . " ,., 
ltonnOne 11 determined. .' ,, ' \.: .' . .. ,.. . ., " . , , '. . 

, , . ' ". '. ' ,\., " " , . 10 

1ft ,the llat tow montho, pilot etudies have ' shawn, uein"the. neW ' 
••• ., "thod an4 only 2 0 tepa of turther , purification ot tHe LRP con-

, " 
. '. ..... 

" , 

, ' 

, . 
, 
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POP-I-",fl, 

l""'II't'I' : I~" IlVallnll11 : H~: ::I.IU·I.II ': ', l!l: d.~ t·I"l J t.h'd, Ilr . (:lIilll"mln linn )llIrl _ 
rlf·LJ,l! ~·lJl·up:1r.atto/l:: ru.'J.i.Vl!. 1.11 .. ~.'.:!.':'. In t..Irl n ;-.y;: I;r:m n h-- ].00 nr.!dc:;("o ' 
1"' :-:" J IIL·I' · lr : I I .lnll~ Ol'e ~:t.il1 Imt, hornol:r."cO\H~ by vm'i.ou~ phyGJ.co­
Clw',d ClI l Lc:.: L:1. 111t'Y :;I1O':r, h Oot.'vCl', tHl more 1.11",n 5 m::tjol' wni no nci{1:J 
f n l l.wl l1e 6u lIe l hyd l'ol y" I .: . Th,::t'1.! I:: n1:;0 cvtrlcncn thnL C'nzym:\1,J,c 
,Im'u b" tl.on dC:::t.l'OY:; l.hl'! bi.nl t;'1eicaJ nf'LlvLl,Yi from t.hr.r. e nmt other 
r. 1.\lt1~{:::, the prnh:,hl,v n:d.lIrp rd' Lila N-1;~ llnlI11l1 {Imino ndrl of. LRY ttl 
kllo',:n I.hu:.: d t.' cr( ·a::lnr; C(1!1 ~111\·. J':!I 'ly t.h ('"; mUllh..;·!" 0 1' PQ::r.ihlc PC1'mutld .. J.ons 
of c t l1 Cl" nrnillo .tcld.3 0.:: di::Cll:;;;'.:,1 nhovc , \.11nl. ~/ou:1d corr er-pond to 
p osslble s t.ruct.uTe to "y nl.h e~ i z(· nml nt,udy for btoloetenl activity. 

Probably tllC mo.::t ,r. I.I :n.if.i cllnt contriuut.i nll o r D,'. Cuillcmt.n'a 
group towaN c t he eoal~ d; ·;clI:-. :::cl1 ill thc appli ('at,ion, is thcir recent 
isolation of thc hypot.liaJ.lunic he'lmollc T1U' ('rsll-l'clcD.31nt:: factor), 
the dctcnnillnti.on or it::: molecular strucLure (llld GyntheGis as 
'Well a.s thn1. of Sf"'VCl'3.1 2116, 1%9i 
idem, 262, 226 , Chnptcr 
111, p. 1, I 
October 1970). 

outside expcrt revtew ttl in process. Comments of John W. Everett, 
Ph.D., rrofessor of Ani'lt01t\y, Duke Untverolty School of Hedlcinc are . 
0.5 follows: 

"This Is hnn lly n mo1cs t. Pl'oposal , sclcntifictlll.y or financially. 
It i~ not only bold , but tiw.!).y, ~1Cll conccived o.nd well founded in 
rich exptlricnce. Dr. Guillemill is .. r1dcly r ecoc;nhcn D.G one of a. smo..l.l 
ha.ndrul of outsto.ndinC workcrn i n this hiehJy specialized area. of In .. 
vest"lention. I knmr of no one better f itted to U11dertake the intensive 
program thnt he outlines . Quit;e properly he cmphns izeo the reeent 
achi~vcmnnt of bis laborat.ory group in loolntine the thyrotropin rc­
lcnsinG fnctor (TIU' ) nnd detenni.nin5 its molecular structure, u.s well 
o.!1 synthcoizJne relnted compoundo ha.ving TRJo' ac tivity. 

The question nIJ i r.!'>uc, im:o fa r n:::. A.I . D. support is concerned , 
1s thus whether there is I'l stl'OlJ11 likelihood that the projected study 
w111 yield ITIlltcrinls of pro.ctlcll.l vnlue in population control. I feQl 
that Gueh a. likellho()(t ex ist:; . It in pertinent tha.t the na.tural TRF 
nllll 1I.n fiynth etie Maloc:; nrc lLctLvc ornlly. If the lutcinldna hor­
mone r c lp.o.r.er (ttW) nml J to ntiTi l o[';a en.n be oynlhenl1.cd, the development 
ot cynt hntlc antncotrJ.n t.o c;hQllld be feasible. An noted in the I1ppliel1-
t.il'm,'l."' Antll8ontnto fM,Y well conntH;utc Q.t\ nlmoot ideal antifertility 
Method' II 

hrtlnent COI'IITIentl of Dr. Charles H. Sawyer, Protessor ot 
Ana~, unlverslty or Ca.1irornla, Los Angeles are as toll ..... , 

' 0 



, , 

• 
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" 1 hflV!.! rC" nt\ IIr. Gul lll:lnln':: 1lJ'opo:wJ fOl' 1\ rcncnr('h crnnt from . 
A.I.II, fwd L. col1:;i~lc T Jl. f1 stroll/ ', tn'opo:onl 0lt';l'cnt. r.cicntlflc mcrlt 
n:l n bt'~ le rcr:c~l'('h l'rCJ(~J"·Hn. '11" nflnJ y:: lr. of t.he 0 true turc of 1 utclni­
zinC hprIIKmC rclcuslnJ..; Cl'd.O I' (l,H~' ) RllI l lln r.uhr.cfJucnl synthco:l (; and . 
al'J"UcOot.ion to eJ hllcf.I.l l'rt~hl.l! 'II" nnd popull\t.ion ('ont.rol ll.!'C most. 
wOl"thy ollJcctivcD. ! 

lJr . Gu lllcml ll La, IH)'.1CVCI', n pioneer nnd 1 cadin~ investicat.or in 
the flclrl of "hYPol'hy:;ic,trophl c" 11o)1nonco nutl 18.s efforts and proposals 
t1~dt 's t 'roue 6UIPort. 1'110 nett t.i c 1.t.in~ at the Sulk In3titute would 
provIde '8 very sti.m\l1~1.lnc cllvlnmmt::!nt for sturll('~ in molecular 
b loloc.v , and the rn:;t1~IIt.e a pI ' "I I': : 1.0 be cnterine the field of popu­
lnt.lon cOllla'o1 wi th d. :d k :, t. i.'II' , " 

TIle propo:ml \orn~ )'c v l c~'cd M'. £lpproved by the combined r eview 
C OillJn.l t.t,c~ of ':11 (, OrClc(: ur l'opll1ntjon nnel t.he Hnc iona1 Dl.1rcau~ on 
,.1 r '\ot ,"'.ry 1~, ]9~{O (" Ill h.'1 l...he Rl~~('nreh Ilnd In r.til.uiiono.l Grants Com­
mi tl. t! C all Jnmw,ry ?2, 19'(0. 

This proposlll (dctcnni.nal.Jon of the st.ructurc of LRF, synthetic 
LRF-antnconhts ) is hiGhly r el c \'ruit to t.hc pl'oblcm at fertility con-
trol in JJOC ' s . t' 

i) Isolation oC I,RF om dc Lel1nlna.t:.ion of J.ts molecular structure 
mur. t bc ncco::1pti:;hcd hefor e r cn:.ollll.blc hypotheses may bc advanced on 
'Which to bo.pc t.he synthesis of molecules 'With Ilnti-LRF activity. 

11 ) Aynlla.bill ty of the Lm'-nn t.o.eonis ts may well const1 tutc an 
t' l tnost ill cal antifertilIty method: antagonists to tRF should be ab1.e 
to i nhibit nctivity (of LRF) at the pituitary l evel within a few minutes. 
TIU)ti, o,s::;umtnc the currcnt: conc(:pt.s o.bout thc pi t.lli tQ.ry origin of the 
lutcotropic Q.cttvtty that mnl.nto.lns thc co.l'ly corpus luteum of pregnancy 
(L 3 week:; ) to be correct, ornJ. ndmlnis tra.tion of 0. dor-age of anti-
LJU' oncc 0. month (ror inGtnnce,',in 0. simplc relntionohtp to the lunar ' 
month) should inh ibit ovulntion or intcrrupt curly implantation by 
inhi bition of the functlon of tllccnrly COll1US lutcum of pregnancy. 

If this concept i.fi corree t J synthetic l'lIolccule:l with anti-tRF 
actlvity would be an olrno:lt i dc!ll o.ntitcrtllj ty nccnt: it wOuld be a 
once-n-month pill; 11; \oIou1(1 lik'~,l y net wlthout Jl~dphcra.l eft'ects 

, ~ 

(no biolouiea.l activity of hi13h1y purificd LRF has been seen in ex- : 
perlmento other than to stimulate rclease of pitulto.ry hormones, and 
relat04 antae;onhts l(Ould 10131cnJ~y be expected to be simllarlT highl,y 
lpecitlc In their loci of effect). Considerable basic research 10 still 
necessary before definitive statements cnn be made about these .everal 
hnothe.cDj we know, however, tho.t the techniques to approach the probl_ 
..... .v.Uabl. and the Snlk group is 1rell flllftil1nr vi th all. or th.. in' ro .. 
or 1i1oehendotry. ph,ysiolOilY Md endocrinolOllY of reproduction. 

, 

, . , 
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June 1, 1970 - ~e.y 31, ~971 

Sal.s.r1es including Soc1LL Security benetl't~, etc. 

:E:qu!..p::ent 

~.'" ~ -:ter.."":ce e.."l.Q OJ."t!'i tt:!-~~ 
l,,~:::c!"t..'";.o!"y c::.'";.!,:!.t;';::"=:~s :.~C!' p!1ysiclog1ce.l stuces 
( cc~stent; ~e=?e!'e~~e ~o~~es, co~d 6torege !'ac11!t1es) 

~e!c~ize.t1on un1t ~d ~stallat1on 

':!"!!.-:el exnecses, s~:r to ot!ler l.eboratcries E...."1 .! meet!ngs 

Co=~'.!<i;er te~ $6,coo, sc!'tw'are time $8,000, 
:-_e:;. ... :c.re t !'?e $12,000 

CC=:'.l!l!cations, In!bllcationa 

!-!ov~g expenses at .lergl! equipnent from . !le.ylor t o ~ Instl tute 

Total Direct Costs 
Total ~1rect Coste 

~o·~eJ. lnCirect O".-erhee.c! Costs (e.pprax1:",..s..~el~· 25~ ~ 
to~~~ ' d!rect co~ts) 

. ;. . 
. Orend Totu Appl:1:ce:t.1cn June ~, J.970 - ~~e.::' . . 1973 

• 

$ 229.000 

270.550 

32.500 

20,000 

5.000 

75.000 

5,000 

26.000 

2.500 

l~aOOO 

$ 680.550 
$ ~.804.550 

$ 450.000 

$ 2.254.550 

-. 

2n1! Year 3KT_ 

$ 350.000 & 380.000 • 
1 70.000 20.000 

40000 ,. 10,000 

90,000 90,000 

5.000 5.000 

25,000 25.000 

2,500 • 2,500 

--
$ 591.500 • 532.500 

r '. 

~ 

J 



, , 

, . 

. , 
3-],-7-, 

EXSEC 

M/TA. Joel D~)·n:u t.(::in 

~ .. : YOu •• ~~~~~o~'~~~~,~,-~.'~ .. ~~~~'';~~<~<~'~· ~~~~~~~~~~ 
JZ"9DQ'Al. to ~the Resenrch Advisory Cor.>.::;itiC'C: for review at its 29th 

. . Icbc4ulcd mec~ .. lng, r-:l'.t"ch 5-6; 19'(0. 

Discussion: '1\10 ot 'r..h~·f,C Pl'o!lo.~n.ls fi r e for c xl.('lls i on p.nd supplci,icntnl, fMdi,ns 
ot onf,oini,\: projects. ~'hc r.;!;:-:d ... ·:nc: five - - O: lt: in nutr:f.tion, one 1n economic 
etudieD ,' tvp :In pOPH1sJtion Cl,:",d onc in .at:l'icuJt,~.l~<.! .:..- are new proj ~ct3. All 
.even proposal" .. 'cre l'evh:'h'ctl liY the Accnc~r ' £ :ir,t c:r.l1e.l revie;r com::1ittee, the . 
leeollTch and Institutj,onnl GrG...-.ts Council (m:cc) on J anuary 21-29. Its 
actions are r eported in the att ached co:r~'TI(;ntr. on indlviduc,l project!' , • 

"'" , ",f"" "'. i'" 

. Follo'fing AA/PPC revie'" , our IT 19"{O OrB f or nO:'l -pop~lla.t lon and popuJ a.tio~J ~, 
Centrfll, Research including Pl·OC:'r.:11 suppor t .... ('~ . ;' (;:;t:obJ ished e.~ $8. 5 million 
end $6.5 million l'er.:;.ect.i'tcJy . 'lIne Juttcr t1'. I O~l ... ,t f or population p.·oj~cts 
will adeCJ.u6.tely ·fin.<\!',ce ..... be tFa n{:\! prapo:;nlr; r,<:hc.duJ.ed for the R;'C l'~vieW'. 

For the Jlon-popula.tio:'!. proJect .. , the thl' '::C n(..·~' l-':r:opoRuls golne; to the HAC ' 
may n¢cessi tete e..., \Ip::a:--d e.d~us~,;~ent, of aul' oe .!) rlilHon OYl3. eut.hvl'ity , it 
"PP1"O'ICd end fully iMplemented. He do not jntend to request eny OY.3, incr.ease 
howev'!l", until our current yeClr rASA Resc ul'Ch prvJccts , "th ich 'WeN funded in 

, July, 1969, A.l'e thoroughly r evic;icd . This nvjc~t is now underw'~' , with com­
pletion e):pected il.~rch 15, 1970 . Any appli ceo) c s e.vi.ngs ",ill be redirected 
to those nev proposals wh i ch the RAe app:cc.v~:; . 

It the financial r equh",r::en',;", of the Praj c:C't r. e.r !.<t'~vcd by RAC exceed t he 
, present $8.5 'million 01'"8 1 and ACi!l1cy funds at" r~':anableJ we wil l request 
an 1ncrcnsed OYB not to e>:ceed the $9 mil) ~on ctu'rent ConeressionE'~ limita­
tion. ' in accordance with our aerecncnt with PV\ / ??C. If Agency f unds are ' < 

not then available . we will follow Oul' r eeu) n.t' nl"act:f.ce 'or 1mplcticnting' the 
projects in ord~r of priority and feas lb'ility within the cUl'rent approved 

, OYB level. 

~da It~.E!.s} In o.ddition t:::> l''':;\'imr ar tho:! ~, ('v ,:'n research proPQzIl13 the 
RAe agenda. also i ncludes a. dincu3sion 0 .... AI D 1' ,,: .~ c .3.r (~h pJ.2.J1nine and evalua­
tion on the t:l.o:"nine or i':!ll'~h 5, and 0. dir, C'<.I s sl(1:l papor entitled ".It., A. LD. 
Nutr.i.tion R~sea:·.::h R:tt.::'onale c...-.d ~:Oi:l'L'::, for t he I ~(O I s" on the aft~!"uoon 
of that day. 

, 
• 

l 
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Rcl.a.tion, or Diel.H}'Y CaJ ol'.lC Int.a!i.c t.t) l'.to lc:S.n Ut:Slbation in Han 
, 'Ma8lac:hUtot.t:; rll! : t.. ~ l.u l l: or '1'ccltJ101o~' ' ]}!.u'n l:S.on, 3 years; cst.. 

, total cost, $290, Cl}>.q; FY '/0 flJ!lds l'c:quln'd, $90,6711. tlllt1Cl', ... 
lancmulr. ~IClTjn .Y . .... .; .. .. 

. .. 

Decision: 1'oa t the proj c:c t be dt!fcrrcd , subject to a project , -ait.e vidt. by the f.ubco::t'uH l.ce at. t.he eo.rllcs l. po[>slblc moment, 
• 
j \ I · . . 

and that the l )l:oj co{' l'l'('ll() .. ~l lJe l~CEtUU;,: .i.l"tcd to the Apr!l 29-30 
.S , , "ccUn!; of thc lL\C. AJ l Li.Vl'.ilublc ur:; r.flnc; nlatcrlal should be ': ,'i.>( pvcn to tlw s:.lbc OlYl1rlitt.~~c before ~~l~~h :>H.e visit. . "', :' . . ,' " '.,.'; '(.>: :', 

r. ExchMCC CC'lntl'oJ. ,) rJih ~r[·J:i7.ation nnd lJ ,:; \·.· l npmcnt -- Natio:~al 
Bureau of J:COilO:rl:ic HC!Jcr.:> . .'ch . llurut j oll,lo 2.1/? years ; Cf;t. t.otal 
eost , $h?6) OOO j }'Y '/0 f nmis rcqu!t' ccl ) ~· ~Jn , OOO . Kirk ) Anderson , 

. . Clnrk. Y " 
' ! • .: '. 

• ~ : I •. 

. ' .: '( .' ~ , .1 ; " Deoisiol!! Approvi.!d fOl' A.I.D. BupporL suhjc:c t to the appr oval or 
. :. : "~;' <.: th~ anaJ.yticnl fl'amc\>"o l';~ by n RAC sul,co:l 'Il.U.toe consisting of Dr:::. 

, , . ) ., ' " . Xirk, Anders on, 'ranter and one cconomlr.t outsicle the RAC to be 

• 

". ' "'I :'f . ,. selected by the suhcolTJu:lttee . .. .. : . . j :, . ' '. . ' . , : .~. 

~: I " \ ; ', ."~'::~' ~~v~~ ~~men~ o~ ·~Ill!: l.h~ t(,~. ~· 'or .~~.~ J J~-l: ~: J'~:'~fi~'f~ ' i~~·~~l~ :·~~~':~~·~~;Ll'aCC~~l'~~'/.' " 

.' . ' . ' t!!~n~~ - - The f~;~lt;, JJ'lStH.ll.tC. Dur£:. l"io!J~ 3 yc£:l'~ ; cst . tot~l cost) 
~. ::~ :',,' 2 2? ,550; PY.70 flUlcls )'~quil'(.'cl , $? ) ? ;.,ll ) ~~O . '·ferrill, L:tnemuil' , ~IilJ)er. 

" . ; .. :.: .... '. ' . . ; - -
': ~'. " ' ; 

" .. ::,:¥ ':;, ::? lJecision: Apnroy.;;(l f or A.LD . Gwmort. EuiJject to the proviso that ~ 
. . :,. : en nn.'lual progress repo1'l; be trAde nvallhhle to the RAC . '. ' ; . .'¥' , " .' 

PJ.'oshel s.ncU n o.ml Oth::l' RCS1Ztl.l'ch fO l ' ~h c: n~V(:J. vlJ:Il~t of Contraceptives 
~~le rrorce ~tc: J.' FOlUlci.Ut.i ('l!! for E!).'P~l'hiC:l'~ : 1. R:i.olo['.,y . DU1'ati ..on , 3 yea.rs ; 

:,:: .. . '. cct. total cos t. , $2,990 jOOO ; FY "(0 f\.UH.b rc·quh·e;cl, $2)980, 000. Kirk, 
. '. ' . .' :',~ nallen, Lindcr . . '. . .::' . . ," . .. .. .' '.':.: '.~ . .. .. . . ". ': . :'. ':i '" 
", ':. , :., " . " . " . .... . '. ''': ' 
.... : : :. Decision : To approve the f'ul.l contr~.ct for' A.I.D. support as proposed 

: " ' . WIUl the }>rovir;o that there be all n.'lllUQl rcvic\T of th£! project by the 
::: '. '. RAO. . . " . ". ',, ' .. '. '"" : .... . .": . :. : ,'. ' : ". ~., ':",: . ..... ,:. . .; .;.,::..., .. , .'{ : : . ,'... . .... ; . . . . ~ .. " .. ' .. , ........ .. . ,. - ' ' ... ' .. ,' ... : ..... ,.. ,'.;;. 

'. ,' ;.. .. . ' , . . ,. ' . . " :'. ,.; .. .' .. ..' 
. ". --- -- -_ .. _,-----.. __ . . ., .. '; , . . . . .. . . 

Proposals l :i.sLcd bec;in ",lith letter IIF:u to correspond ",ith identification 
or items suhrni~tcd as "Cc::!.!I!ents Oil Proj)os r!ls to be Revie\>.'cd'J atte.ched to 
Action J'!cmol·'mdl.l'lI d.::.tcd l·:'J.l'ch 3, 19'70 . \ 

. Y RAC reviell suuco:i1.11itt.~ ,~ ) Cimirmf1.11 l1ndr.:'·::;C01·cd • 
. 

· "'" ~I Dr. Paul Clarii. , ill • of l1illi~ms Colleee 
subcoiMlittce. 

was asked to serve as a non-RAC 
:'; - 1.-' ·t,.pllcmbcr of t~lS 

t . "l'" • , 

. -: .. ,. 

• 
. . . 
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--
l!ator .tnntlc t lll<.:Ut. HC3C{'l'dl ill ArJ d f:l1d ' !U'.·Jhl!IJ (l J;mcls or t.he JJOO' • 
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4.
 
A*SUMMARY
 

Our original Contract (see p. S-3) called for: "(1) isolate the luteinizing hormone
 
(LH) and follicle stimulating hormone (FSH) gonadotropin releasing factors and establish
 
their molecular structure; (2) to synthesize these molecules as well as a series of
 
various analogues with luteinizing hormone releasing factor activity; (3) to synthesize
 
analogues with anti-LRF activity as inhibitors of the secretion of LH, thus acting as
 
anti-fertility agents; and (4) to initiate clinical studies with these substances."
 

As 	 per today, October 1972, goals (1), (2), (3) of original contract have been 
reached. For goal (4), extensive clinical studies have been initiated with the use of
 
synthetic LRF but not, so far, with synthetic LRF antagonists. This is because the
 
presently available LRF-antagonists are considered to be of too low biological potency
 
to be of clinical significance.
 

Extension of present Contract AID/csd 2785 is essentially to extend and reduce to
 

practice the knowledge that the previous 3 years have allowed us to acquire.
 

For extension of this Contract, it is proposed ­

(1) to pursue the investigations that led to isoJation aid characterization of LRF
 
and have shown that substances of hypothalamic origin other than LRF may be involved in
 
regulating secretion of gonadotropins (such as FRF and a possible natural inhibitor of
 
the secretion of gonadotropins similar to the growth hormone inhibitor we have recently
 
observed in hypothalamic extracts).
 

(2) to continue and extend the present program on a) structural configuration of
 
LRF and related peptides; b) mechanisms of LRF binding to its receptors leading to
 
secretion of gonadotropins, to obtain rational clues for the devising of LRF-antagonists.
 

(3) to extend our present series of LRF-'.analogues as competitive antagonists to
 
produce more powerful inhibitors ­

a) using new substituents in positions 2 and 3 of the decapeptide, in view of
 
our current success with these compounds;


b) using new substituents in positions other than 2 and 3 in the decapeptide
 
sequence;
 

c) 	using a different approach not used so far in the present contract, based
 
on the concept of affinity labelling; affinity labelled compounds fix
 
themselves on receptor sites in a semi-permanent manner which is irreversible
 
during the biological life of the receptor protein;
 

d) 	developing chemical conjugates of LRF peptides or analogues with large
 
biologically inert molecules such as dextran. Such conjugates-analogues
 
should have prolonged biological life (up to several months) and would be
 
ideal as long-range reversible inhibitors.
 

(4) to extend our clinical program with the Dept. of Obstetrics & Gynecology,
 
UCSD, for testing:
 

a) synthetic LRF in the normal physiological menstrual cycle. The exact role
 
of LRF in the human menstrual cycle must be clearly understood if we wish
 
to apply adequately antagonists to LRF;
 

b) consider the use of LRF itself and of a long-lasting LRF as a contraceptive
 
method as it would allow a powerful means of regulating ovulation time;
 

c) antagonists of LRF as anti-fertility agents in selected normal women and
 
then in Phase II population testing.
 



5. DESCRIPTION OF RESEARCH PROJECT 

a. 	 Introduction and Background:
 

It is now well known that the hypothalamus is the ultimate controller
 

of the secretion of adenohypophysial hormones and in particular, the gonado­

tropins. 
It is also now well established that this hypothalamic control of
 

gonadotropin secretion is exerted by specific substances, polypeptides of
 

bypotha1amic origin. 
Indeed, the nature of the luteinizing hormone releasing
 

factor (LRF) of ovine origin was elucidated as part of our efforts under
 

present contract AID/dsd 2785. 
There is physiological evidence that another
 

substance (FRF for follicle stimulating hormone releasing factor) may also be
 

involved as well as, possibly, inhibitory hypophysiotropic factors similar
 

to the growth hormone release inhibiting factor (SRIF) recently characterized
 

by our laboratory. 
 The purpose of this original contract was to develop
 

analogues antagonists of LRF as possible contraceptive agents. This had been
 

achieved earlier in 1972 with demonstration of the anti-LRF activity of LRF
 

analogues substituted or deleted in the -2 and -3 position. 
The extension
 

of the current contract will allow us to develop other analogues antagonists
 

of LRF with sufficient potency to be clinically significant. Also, we propose
 

extensive human clinical studies to assess LRF per se as an inducer of ovulation
 

in some sort of 
an improved rhythm method. The clinical background and physio­

logical studies necessary for the use of LRF antagonists as well as the testing
 

of these will also be extended.
 

b. 	Significance to A.I.D. Objectives:
 

The contractual research described here comes directly under the
 

heading "Improved Means of Fertility Control" as described in A.I.D. Guidelines
 

for Population Research Proposals. 
 Our current and projected studies on the
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use 	of LU as a means of inducing ovulation in an improved rhythm method
 

of fertility control is of obvious significance for those countries (South America,
 

Europe) with a majority of Catholics. The development of LRF antagonists
 

powerful enough to be used clinically should provide an ideal contraceptive
 

agent of exquisite specificity in its locus and mode of action, in contra­

distinction to the ubiquitous effects of the present steroid contraceptives.
 

Some 	of the research proposed in this application for extension should also lead
 

to very long acting substances which might be administered only once a month or
 

over 	an even longer period of time.
 

6. 	 SCIENTIFIC PERSONNEL AND THEIR QUALIFICATIONS
 

All the scientific personnel involved in these studies is presently
 

employed 100% of time and effort on the program proposed. The senior scientific
 

staff involved is the same as has been described in earlier correspondence with
 

A.I.D.
 

7. 	FACILITIES AND EQUIPMENT
 

This laboratory is adequately equipped to pursue the research proposed.
 

10. 	 PROTECTION OF THE INDIVIDUAL AS A RESEARCH SUBJECT
 

The Salk Institute has fully complied with the spirit and the letter of
 

this statement as evidenced by previous correspondence with A.I.D. Office of
 

Population Research. Further evidence of our current and future compliance
 

with A.I.D. Guidelines will be furnished, if requested.
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I. SUBSTANCES OTHER THAN LRF CONTROLLING SECRETION OF GONADOTROPINS. 

EXISTENCE OF AN FRF. FERTILITY CONTROL IN THE MALE. 

A. Chemistry 

We propose to continue our present characterization of hypothalamic
 

factors which control gonadotropin secretion. 
The decapeptide (luteinizing
 

hormone, LH releasing factor, LRF) pGlu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-


Gly-NH2, 
has already been isolated, identified and synthesized (Amoss
 

et al., 1971; Burgus et al., 1972; Monahan et al., 1971). The natural
 

product isolated by following its LH releasing activity has been shown
 

also to release FSH in all the assay systems studied. The synthetic
 

replicate has the same LH-FSH releasing ability. Nevertheless, the
 

possibility that a separate hormone exists that is
more specific for FSH
 

release (FRF) has not been ruled out. 
 It is possible that an FRF could
 

be masked by the releasing activity of the LRF decapeptide in crude extract
 

or that the extraction methods used so far have failed to extract the
 

hypothetical FRF. 
Using bioassay methods specifically designed for FSH
 

release (see section on bioassays), we propose to continue our search
 

for an FRF.
 

In previous studies, ion-exchange chromatography was shown to
 

separate two zones of LRF activity as followed by bioassay (see July 1972
 

report to AID); one zone corresponds to the position of LRF decapeptide
 

("LRF-A") and another, which behaves as a more acidic material, which
 

we have designated "LRF-B". 
At this writing, it has not been established
 

whether or not LRF-B, which also has FSH releasing activity in comparable
 

proportions to that found for LRF-A (decapeptide), is a separate chemical
 

entity or is a result of binding of LRF-A to another substance in the
 

milieu. Preliminary evidence from exchange studies using [3H]LRF have
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indicated that if such a binding exists, the isolation of the binding
 

substance might shed some light on the chemical nature of receptors
 

in the pituitary cell. 
 We will continue in attempts to characterize
 

"OLRF-B'; indeed, this material has already been further purified since
 

the last report and biological screening is in progress. 
Recent
 

observations have further confirmed the presence of more than one zone
 
with LRF activity in purified extracts of hypothalamus. We propose to
 
characterize the substances involved; 
one appears to be more potent than
 

the decapeptide LRF in terms of LH-releasing activity. 
The physiological
 
significance of such an observation is obvious--search in the hypothalamic
 

extract for possible native inhibitors of the secretion of gonadotropins.
 

The isolation and identification of a growth hormone-release inhibiting
 

substance (SRIF or somatostatin) H-Ala-Gly-Cys-Lys-Asn-Phe-Phe-TrpLys_
 

Thr-Phe-Thr-Ser-Cys-OH, has demonstrated the existence of at least one
 

such compound of native origin. 
A native inhibitor of the secretion
 

of LH and/or FSH may be a more powerful antagonist that the LRF-analogues
 

we have designed so far.
 

B. Methods of Procedure -
Structural chemistry of hypothalamic hormones.
 

1. Methods of Isolation
 

a) Starting materials. 
We have available extracts and side
 
fractions of 
ca. 500,000 ovine hypothalamic fragments at various
 

stages of purification. 
TRF and LRF have been removed for structural
 
determination from 80,000 of these fragments. 
A batch of fresh ovine
 

material representing 500,000 fragments is being processed as described
 

below. 
We also have available for preliminary screening experiments,
 

3000 rat and 1000 pig lyophilized hypothalami as well as the acetone­

dried powder of ca. 600 human hypothalami.
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b) Extraction and purification. As part of a program on the
 

isolation of LRF, 500,000 hypothalamic fragments have been extracted
 

with an ethanol-chloroform solvent (Burgus and Guillemin, 1970; Amoss
 

et al., 1971). The extract (1 kg) was subjected to manual countercurrent
 

distribution (5 transfers) in the system 11:5:3, 0.1% aqueous acetic acid:
 

n-butanol:pyridine. The material in the organic phase (17.2 g) was then'
 

manually distributed (5 transfers) in the system, 4:1:5 n-butanol:acetic
 

acid:water. The material in the aqueous phase (9.2 g) was applied to an
 

ion-exchange column of carboxymethyl cellulose (CMC) developed with an
 

ammonium acetate gradient. In this system, LRF decapeptide, TRF, CRF
 

and SRIF biological activities were separated, but CRF, GRF and LRF-B
 

eluted in the same area. The LRF decapeptide from CMC is being further
 

purified using partition chromatography on Sephadex G-25 in the system
 

4:1:5, n-butanol:acetic acid:water (BAW), a system which has been very
 

effective in the isolation of TRF (Burgus and Guillemin, 1970) and LRF
 

(Amoss et ai., 1971). SRIF from this CMC column has been further
 

,urified by gel filtration and then by partition chromatography in the
 

BAW system. The structure of SRIF was determined (Burgus et al., in
 

preparation) using this material, of which ca. 2 mg remain for further
 

studies.
 

Side fractions of these purification stages are available for
 

studies on FFF, LRF-B, as well as other as yet unidentified factors such
 

as pituitary hormone release inhibiting factors. If further purification
 

is required, we have available, in addition to ion-exchange and partition
 

systems, the other usual techniques such as zone or dextran supported
 

high voltage electrophoresis, conventional countercurrent distribution,
 

or (if the substance were volatile or could be derivatized) gas chroma­

tography.
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2. Characterization
 

All of the hypothalamic factors which have been characterized so
 

far have been polypeptides of < 2500 molecular weight. 
If other
 

hormones isolated are peptides, this laboratory is well equipped and
 

experienced (Burgus et al., 1970; Burgus et al., 
1972) in conventional
 

sequencing techniques. Edman degradation coupled with any of the usual
 

end-points, naimely the subtractive method or direct determination of
 

phenylthiohydantoin 
derivatives by gas chromatography-mass spectrometry
 

(Burgus et al., 1972) is practiced. In addition, we have employed a
 

sensitive method of determining Edman revealed N-termini by dansylation
 

using 14C-labelled dansyl reagent to sequence the decapeptide LRF in
 

aliquots of 15 nanomoles (Burgus et al., 
1972). We could also develop
 

the promising new technique (Callahan et al., 
1971) utilizing dipeptidyl
 

aminopeptidase for sequencing, whereby dipeptides from enzymatic cleavage
 

are identified by ion-exchange, paper or thin layer chromatography. If
 

the peptide has a pyroglutamyl N-terminus as is the case with TRF and
 

LRF, we have at 
our disposal an enzyme preparation (pyroglutamyl
 

peptidase) which selectively removes the pyroglutamic acid residue
 

(Burgus et al., 1972). 
 In the case of another blocking group such as
 

acetyl-, or a pyroglutamic acid linkage resistant to pyroglutamyl
 

peptidase, we would investigate the use of enzymes such as chymotrypsin,
 

pepsin, trypsin, to partially degrade the molecule. We also have the
 

capability of derivatizing small peptides (up to 1000 molecular weight)
 

for direct analysis by mass spectrometry (Bacon et al., 1969; Hakomori,
 

1964).
 

Since there is still a possibility that one or more of the hormones
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may 	not be a polypeptide, we are sill required to consider characterization
 

of other classes of compounds. We have equipped our laboratories for
 

extensive characterizations of not only peptides but other classes of
 

compounds, having experience with and at our direct disposal, in addition
 

to 	the usual equipment, gas chromatograph (G.C.), melting point apparatus,
 

a C.H.N. analyzer, various ultraviolet spectrometers, an infrared
 

spectrometer (Beckman IRl8a), a 100 MHz nmr spectrometer (Joelco)
 

equipped with accessories, phosphorous probe, spin decoupling, a mass
 

spectrometer (Varian Mat CH-5) equipped with direct or G. C. inlets,
 

peak 	matching, and an on-line computer (Varian 6201) for data handling.
 

In addition, we will have access to techniques within the Institute or
 

at 	nearby UCSD, for measurement of circular dichroism, 220 MHz nmr,
 

(with time averaging and Fourier transform analysis) and X-ray analysis.
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3. Physiology and assays
 

Existence of a specific hypothalamic factor controlling the release
 

of FSH (i.e., FRF) 

One of the most important questions to be answered by neuroendo­

crinologists involved in the hypothalamic control of reproduction is the
 

role of the hypothalamus in controlling FSH secretion. Early reports
 

from the laboratories of Schally and McCann claimed the separation
 

of an FRF from LRF in the first stages of purification of porcine and
 

ovine hypothalami using in vitro assays. Subsequently, Schally and his
 

collaborators have stated that the decapeptide LRF is the sole mediator
 

of FSH secretion.- In recent publications from McCann it has been shown
 

that the stimulation of various areas of the hypothalamus does result
 

in the differential release of LH and FSH. Interpretation of several
 

reports from the clinical literature indicate the possibility of the
 

existence of a separate and distinct FRF. We would propose that a
 

major effort of this laboratory over the next two years would be the
 

establishment of the existence of such a factor, its isolation and the
 

determination of its structure.
 

Previous efforts in this direction have met with little success
 

primarily because of the lack of a physiological model or test system
 

which would be very responsive in terms of the dynamics of FSH release.
 

Although the chronically ovariectomized rat injected with steroids is
 

very responsive in terms of LH release to the administration of LRF, it
 

has been difficult to obtain large fluctuations of FSH even when very
 

high doses of LRF are given. Based on the work of Steinberger and others
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which implicates a factor released during spermlogenesis that affects
 

FSH release in a negative feedback action (similar to the role of
 

testosterone upon LH release), we propose to investigate several
 

physiological models in which the entire process of spermatogenesis is
 

impaired while at the same time leaving the cells responsible for
 

testosterone secretion and hence the LH-gonadal axis should remain intact.
 

Two of the models would be the adult male rat rendered cryptorchid by
 

surgically placing the testis in the body cavity and by injections of
 

CdCl 2 which destroy the cellular elements of the seminiferous
 

tubules. Preliminary work is underway to ascertain the feasibility of
 

using such animals in the routine study of FSH secretion.
 

Over one half million sheep hypothalami have been processed in
 

this laboratory in the past two years. When the most sensitive bioassay 

technique for the determination of FSH control is obtainetd, all of
 

the side fractions of the purification of LRF will be retested using the
 

new system. This will include the testing of the initial extraction to
 

ascertain the existence of an FRF in that fraction. In addition, the
 

testing of the two residual fractions of the JN extraction process will
 

also be undertaken. Re-extraction of the residue resulting from the
 

alcohol-chloroform step will be made using both an acidic and an
 

alkaline extraction. The fat soluble components are removed during the
 

extraction of the hypothalami by the use of an ether-petroleum-ether
 

separation. This residue, which is rich in fat soluble compounds will
 

have to be re-extracted with a variety of partition systems in order to
 

assess the possibility of FRF activity residing in this fraction.
 

Preliminary work in this laboratory indicates the presence of additional
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factors controlling prolactin and appears to be indicative of the
 

presence of other biologically potent molecules, (in this residue).
 

a) FRF in females (ewes)
 

One of the difficulties encountered in the study for FSH control
 
has been due to the fact that the assay animals involved have been pri­
marily small laboratory rodents (rats, mice) with short duration ovarian
 

cycles (4-5 days). 
 We propose to study the control of release of
 
gonadotropins in sheep with their long estrus-anestrus sequences. 
To
 
this effect, extensive discussions have been conducted with Prof. J.
 
Goding, S. S. Cameron Laboratory, State Research Farm, Werribee, Victoria,
 

Australia, during a sojourn of J. Goding in the USA last 
summer and at
 
the occasion of the First International Planned Parenthood Federation
 
South-east Asia and Oceania Regional Medical and Scientific Congress in
 

Sydney, Australia, August 14-18, 1972,which was attended by one of us
 

(RG). 

Fractions of hypothalamic extracts and subsequent fractionation
 

procedures will be injected by intracarotid catheters into well "calibrated"
 

ewes during estrus and anestrus. Control studies will be in terms of
 
multiple doses of the decapeptide LRF. Comparisons of the released LH
 
and FSH assessed by specific radioimmunoassays will be the end point
 

followed here.
 

b) Studies in males--Fertility control in males
 

The majority of the research effort towards the control of
 
fertility has been directed toward the female because of the multiplicity
 

of steps in this sex necessary for the completion of the reproductive
 

process which can possibly be manipulated. The reproductive process
 

in the male has few such steps upon which any alteration can be made
 



PRIVILEGED COMMUNICATION 
15.
 

which does not lead either to permanent sterility or impairment of the
 

production of testosterone and the involvement of secondary sex
 

characteristics and normal male sexual behavior. 
One of the steps which
 

may lead to approaches in the control of male fertility is that of
 

spermlogenesis. 
Another area may be the maturation of sperm in the
 

epididymis. 
Recent reports have implicated FSH as a controlling
 

influence in the process of spermiogenesis; testosterone being a
 

requisite for the development of sperm cells from A type spermatogonia
 

through secondary spermatocytes and possibly the first several stages
 

of the development of spermatid maturation appear to require the presence
 

of FSH.
 

We would propose the use of several physiological constructs
 

utilizing male rats which would impair spermatogenesis which might
 

then allow investigations into the role of this process in controlling
 

gonadotropin secretion. 
In addition to the development of a suitable
 

assay system for FRF (see above), these models may also yield some
 

insight into the controlling mechanisms of spernmatogenesis.
 

1) It has been shown that treatment of adult male rats with
 

cadmium salts results in the complete destruction of the cellular
 

elements of the testes. 
 However, by 90 days post-treatment there is
 

enough androgen being secreted to maintain the seminal vesicles and the
 

ventral prostate. Gonadotropin and androgen levels have not been
 

reported in these animals.
 

2) Chronically cryptorchid rats are aspermic, although levels
 

of gonadotropins 
are elevated but not to the extent of chronically
 

castrated rats. 
 The role of LRF and/or FRF in restoring spermatogenesis
 

will be studied. Quantitative studies with various steroids may lead
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to hypotheses concerning the role of feedback on'LH and FSH release
 

in males.
 

3) Recent reports have shown that males exhibit high FSH levels
 
immediately postnatal and just prior to puberty which in rats would be
 
approximarely 40-55 days. 
 Studies on the dynamics of LH versus FSH
 
release and synthesis during this period would be of value in ascertaining
 
the role of the hypothalamus dt~ring puberty.
 

4) We have been able to show that female rats exposed to
 
constant light which produces constant vaginal estrus respond to LRF by
 
releasing LH but do not, even at very high doses, elicit a release of FSH.
 
To our knowledge no one has studied the effect of constant light in male
 
rats. 
 Quantitation of plasma LH, FSH and testosterone 
levels,
 
correleated with the efficacy of LRF-FRF may produce information relating
 
higher centers of the brain to the control of gonadotropin secretion.
 

5) An investigation of the relationships between the anti­
androgens and the hypothalamus would also be of interest in formulating
 
hypotheses concerning the negative feedback control in the hypothalamo­

hypophysial-gonadal 
axes.
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II. RATIONALE FOR THE DESIGN OF LRF-ANTAGONISTS.
 

A. Structural configuration of LRF and related peptides.
 

With the knowledge of a native structure of known biological
 

activity, the design of molecules as analogues of that native structure
 

to be endowed of modified biological activity more precisely as
 

antagonist of the parent compound, is most logically conducted with
 

extensive knowledge of the structure/activity relationships in the parent
 

compound. Furthermore, in any study of structure/activity relationships
 

and receptor characterization it is necessary to have a knowledge of the
 

conformation of the parent molecule and also to know in what manner
 

deviation from this occurs in analogues synthesized and studied. Because
 

of the relative simplicity of its molecule, we started this program on
 

the conformation of TRF; some restrictions are already apparent in the
 

configuration of the molecule and a model has been proposed. In a
 

coordinated effort with the Department of Chemistry at the University
 

of California at San Diego, an extensive study on the structure of
 

LRF is proposed as part of this contract.
 

It is evident that if LRF exists in a preferred conformation and
 

if this preferred conformation is the configuration seen by the receptor
 

site, then a knowledge of that preferred conformation would be of
 

significant assistance in predicting the biological activity of proposed
 

LRF analogues including antagonistic properties.
 

Our approach combines synthesis with spectroscopic characteri:ation
 

(ultraviolet, circular dichroism, nuclear magnetic resonance, x-ray
 

analysis, potentiometric titration, dipole moment measurement, etc.). Their
 

structural assignments will then tentatively be supported by conformational
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energy calculations. At this point we will enter into a little more
 

detail on the techniques to be used before we outline the preliminary
 

results obtained on TRF and LRF.
 

Three years ago Bodanszky et al.1 raised the question whether peptide
 

hormones possess a certain architecture: a preferred conformation. 
It
 

follred from the knowledge of enzymes and other proteins with highly
 

specific functions that their architecture was a prerequisite for the
 

specificity in their biological activity. In the case of hormones such a
 

requirement was far from being obvious and the concept of a hormone
 

developing a particular conformation during the process of attachment to
 

the receptor site was mentioned with the remark, however, that some
 

hormones such as oxytocin, vasopressin and vasQtocin had a more rigid
 

structure because of their natural cyclic form. 
No such limitation can be
 

assumed in single-chain peptide hormones and unless the more subtle forces
 
I 

of hydrogen bonding and side chain interactions determine their geometry,
 

hormones like corticotropin, bradikinin, angiotensin, gastrin, glucagon,
 

TRF, LRF and others could exist only as random coil. Since then much
 

progress was made in instrumentation And concepts. A quick review of
 

the techniques used and their limitations might be useful at this point.
 

X-Ray. X-ray analysis of some amino acids and derivatives including
 

histidine (Bennet et al. 2) and a derivative of proline (Karle3) have been
 

reviewed4 . A few small cyclic biological polypeptides have also been
 

investigated (Adams et al. 5 , Anderson et al.6 ) as well as a protected
 

pentapeptide (Ueki, 19717).
 

An objection can easily be raised in the case of these smaller,
 

single chain peptides: no drastic conformational change can be expected
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during crystallization of a highly complex, globular protein. 
A small,
 

single chain peptide, however, could undergo serious changes on
 

crystallization because of packing forces. 
 This is why, though indispensable,
 

any X-ray crystallographic evidence for the architecture of peptide hor­

mones will have to be treated with certain reservations (as an example:
 

King 8 studying the associated state(s) of glucagon showed by X-ray
 

studies in the crystal and optical studies in solution that it had a
 

helical character. A reinvestigation by Patel9 by means of nmr spectros­

copy at 220 MHz concluded in contradistinction to the work of Gratzer
 

and Beaven10 and Blanchard and King11 that the line broadening and shifts
 

observed at high concentration (20 mg/ml) of glucagon were assignable to
 

an aggregate state(s).
 

NMR. NMR isa powerful tool because of the large number of spectral
 

parameters it provides. Examples of the use of nmr in the study of
 

protein structure and conformation, protein binding sites (receptor-ligand
 

interaction) and the openings offered by probe experiments such as:
 

enhancement of water and ligand relaxation by paramagnetic ions specifically
 

bound to macromolecules; direct effects of macromolecules on the relaxat!.on
 

of solvent protons; relaxation changes of nuclei possessing a quadrupole
 

moment (23Na) on binding to macromolecules; selective changes in the
 

spectra of ligands forming specific complexes with macromolecules; nuclear
 

spin labelling of macromolecules especially with 19F' 
are well described
 

and summarized by Roberts1 2 , Jardetzky1 3 , Rowel4 , Peacockel5 and Goodmanl6a.
 

The discussion to come on the most recent results which have appeared in
 

the literature gives it full credit especially when coupled to the complemen­

tary spectrophotometries: ultraviolet, infrared, optical rotary dispersion
 

and circular dichroism as well as conformational energy calculations.
 

http:relaxat!.on
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On the basis of tritium exchange rates of amide protoni Printz et al.
1 7
 

proposed interesting models for Angiotensin Il while Grant et al.18 in
 

our laboratory propose in TRF a hydrogen binding in between the aN-H from
 

histidine with the 1 position of the imidazole ring on the basis of
 

potentiometric titration curves of more than 30 analogues and model com­

pounds as well as the preliminary data obtained from nmr spectroscopy.
 

Potentiometric titrations of bovine serum albumin reported by
 

Hormsen et al.19 in correlation with C. D., allowed them to follow and
 

explain the different known normal-fast transition observed in between
 

pH 3.5 and 4.5, and neutral transition in between pH 6 and 9.
 

All the spectrophotometries, by their own nature, describe a very
 

particular phenomenon that is generally related to the conformation of
 

the peptides studied: direct correlations are however dangerous and the
 

limitations of each one should be kept in mind.
 
2 

UV absorptions of the amide bonds, for example, in poly-L-lysine
 

hydrochloride were studied by Rosenbeck and Doty20 and the three confor­

mations: (pH and temp. dependent) helical, random and a conformation in
 

aqueous solutions gave very distinct spectra shown in Fig. I.
 

B000 I /.\I III 

6000 /I 
Random coil 

4000 ­

2000 Helu % 


J/
 

180 190 200 210 220 230 240 250

114nm 

Fig.', Absorption spectra in w1 --.w*region for poly.L-lysine in aqueous solution: 
° random coil, pH 6.0, 25°; helix, pH 10.8, 250; p4orm. pH 10.8, 52 (42). 
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The presence of other chromophores (aromatic side chains, for
 

example) however, could undoubtedly disturb the whole picture.
 

Circular Dichroisr,. 
 It is obvious that the examination of cyclic
 

or linear peptides that contain various amino acid residues by circular
 

dichroism is hampered by two fundamental problems. 
First, it is difficult
 

to discern the contribution of individual chromophores to the observed
 

Cotton effect. Second, it is often difficult to determine whether changes
 

in the spectral patterns from solvent to solvent are related to confor­

mational variations, specific solvation effects or a combination of both.
 

Hence, the observation of helical structures as well as helix-coil
 

conformational transitions in proteins is probably real, whereas some
 

caution must be exercized in the interpretation of C. D. spectra of short
 

chain peptides in view of the importance of end effects: (intrinsically:
 

different contributions of the end residues to the optical properties and
 

also different solvation).
 

Infrared. 
The IR frequencies and relative insensitivities of the amide
 

I and II bands of polypeptides in various conformatLons have been reported
 

by Goodman et al.1 6 b and appear in Table I. 

TABLE I'
 
The Frequencies (cm- 1) and Relative Intensities of the Amide I and II Bands
 

of Polypeptides in Various Conformations
 

Conformation Designation Amide I' Amide II 
Random coil (polyserine) - 1655 (s) 1535 (s)a-Helix W(0) 1650 (s) 1516 (w)

(poly-,-benzyl L-glutamate) (0) 1652 (i) 1546 (s)Parallel-chain p 4(0, 0) 1645 (w) 1530.(s)
(a-keratin) 4w, 0) 1630 (s) 1550 (m)

Antiparallel-chain 0 (0, 1r) 1685 (w) 1530 (s)
(polyglycine I) V(w, 0) 1632 (s) 1540b 

1668b 1550 (w) 
aRelative intcnsitics arc given in parentheses: (s) = strong; (m)= medium; 

(w) weak.
bCalculated value. 
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Once more one observes an overall effect intrinsic to the
 

spectrophotometries.
 

Conformational Energy Calculations provide a test to confirm
 

deductions obtained by other means. Various structural factors can be
 

analyzed by using different parameters in formulating the equations for
 

the minimum potential energy of the peptides. Contributions to the
 

potential functions are numerous including: (a) inherent torsional
 

potential attributable to the covalent bonding; (b) van der Waals
 

interactions between nonbonded atoms within or directly connected to
 

the chain backbone; (c) electrostatic interactions of polar groups in
 

the chain backbone; (d) interactions between the respective side chains
 

on two different amino acid units; (e) interactions between an amino acid
 

side chain and the polymer backbone. Also, the effects of angle deforma­

tion can be considered. But for an unperturbed random coil only the first
 

three factors are major contributors to the potential energy. On the
 

other hand, for helical polypeptides, additional factors, such as
 

contributions from hydrogen bonding, solvent-polymer interactions
 

(including hydrophobic interactions), and dipole-dipole interactions
 

between side chains and polymer backbone, should be included. Steric
 

factors are among the most important factors in determining polypeptide
 

conformation.
 

Results obtained so far and proposal
 

Definition of the parameters in nmr spectroscopy: The study of a
 

4rlpeptide by nmr spectroscopy is a long, time-consuming process where
 

all the parameters have to be defined if reproducible results and accurate
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data are to be obtained. Our.preliminary studies were to define these
 

parameters: 1) solvents, 2) concentrations, 3) temperature, 4) pH and
 

5) study of exchange rates and use the best systems, that is, the most
 

closely related to physiological conditions, in order to find the best
 

resolving conditions leading to unequivocal assignment of each absorption
 

to its corresponding proton.
 

1) Different solvents were used and are reported in Table II
 

with their respective advantages and inconveniences.
 

TABLE II.
 

Solvent Advantages Inconveniences 

Pyridine-d5 N-H protons can be observed, Extra peaks due to partially 

temperature can be raised. deuterated solvent mark part of 

the N-H region. 

Impossibility of varying pH. 

DMSO-d 6 N-H protons can be observed, Impossibility of varying pH. 

temperature can be raised. 

TFA-d Good solvent, N-H protons can Impossibility of varying pH or 

be observed. to heat the sample. 

D20 Good solvent; the HDO peak N-H protons are not observable 

can be shielded or deshielded due to rapid exchange. Impossibil­

by changing pH or temperature.ity to raise the temperature above 

Titrations are easy. 1200 in sealed tubes. 

H20 Exchangeable hydrogens are Big peak of H20 covers the a 

easily observed up to p11 = 8. proton region. 
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On the basis of these results we decided to work in parallel in
 

D20 and H20 using hexamethyl disiloxane (HMDS) as an internal reference.
 

2) Concentration dependance studies done in D20 did not show any.
 

obvious difference when changing from 0.15 molar to 0.015 molar (such
 

measurements require time averaging capabilities that we 
could fortunately
 

find at UCSD). 
 The studies were then conducted at a .15 molar concentration.
 

3) Spectra recorded in the different solvents above mentioned
 

looked very similar at room temperature so that it was assumed that
 

either one could be used. 
DMSO was chosen for studies up to 160*C. Our
 

pIain interest was centered about the a N-C and a-CH O-CH 2 of histidine
I I 
H H
 

=
A coupling constant JaNH-OCH 8Hz corresponding to a dihedral angle of
 

1500 a~cording to Bystrov et al. 21 was observed, as well as two coupling
 

constants JaCH-CH2 ,= 6 Hz and JaCHOCH2,, = 8 Hz corresponding to two 

dihedral angles of 30* and 1400 respectively according to Karplus et a122
 .
 

It turned out that these coupling are neither influenced by temperature 
solvents. 

0*-160 , nr by changing the pH from 1 to 8 or / This is our first evidence 

of some rigidity of the TRF molecule. The fact that the Pro-NH2 moiety 

appears to be in the trans form only is another interesting feature. 

4) pH titration in D 0 of the C2-H, C4-H of the imidazole ring as 

well as the a-CH of histidine gave an average value of 6.2 for the pKa 

of the imidazole ring; it is in agreement with potentiometric studies. 

pH titration of the different NH amide of the TRF molecule (4 of them) 

from pH 1 to 8 (pH at which NH exchange too rapidly with water to be 

observable) did not show any significant variation of their chemical shifts
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indicating that they are probably not involved in a hydrogen bonding
 

(we stay, however, very open-minded since contradictory reports have 

appeared in the literature on that subject). 

5) Preliminary data show no difference in the exchange rate which 

is very rapid,of the different exchangeable protons. Some more controlled
 

experiments have, however, to be conducted.
 

The following model compounds were synthesized so that a careful
 

study of the chemical shifts of each proton could be performed.
 

/CH 3 . /H 3
 

pGlu-N \ Ac-His-N \ 
 Ac-Pro-NH2 , pGlu-Pro-NH2 , Ac-His-Pro-NH2 .
 

H CH3
 

/CH 3
 

pGlu-His-N has not yet been synthesized. 

CH3 

We do not want to enter here into too many tedious details, but one
 

striking observation can be made: the a-NH of histidine is deshielded by
 

as much as 100 Hz and 50 1Hz 
as 
compared with the underlined hydrogen
 
CH3 CH3
 

in both compounds, pGlu-N and 
Ac-N-His-N respectively,
I \ 
H H CH3
 

indicating the possibility of a strong anisotropic effect of.the aromatic
 

imidazole moiety: This restricts considerably the number of possible
 

conformations. 
The Overhauser effect (successfully used in our labora­

tory on model compounds) not yet used in the peptide field will most
 

probably be of great help to confirm our hypotheses.
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Energy calculations are carried on at the present time in collabora­

tion with Dr. M. Goodman (UCSD) using the data aforementioned for a first
 

approximation.
 

Circular dichroism (C. D.)
 

Preliminary data were obtained on TRF and the three first model
 

compounds aforementioned. To summarize, we can say: 1) that -he C. D. 

spectrum of TRF is not the sum of those of the 3 model compounds; 2)
 

that the C. D. spectrum of TRF is highly dependent on pH giving rise to 

two definite conformations at low and high pH with a flexible form
 

around pH 6.5 (pK of histidine). These apparently contradictory data in
a 


between C. D. and nmr can best be explained by the fact that the time 

scale of nmr spe-troscopy as compared with that of C. D. is much slower
 

giving an average picture. We, therefore, want to remain very open­

minded until more data are obtained.
 

NMR of LRF
 

We have now available gram quantities of synthetic LRF as well as of
 

LRF-analogues for these studies. We are at the stage of accumulating
 

data in order to be able to assign unequivocally each proton to each
 

peak. The series of nonapeptides des-i amino acid-LRF, shorter peptides
 

from the N- and C-termini have already been run. 

Many model compounds will have to be synthesized, but we do not 

expect any problem since the synthesis of N-methyl amides as described in
 

the first part of this report seems to work adequately.
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I. 	Mechanism of action of hypothalamic releasing factors at the
 

cellular and subcellular level.
 

Our attempts to date to examine the steps in the secretion of
 

gonadotropins have been limited to uxploratory ones into the feasibility
 

of such studies. The discovery of the structure and subsequent synthesis
 

of 	a factor which inhibits the release of a pituitary hormone (i.e., SRIF)
 

and 	our desire to develop compounds which block gonadotropin secretion
 

has 	prompted us to consider the biochemical me'hanisms involved in
 

secretion and to investigate not only the site at which the compounds
 

work but also the mechanism by which the peptides either enhance or
 

block the secretion rate of a particular hormone. Using established
 

double antibody, gel electropjretic and cell fractionation techniques
 

we intend to monitor the progress of nascent hormone molecules through
 

the secretory apparatus of the pituitary cell and to ascertain how and
 

at what level the hypothalamic regulatory peptides exert their effects.
 

This will be done in classical double lab-l, pulse-chase experiments,
 

being careful to document yields and losses in all. subsequent cell
 

fractionations (1).
 

It has been possible to deduce from the kinetics of interaction
 

that the LRF antagonists already synthesized act competitively at the
 

LRF receptor (2). The site of action of SRIF has not been ascertained,
 

however, a parallel inhibiting factor in the LRF series working via a
 

receptor distinct from the defined LRF receptor (3)would be of obvious
 

practical as well as academic interest in our studies. Therefore, we
 

feel our efforts in studying the cellular mechanism by which secretion
 

rates may be enhanced or reduced will function to open avenues of work
 

in the control of secretion of the gonadotropins as yet unapproached in
 

our investigations.
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It has been well established that c-AMP acts as a secondary
 

(intracellular)messenger for several mammalian hormones, while other
 

hormones (steroid) effect their responses more directly by being
 

transferred from cytoplasm to nucleus attached to a receptor. 
This
 

established involvement of c-AMP in some hormonal systems gives rise to
 

the possibility of a role for c-AMP in the action of hypothalamic
 

releasing factors. 
The effects of such releasing factors on their
 

pituitary target cells are not easily studied, since pure population of
 

target cells must necessarily be obtained for these studies to be done.
 

In particular, the action of thyrotropin releasing factor (TRF) on the
 

thyrotrophs of the pituitary is best clarified if pure clones of
 

thyrotrophs can be isolated and maintained in tissue culture. 
Such
 

isolation and maintenance is the major thrust of this research. 
 Several
 

means of selecting for thyrotroph growth in mouse pituitaries exist; two
 

of these methods being thyroidectomy by radiation or PTU treatments.
 

Once the inhibitory influence of the thyroid is removed, the cells produ­

cing thyroid stimulating hormone (TSH) within the pituitary become
 

hyperplastic and eventually neoplastic. 
Clones of such primary tumor
 

lines would be quite suitable for c-AMP and adenyl cyclase studies, if
 

they continued to secrete elevated levels of TSH in response to incubation
 

with TRF.
 

Along these same lines, tumors of luteinizing hormone (LH)-producing
 

cells 
are being utilized in order to obtain pure populations which are
 

responsive to luteinizing hormone releasing factor, LRF. 
Studies on
 

c-AMP levels and adenyl cyclase activities during stimulated secretion
 

of LH could thus be performed. The effects of steroids, prostaglandins
 

and various drugs on the c-AMP levels 
(and adenyl cyclase activity) will
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similarly be looked for in these pituitary cells after incubation with
 

Thus this part of the project proposes to resolve the question
 

of whether or not c-AHP is acting as 
a "secondary" messenger for hypothala­

nic releasing factors within their target pituitary cells. 
 This study will
 

be carried out by cloning pure lines of target cells and checking c-AMP
 

levels and adenyl cyclase activity in them before and after stimulation
 

by releasing factors. 
 In the event that the answer to the c-AMP riddle
 

demonstrates the non-invovlement of this "ubiquitous" messenger in the
 

action of the TSH and LH-releasing factors, the study will provide cell
 

lines and systems for our future physiological studies.
 

Our in vitro techniques, and culture methods in concert with a
 

number of thyrotropin and gonadotropic pituitary tumor 
cell lines
 

which we have in culture, provide a superb system for the complete study
 

of pituitary regulatory mechanisms. 
 In particular, the interrelationship
 

with peripheral factors and hypothalamic factors is of interest. 
 In the
 

absence of in vivo stimuli, pituitary cells in culture often lose their
 

capacity to synthesize and secrete hormones. 
It is our intent to
 

study this phenomenon and, if possible, 
reverse the capacity of the
 

cells by studying both the induction and repression of synthesis and
 

secretion of the pituitary glycoproteins. We have already shown that the
 

releasing factors do stimulate prolonged but finite secretory abilities.
 

The use of cultured hormone secreting pituitary tumors in parallel
 

to normal cell cultures is anticipated as these homogeneous cell types
 

can be constantly maintained and intracellular events more simply
 

examined. In particular, the role of peripheral factors (steroids
 

and/or thyroxine) in the induction of intracellular regulatory proteins
 

can be ascertained in such tumor cells using double isotope labelling
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and co-electrophoretic acrylamide gel techniques. Assay of levels of 

induced or repressed synthesis and/or secretion of pituitary hormones
 

can be carried out by either established bio- or radioimmunoassay methods
 

as well as the previously mentioned electrophoretic systems.
 

The study of the involvement of peripheral and neural factors in
 

the regulation of both synthesis and secretion of the pituitary hormones
 

will be further clarified by attempts to examine steps in the secretory
 

processes within the pituitary cells. The system of choice for this
 

study is the pituitary tumor cell cultures, although we have been able
 

to do some experiments with normal cells. We feel that the steps in
 

assembly of glycoproteins, the stepwise addition of sugar residues, the
 

interchange of secretory membrane structures can all be examined using
 

established, tested techniques of cell fractionation and synthesis of
 

nascent proteins. This program of study on secretory mechanisms
 

requires only that we learn to stabilize the secretory process and
 

responsivity of the various pituitary cells to the peripheral and
 

neural influences. To date, no apparent attempts have been made in this
 

direction, although it is known that cells in culture do require not only
 

the influence of ligand type hormones but also macromolecular serum
 

factors to maintain the functional integrity. Our initial program will
 

be to experiment with cultures of established normal or neoplastic cell
 

lines to determine under what conditions peripheral and serum factors
 

might stabilize pituitary cell functions. Subsequent tu pituitary
 

stabilization, the project of cell secretion can be examined using
 

established techniques. Although long-term and partially dependent upon
 

improving culture conditions, we feel this study will complement and
 

benefit from the structure/activity relationships, characterization of
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pituitary receptors and study of induction and repression phenomena in
 

pituitai- cells,
 

C. Isola:ion of LRF-Receptors on Pituitary Cell Membranes
 

Efforts to obtain and use "isolated receptors" in any biological.
 

system have not been very successful to date. This is undoubtedly due
 

to the fact that the receptors are incorporated into large multi­

macromolecular structures such as cell membranes. The physiochemical
 

interrelations between the receptor molecules and the adjoining molecules
 

are essential for the characteristics of the receptor in situ. Separation
 

of the receptor and its surronding membranes will, as a rule, change the
 

shape and/or charge distribution of the receptor macromolecule compared
 

to its in situ properties. Recently, however, the liver cell membrane
 

receptor for insulin has been separated from its membrane and its
 

molecular properties preliminarily characterized. The use of an
 

ingenious and intriguing technique for the assay of the insulin binding
 

activity in an aggregated, non-soluble form may be of significant
 

importance in the success of the isolation technique.
 

We propose to use the same technology to characterize the LRF
 

receptor for cells of normal and/or neoplastic origin. Such an
 

accomplishment would allow us to further assess the role of the
 

pituitary receptors in the action of the releasing factors, as well as
 

aid us by simplifying the complicated interaction of the receptor with
 

labelled releasing factor. This simplification is necessary for the
 

complete interpretation of the physiochemical kinetic data which we have
 

at present (on the TRF receptor) and anticipate obtaining in the future
 

with respect to the LRF receptor. Our present techniques of receptor
 

assay will serve as a very adequate basis for such a project. In
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addition, the development and use of active site affinity labels a 

described below would allow us an even more convenient means of 

Isolating the LRF receptor. 
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Ill. 	 EXTENSION OF THE PRESENT SERIES OF LRF-ANAWGUES AS COMPETITIVE
 

ANTAGONISTS OF LRF.
 

A. 	New substituents in LRF.
 

A large number of LRF analogues have been synthesized in our'
 

laboratory and thoroughly tested in several biological systems. These
 

results have given us an appreciation of the structural requirements for
 

LRF 	activity and have allowed us to infer the factors (binding, intrinsic
 

activity, rate of metabolism, access to the active site, etc.) which
 

limit 	the activity of each analogue. We propose that this program be
 

extended and expanded.
 

Our 	laboratory has developed several excellent procedures for testing
 

the 	biological activities of releasing factor analogues:
 

1) An in vitro method for assaying all factors which influence
 

the rate of secretion of all anterior pituitary hormones. We have
 

reported on the functional validation of this method using primary cultures
 

of enzymatically dispersed rat anterior pituitary cells and have had
 

extensive experience with this procedure over the last year. This method
 

is proving to be our most efficient, reliable and sensitive assay for
 

releasing factors and their analogues. Using this procedure, multiple
 

treatments can be compared against each other simultaneously; it is now
 

possible to carry out truly quantitative bioassays and to test directly
 

for competitive antagonism of releasing factors. We are now using this
 

method extensively on fragments of human pituitary obtained at time of
 

surgery for hypophysectomy. The end point is the measurement of the
 

various pituitary hormones by specific radioimmunoassay for human
 

gonadotropins.
 



PRIVILEGED COMMUNICATION
 

The reaults of in vitro assays of various LRF analogues have been
 

in good agreement with in vivo assays on the same substances. Using
 

this technique, the relative binding affinity, intrinsic activity and
 

ability to antagonize the natural product of each releasing factor
 

analogue can be inferred.
 

2) An assay in the castrated estrogen/progesterone pretreated
 

rat which is used to test analogues for LH and FSH releasing activity
 

in vivo.
 

3) The relative binding affinity of each LRF analogue can be
 

determined directly by competitive binding assays which test the ability
 

of each analogue to compete with tritiated LRF for binding to the
 

hypothalamic releasing factor receptor on a variety of anterior
 

pituitary cell types. This procedure has been used to determine the
 

binding affinities of over 40 TRF analogues and there has been a good
 

correlation between the relative binding affinities determined by this
 

method and the specific biological activities estimated with the in vivo
 

and in vitro TRF assays.
 

With the aid of the methods described above, we can now determine
 

the various biological properties associated with each analogue in order
 

to gain insight of the topography of the various releasing factor
 

receptors in the pituitary gland. We have already found three classes
 

of LRF analogues, pure agonists, partial agonists and antagonists. The
 

assignment of structural analogues to those classes allows an appreciation
 

of the parts of the molecule important for binding or for intrinsic
 

activity. This appreciation will be indispensible to the designing
 

of better LRF antagonists. We have already deduced that the presence
 

of the [histidine2 ] residue in LRF is critical for the intrinsic
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activity of LRF; whereas virtually all parts of the LRF molecule must be
 

present in order to maintain full affinity for the LRF receptor. We
 

further know that the [Trp 3] residue also contributes to the efficacy
 

of the LRF molecule and, in fact, that analogues with modifications to
 

the [Trp 3 ] position are also antagonists although with lower potency
 

than the two histidine modified LRF analogues that we recently reported
 

to antagonize LRF. We are synthesizing many LRF analogues with
 

modifications at the 2 and 3 positions, trying to establish the minimum
 

changes which will compromise the efficacy of LRF hoping that high
 

binding affinities will be maintained. Another approach which we will
 

pursue is to find a means to enhance the potency of LRF and incorporate
 

those modifications into a known antagonist of LRF (i.e., des-His2-LRF)
 

in hopes of producing a more potent antagonist. The feasibility of
 

finding "super-potent" releasing factor analogues was demonstrated by our
 

observation that LeT-His2 ]TRF is 8 times more potent than TRF. If the
 

conformation of LRF as it interacts with the LRF receptor can be established
 

(see below) then analogues can be planned which would "lock" the molecule
 

into that conformation and might thereby result in a more potent LRF.
 

The importance of the conformation of LRF to its biological activity has
 

been recently emphasized by the comparative activity of [L-Ala6 ]LRF (1%)
 

and [D-Ala 6 ] (>50%). Most of the LRF analogues that have been
 

synthesized up to this time have involved substitution of one amino
 

acid in LRF by another conventional amino acid. In some cases, very
 

informative analogues with definite changes in certain functional groups
 

can be prepared. For example, [Cys 4]LRF, [Phe5 ]LRF and [Cit8 ]LRF. In
 

most situations, the alterations will be more profound such as [Met2]LRF,
 

[Phe2 ]LRF, [Ileu2 ]LRF, [Lys2 ]LRF and [Asp 2 ]LRF. We intend in the future
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to prepare analogues of LRF which do not contain naturally occurring
 

ino acids such as [F-His 2]LRF, IB-1-Methy]-3-indolyl-alanine 3]LRF,
 

[Thienyl-Ala 2]LRF, [2-thiazolealanine 2]LRF, [1,2,4-triazole-3-alanine2 ]LRF,
 

in whic:h the size and shape of the natural amino acid ca.. be maintained
 

while the electronic properties of a given region can be altored in a
 

predicted manner. The converse might also be exploited in which
 

functional groups will be maintained while size and shape will be altered.
 

It is possible that some of the analogues that are being synthesized
 

will have properties %.hich will prove of practical significacw !uch as
 

having a longer biological half-life. Analogues will be prepared that
 

we have reason to speculate might bind to plasma proteins thereby providing
 

a large inert resorve of LRF which could be in equili.brium with the free
 

LRF available to be biologically active. For example, substance such
 

as thyroxine might be incorporated into LRF and result in the binding of
 

LRF to thyroxine binding plasma proteins. We have recently discovered
 

that the TRF activity of N-formyl-Pro-His-Pro-NH2 is resistant to the
 

plasma enzyme that destroys the biological activity of TRF. In view of
 

the reports that LRF also is inactivared by plasma, modifications that
 

would render LRF resistant to plasma inactivation are of interest. A
 

plasma resistant LRF analogue might be further modified to retard its
 

loss through the kidneys (in addition to the approach mentioned above,
 

see section on analogues bound to macromolecules).
 

Thus, it appears that we have reliable means to reliably and
 

efficiently characterize the biological activities of analogues which
 

would affect the secretion of the gonadotropins. Our past experience
 

with LRF and TRF analogues has given us an appreciation of the require­

ments of various parts of those molecules for their biological activities.
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We feel confident that we already have the means and experience to find
 

=re 	potent antagoniata of LRF than the original molecules obtained so
 

far.
 

B. The Chemical Synthesis of Specific Affinity Labelling LRF Analogues.
 

Chemically, the concept of utilizing affinity labelling of the
 

receptor(s) of LRF involves the preparation of peptide analogues of this
 

hormone which have several properties: the affinity labeller must be able
 

to react with the active site so that it becomes covalently (and therefore,
 

permanently, i.e., through the biological life of the receptor) bound
 

to the site; it must not react either intramolecularly or intermolecularly
 

with itself (e.g., it must not polymerize or cyclize upon itself); it
 

must be an analogue which retains a high degree of specific biological
 

activity.
 

All 	of these problems must be faced when planning the chemical
 

synthesis of analogues of LRF. The reactive nature of the amino acid
 

residues of LRF virtually rules out the possibility of using one
 

reactive group while maintaining the remainder of the molecule intact.
 

For example, if one amino acid residue (such as tyrosine) were activated
 

to the extent that it could react to form a covalent bond at the active
 

site, then it is very probable that the same activated residue would react
 

intramolecularly with another residue in the molecule (such as histidine).
 

Therefore, it is necessary to make appropriate amino acid substitutions
 

in the peptide prior to activating the affinity labeller. Our current
 

and past work on substitution analogues of LRF indicates that modifica­

tions of the hormone are possible which will yield a material which
 

conforms 	to these requirements.
 

The first approach (currently being investigated under present
 

contract) utilizes the preparation of an analogue of LRF which contains
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the reactive bromo-acety. function. 
In this analogue, the pyroglutamyl
 

residue is replaced with a bromo-acetyl group which react as 
an
 

alkylating reagent. 
 In principle, this group should irreversibly
 

alkylate a nucleophile at the active site. 
Unfortunately, side
 

reactions involving the molecule itself are also possible (histidine and
 
tyrosine could be alkylated by this reagent, leading to cyclization or
 
polymerization). 
 Even though this side reaction is possible, we are
 

continuing our preliminary efforts in its preparation.
 

The second approach involves the preparation of LRF analogues in
 
which the tyrosine residue is replaced with a functional group which
 

can be activated as 
an affinity labeller. 
Such a compound is available
 

in the form of p-amino-phenylalanine. 
p-aminophenylalanine is reacted
 

with nitrosobenzene to form p-phenylazophenylalanine. 
The p-phenylazo
 

group will protect the p-amino function during synthesis and cleavage and
 
can be easily removed by hydrogenation. 
This will yield [-p-amino-Phe5 ILRF, 

which can be diazotized with nitrous acid to yield the corresponding
 

diazonium salt. 
 In this case, it will be necessary to make a further
 

substitution in the two-position due to the ease with which aromatic
 
diazonium salts couple with the imidazole of histidine. Fortunately, the
 

internal coupling problem can be alleviated by substitution of histidine
 
with phenylalanine or isoleucine ([Phe 2]LRF has 4% biological potency and

[Ileu 2 ]LRF has 1% potency). Thus either diazotized [Phe 2 , paminoPhe5]LRF
 

or [Ileu 2 , p-amino-Phe 5 ]LRF ought to yield an efficient and internally
 

stable affinity labeller. 

A third approach involves the preparation of LRF analogues in which 

the histidine residue has been activated as a diazonium salt. 
With this
 
substitution, it will be necessary to protect the five-position (tyrosine)
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from cross coupling with diazotized histidine. This can be accomplished
 

by substituting phenylalanine ([Phe2]LRF has > 50% potency) or alanine
 

([Ala2LRF has 2% potency) for tyrosine. The high activity of [Phe 2]- and
 

[Ala 2]LRF makes this approach seem more promising than the two approaches
 

cited above, expecially since our best inhibitors involve substitutions
 

at the 2-position. Working in collaboration with Drs. Cohen and Kirk at
 

NIH, we expect to receive sufficient quantities of 4-phenylazo-L­

histidine for incorporation into LRF in the near future. 
Conversion of
 

[4-phenylazo-histidyl 2]LRF will be accomplished by hydrogen reduction as
 

in the case of the [p-amino-Phe 5 ]LRF analogues. 
Again, diazotization
 

should yield the appropriate diazonium peptide.
 

The above synthetic approaches are based on sound chemical techniques
 

and will hopefully lead to new hormonal analogues which may be used to
 

block the active site and may provide a means for the isolation of such
 

a site. The latter could yield extensive knowledge on the physical and
 

topological properties of the receptor. 
 Certainly, such knowledge could
 

be of inestimable value in designing appropriate inhibitors of the
 

hypothalamic releasing factors.
 

Practically, such an inhibitor of LRF would have a biological life
 

of several days and possibly weeks and could thus represent or lead to a
 

powerful contraceptive agent with prolonged activity following single
 

administration.
 

C. LRF or LRF antagonists linked to large molecular weight polymers.
 

We have recently observed that a TRF analogue linked through the C­

terminal end to dextran T-2000 (mw 2,000,000) has TSH releasing activity.
 

A similar derivative of LRF or LRF antagonist might yield very long
 

acting (dextran-LRF would not be excreted) LRF or LRF antagonist. 
These
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subatances will also be useful in determining the primary site of Inter­

action of LRF as being at the plasma membrane. 1,rthermore, they will be
 

of use as antigens for immunization.
 

We have chosen dextran T-2000, which has a molecular weight of
 

approximately 2,000,000 and is essentially line--, as the first candidate
 

of large molecules for the conjugation to LRF.
 

OH BrCN 

I 

[I H2N-peptide 
0 

I P 

-0-C-NH-peptide 

~OH ~ 
pH 11 

- ~~pH 9.5 -OH 

Dextran (I),when activated with cyanogen bromide in water over a
 

period of 6 minutes at pH 11, will form an iminocarbonate (II) which
 

can conjugate with any peptide that has a free amino group to give
 

product III. Bur Ihefore we can embark on such an endeavor with LRF,
 

it is logical for us to test our experimental procedure with a relatively
 

simple tripeptide analogue of TRF to see if it is feasible to attach it
 

to dextran and to study its resulting biological activity.
 

The TRF analogue that we have in mind is pGlu-His-Pro-NH-CH2-CH2-NH2
 

since TRF itself does not possess a free amino group. This molecule is
 

an N-(O-aminoethyl)-amide of TRF. We know from our series of synthetic
 

TRF analogues that replacing one of the amide hydrogens on the carboxyl
 

end of the molecule with an ethyl or 0-hydroxyethyl group still renders
 

at least 10% biological activity to the molecule. Therefore, pGlu-His-


Pro-NH-CH2-CH2-NH2 should have some biological activity if the free amino
 

group is attached to dextran.
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hBr C6H5CH20CC'I
 
HOCH2 CH2 NH2 -- BrCHiCH2 NH2 HBr
 

(IV) 	 (V)
 
Nil 3 /CH OH
 

BrCH2CH2NHC02Bzl 
 H2NCH2CH2NHCO2Bzl
 

(VI) 	 (VII)
 

t-Boc-Pro-OH 
TFA 

t-Boc-Pro-Nl1CH2CH2NHCO2 Bz1 >
 
C1CO2CH2CH3 (VIII)
 

pGlu-His-NHNH 2 )'

HN-Pro-NHCH 2CH2NHCO 2Bz 1 


CH3 (CH2 ) 3 ONO HCI/THF
, 

a
2
P Glu-His-Pr-NHCH2 CH2 NHCO 2Bz1i 
Pd/c 

(x)
 

Dextran 
pGlu-His-Pro-NHCH2 CH2NH2 ,,) pGlu-His-Pro-NHCH2 CH-NH-Dextr an2 

CNBr, pH 11 
(XI) 	 (XII) 

The scheme that we propose to synthesize this TRF conjugate as a 

model for studies with LRF, is to react aminoethanol (IV) with concen­

trated hydrobromic acid, yielding 0-bromoethylamine hydrobromide (V). 

The amino moiety of V is then protected with a carbobenzoxy group to
 

give VI and the 	bromine is replaced by a primary amino grouping with
 

methanol saturated with ammonia. The resulting $-carbobenzoxyaminoethyl­

ama;e (VII) is coupled to t-BOC-proline through a mixed anhydride method 

using ethyl chloroformate to yield VIII. After deprotection of the 

BOC-group with trifluoroacetic acid, IX is combined with pGlu-His-NHHH
2
 

through the azide method to give X. Hydrogenation of X with palladium 

on charcoal would yield XI which can then be coupled to the activated 

dextran to form 	 the conjugate XII for biological studies. 
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If this experimental procedure is successful in conjugating a TI
 

analogue to dextran, we plan to extend this process to the LIP peptides.
 

Luteinizing hormone releasing factor itself does not bond to activated
 

dextran even though it possesses a free amino group on the arginine
 

residue. This is because the guanidino grouping is very basie (pK 12.48)
a 


and hence,it is completely protonated in the medium (pH 9.5) in which
 

the coupling to dextran is performed. As a result, we have to synthesize
 

some LRF analogues that possess a free amino group besides the guanidino
 

grouping.
 

The logical position to attach this free amino group is at the
 

carboxyl end of the LRF molecule because we have found that the pyro­

glutamic acid terminus is required for biological activity whereas
 

deleting the glycine residue at the other terminus still renders 10%
 

biological activity to the molecule.
 

As a logical extension of the dextran coupling work done on the
 

TRF analogues, we can couple HN-Pro-NHCH 2CH2NHCO2Bzl to the octapeptide,
 

pGlu-His(im-Bzl)-Trp-Ser(O-Bzl)-Tyr(O-Bzl)-Gly-Leu-Arg(NO 2)-NHNH2, via
 

the azide method to give pGlu-His(im-Bzl)-Trp-Ser(O-Bzl)-Tyr(O-Bzl)-Gly-


Leu-Arg(N0 2)-Pro-NHCH2CHP HCO2Bzl. Hydrogenation of the product with
 

palladium will give pGlu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-NHCH2CH2NH2
 

which can then be attached to activated dextran. Synthesis of the
 

protected octapeptide can be accomplished by the usual solid-phase
 

methodology. When the synthesis is completed, the protected peptide
 

is cleaved from the resin by hydrazine in dimethylformamide thus yielding
 

the desired hydrazide. Alternatively, the protected octapeptide can
 

be cleaved as the free acid, pGlu-His(im-Bzl)-Trp-Ser(O-Bzl)-Tyr(O-Bzl)­

Gly-Leu-Arg(NO2)-OH, with base in dioxane which can then be coupled to
 



PRIVILEGED COMMUNICATION 45 

N9-Pro-NHCH2CH2NHCO2Bzl via cyclohexyl carbodiimide and 1-hydrocy­

benzotriazote to give the same protected LRF analogue.
 

Another interesting LRF peptide that can be bonded to dextran is 

pGlu-His-Trp-Ser-Tyr-Gly-Leu-Arg-Pro-Gly-NHCH2CH2NH2. This compound 

contains the same sequence of amino acids as LRF and can be synthesized 

in the following manner. Starting with the chloromethyl resin, a series 

of protected amino acids corresponding to the sequence of LRF is coupled 

to the polymer. After the coupling is finished, the protected peptide 

pGlu-His(O-Bzl)-Trp-Ser(r'-Bzl)-Tyr(O-Bzl)-Gly-Leu-Arg(NO 2)-Pro-Gly-resin, 

can be cleaved with hydrazine and the resulting product joined to 

H2NCH 2CH2-NHCO2-Bzl by the azide method. Hydrogenation of the product
 

will give the desired compound for coupling to dextran. On the other
 

hand, the protected peptide can be cleaved from the resin as the free
 

acid which in turn can be coupled to H2NCH2CH2NHCO 2Bzl by the mixed
 

anhydride method. Hydrogenation of the resulting compound will give
 

the same product for bonding to dextran.
 

The practical significance of an LRF-dextran *complexwould be
 

considerable, allowing as it would, prolonged biological activity of LRF
 

for several days. The same reasoning and interest apply to the possible
 

LRF antagonist-dextran complex, yielding an LRF antagonist with antago­

nistic biological activity lasting for several days.
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CLINICAL STUDIES 

The initial phase of investigations of synthetic LRF in normal human
 

subjects was started in January 1972 under the direction of Dr. S.S.C. Yen,
 

Professor and Chairman, Department of Obstetrics and Gynecology, University,
 

of California, San Diego, School of Medicine. 
 To date, approximately 400
 

separate investigations have been performed with normal subjects, who indeed
 

represent the population which should eventually be administered LRF or LRF­

antagonists. Data obtained concerning the dose-response relationship,
 

variability, reproductibility and characteristics of pituitary gonadotropin
 

responsiveness under a variety of physiological situations (in both male and
 

female subjects) have provided the essential framework in the formulation of
 

future studies and the contemplated clinical application of LRF-analogues
 

as antagonists. We are now prepared to extend this program to a Phase II
 

investigation. Concentrated efforts will be directed to the following projects:
 

Physiological and Pharmacological Studies on the Effects of Synthetic
 

LRF in the Normal Menstrual Cycle.
 

1) Quantitation of LRF in biologic fluids. 
The development of a
 

sensitive radioimmunoassay for LRF has been initiated and a satisfactory
 

dynamic study of the assay system has recently been accomplished. Application
 

of this assay method in the assessment of metabolish, biologic half-life,
 

distribution and secretory pattern of endogenous LRF as well as the disposition
 

of exogenous LRF would constitute a critical step in the interpretation of
 

clinical data.
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2) The effects of LRF-induced acute gonadotropin release uimicking the 

midcycle surge observed in the ovulatory cycle surge will be studied during 

different phases of the cycle. The pituitary responsiveness (circulating 

gonadotropin pattern) and the ovarian responsiveness (circulating ovarian steroid 

pattern) will be monitored during the experimental as well as subsequent spontan­

eous cycles. The dose and route of LRF administration as related to the quanti­

tative and qualitative response in gonadotropin and gonadal steroids will be 

assessed. 

3) When the maximal sensitivity of pituitary gonadotropin and ovarian
 

responsiveness during the mesntrual cycle are defined, immediate application in
 

the investigation of appropriately "timed ovulation" will be made with the
 

aim to improve the reliability of the rhythm method of contraception.
 

Clinical Studies of LRF-Antagonists as Anti-Fertility Aspects.
 

Subjects with previous surgical sterilization and normal women with docu­

mented ovulatory cycles will be selected for this study. The effect(s) of single
 

and repeated administration of LRF-analogues during different phases of the
 

cycle will be assessed. The duration of action and its reversibility of different
 

types of LRF analogues (short acting and long acting) will be extensively explored.
 

These physiological and pharmacological events will be monitored by daily gonado­

tropin and gonadal steroid determinations. Assessment will be made concerning
 

the immediate and long term effect(s) of LRF-analogues on pituitary and ovarian
 

functions with the aim to develop a new and effective form of anti-fertility agent.
 

In a second phase of this proposal, true Phase II studies are contemplated
 

with the most powerful of the LRF-analogues antagonists that will have been
 

developed in the laboratory. These Phase II studies will be undertaken on a
 

large-scale (through our Obstetrics and Gynecology outpatient and open clinic)
 

after the studies described above have been statisfactorily completed.
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S. 	 TBU SALK INSTITUTE 

A.I.D. CONTRACT RENEWAL
 

PROPOSED BUDGET 
for PERIOD June 1, 1973 - May 31, 1975. 

June 1/73- June 1/74 -

May 31/74 May 31/75 TOTAL 

* 	Salaries: 
Professional (12) $171,260 $180,665 $351,925 
Non-Professional (17) 136,600 144,105 280,705 

* Fringe Benefits: 3/ 

Professional 37,920 47,944 85,864
 
Non-Professional 21,462 22,655 44,117
 

Travel 	& Transportation 5,000 5,000 10,000
 

Subsistence Allowance - per diem 	 2,500 2,500 5,000
 

Equipment 	 10,000 10,000 20,000
 

Materiale & Supplies:
 
Expendables: (animals, chemicals,
 
radioisotopes, gases,
 
radioactivity counting dis­
posables, glassware,)
 
Central Services: (glassware
 
washing, animal care, photo lab,
 
lab support shop, biochemical lab).
 
(calculated at ca. $15,000/mo) 180,000 180,000 360,000
 

.Computer terminal & hardware 	 12,000 12,000 24,000
 

Other Direct Costs:
 
Maintenance contracts on equipment
 

(presently in lab and new) 9,250 9,250 18,500
 
Publications & Communications 5,000 5,000 10,000
 

Consultants (@ $100/day) 	 2,000 2.000 4.000
 

592,992 621,119 1,214,111
 

Clinical Studies (as a subcontract to UCSD,
 
Dept. Obst. & Gyn. - see attachment) 420,330
 

T("AL DIRECT COSTS $ 19634,441
 
Overhead to be negotiated in keeping with current
 
Institute contracts with federal agencies.
 

(October 25, 1972)
 

* See 	attached for breakdown. 
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THE SALK INt4TI1TE
 

PROPOSED BUDGET FOR CLINICAL PROGRAM
 

for Period June 1, 1973 
- May 31, 1975 

lot Year 2nd Year 
 TOTAL
 

Salaries:
 
Registered Nurses:
 
(Susan Donley, R.N. and 
 8,000 8,440 
 16,440
1 to be named) 
 8,000 
 8,440 16,440
 
Research Associate, Ph.D.
 
(to bL named) 
 18,000 18,990 
 36,990
 
Laboratory Technicians:
 
(Nancy Czekala (B.S.) 11,000 
 11,605 22,605
(to be named) 
 9,000 
 9,495 18,495
 
Principal Director (20% time)

S.S.C. Yen, M.D. 
 24,000 25,320 49,320
 

Fringe Benefits: 
 11,700 12,340 
 24,040
 

Travel & Publication Costs 
 5,000 
 5,000 10,000
 

Equipment:
 
Mark II Beta Counter (Nuclear-


Chicago) 20,000
 
Centrifuge 
 4,000

Gamma Counter 
 l,000

Micromedic 
 15,000 
 56,000
 

Consumable Supplies: 
 60,000 
 60,000 120,000
 

Research Subjects and
 
Patient Costs 
 25,000 25,000 50,000
 

TOTAL DIRECT COSTS $ 235,700 $ 184,630 $420,330
 

Overhead to be negotiated in keeping with current Institute contracts with
 
federal agencies.
 

(October 25, 1972)
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CLINICAL PROGRAk! - Budget Justification:
 

Due to the anticipated increase in clinical and laboratory activities,
 
additional personnel and equipment are needed.
 

We have in our laboratory one Gamma and one Beta counter and they are
 
fully occupied for the present working lord. 
 It is anticipated that the
 
clinical investigation will be doubled, therefore, additional counters,
 
(one of each) is required.
 

Since the hospita] 
is located in San Diego and our research laboratory

is located at the La Jolla campus, a centrifuge should be provided at the
 
hospital where all the samples are being collected. (We do not have one
 
there at the present time). Separation of serum from blood shortly after
 
the experiment would be highly desirable.
 

Two Registered Nurses will be needed for obtaining blood samples. 
All
 
our studies of this nature are sampled at 5 to 
15 minute intervals in order
 
to define the dynamics of response to LRF and LRF analogues. In the past,

Research Fellows have been completely occupied by these procedures. With
 
two Registered Nurses we could free up the M.D. for analysis of data.
 

A person at the Research Associate level with a Ph.D. degree in steroid
 
chemistry will be needed for running and supervising the portion of radio­
immunoassay of gonadal steroids. 
 We have one such individual (Dr. Siler)
 
now in charge of the Radioimmunoassay Laboratory for protein hormones.
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A..D. Contract Renmm l THE SALK INSTITUTE (page 1 of 2)
 

So. AID/cad 2785

Dr. Roger Guillemin PROPOSED PERSONNEL BUDGET 

June 1, 1973 - May 31, 1974 June 1, 1974 - May 31, 

Present Proposed Man Proposed Man
Annual Annual Months Salary 2Annual Months Salar 
Rate Rate Expense Benefits Rate 3_ Expense Benefits 

*Biochemiat 
Roger Burgus, Ph.D.Senior Research Assoc. 34,000 25,300 12 25.300 
 6,325 26,690 22 26,690 6,672
 

*Biochemist
 

Michael Monahan, Ph.D.Research Associate 13,650 14,400 12 14,400 
 3,600 15,190 12 15,190 3,800
 

*Physiologist
 
Wylie Vale, Ph.D.

Senior Research Assoc. 18,000 19,000 12 
 19.000 4,750 20,045 
 12 20,045 5,011
 

*Physiologist
 
Max Amoss, Ph.D.

Research Associate 17,000 17,950 
 12 17,950 4,660 18,930 12 
 18,930 4,730
 

*Molecular Biologist
 
Geoffrey Grant, Ph.D.

Research Associate 13,800 14,560 12 14,560 
 3,640 15.360 12 15,360 3,840
 

*Mass Spectrocopist
 
Nicholas Ling, Ph.D.
Research Associate 13,650 14,400 12 
 14,400 3.600 15,190 12 15,190 3.800
 
YMR Spectrocopist
 
Jean Rivier, Ph.D.

Research Associate 13,650 14,400 
 12 14,400 3,600 
 15,190 12 15,190. 3,800
 
*Programmer
 
Ann Pltzer 13,500 14,250 12 14,250 
 2,140 15,035 12 15,035 8,269

3 Postdoctoral Fellows 
 1/ 10,000 36 30,000 
 5,500 10,550 36 31,650 7,912
 
Postdoctoral Fellow
 
Catherine Rivier, Ph.D. 6,600 7-000 
 12 7000 105 7.385 12 7,385 110
 

TOTAL (Professional) 
 171,260 37,920 
 180,665 47,944

15 Technicians, etc. 
 8,000 180 120,000 18,000 8,440 
 180 126,600 19,000
*1 Admin. Assist. 9,250 9,750 
 12 9,750 2,437 10,280 12 10,280 2,570
1 Secretary 6,300 6,850 12 6,850 1,025 
 7,225 12 7,225 
 1,085

TOTAL (Non-profeasional) 
 204 136,600 21,462 
 204 144,105 22,655
 
GRAND TOTAL 
 $307,860 $59,382 
 $324,770 $70,599
 

(Clplanation of footnotes on next page) 
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THE SALK INSTITUTE (page 	2 of 2)
 

PROPOSED PERSONNEL BUDGET 

FOOTNOTES TO PAGE 1 

1/ The Salk Institute now recruiting candidates. 

2/ Fringe benefits included in these costs are: 

(a) 	Social Security - Rate as provided by law, currently 5.85 percent up to $10,800.
 

(b) 	Group Health Insurance -
Current cost is $16.50 monthly for single coverage and
 
$52.05 menthly including dependent coverage. 
Full cost is paid by the Institute.
 

(c) 	 Group Life Insurance - The Institute furnishes group life insurance equal to three times
annual salary. 
The current premium, borne entirely by the Institute, is $.55 per thousand
 
dollars of coverage per month.
 

(d) 	Disability TIAA Insurance 
-
For persons covered in the Institute Retirement Program, the
Institute provides a total disability insurance through TIAA after one year's employment.

The current premium is $5.83 per month per covered employee.
 

(e) 	TIAA/CREF Retirement -
The cost of the annuity provided through TIAA/CREF for eligible
employees is 15 percent of gross salary. 
The entire cost is born by the Institute except for
certain employees who contribute 50 percent of this cost. Positions for which the Institute
 pays full retirement costs are indicated with an asterisk. (*)
 

(f) 	 Unemployment Insurance - Premium paid entirely by the Institute at the rate of 3.9 percent
on base of first $4,200 earned per person.
 

/ Salary increases have been computed at 5.5 percent per year in accordance with present

governmental directives.
 




