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A. STRODUCTLON

This Progress Report and its Sumnary describe our two main lines of
research, often discrete in appearance, but both dirccted at the solution
of the single purposc of this contract.

1. Work directly related to the isolation and molecular characterization
of the hypothalamic hormone LRF as well as related to its mode of action at
the pituitary level to stimulate release of ovulation hormone (LH),

2. Lxperiments using hypothalamic peptides of native or synthetic
origin, other than LRF but vhich wec have reasons to believe to be closely
enovgh related to LRF so that any information obtained with them will later
on be of significance regarding structurc--biological activity relationships,
as well as mode of action of the hypothalamic hormone LRF, and dirccted to

@Y B S .

the aevisiag ol syuithelic antagonisis orn LRF and theivr specific mode oI action,
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1. The isolation of the hypotualamic LRF component present in the
side-fractions from the (terminated) iselation program of TRY has heen
completed. This has yielded ca 125 wicreprams dry weight material. This
preparation of LR is active in vivo to stimulate release of endogenous LH
at £ 1 ng/ml incubation fluid. This is by far the most potent preparation
of LRF ever obtained ac~ording to our own records and when comparced to what is
published in the litecrature.

2. Romogeneity of this prepavation has been cvetermined: The dry weight
material obtained appears to consist of no less than 50-757 amino acids, the
balance boling most probably inert carbohydrates from the last purification
step. There appears to be also a minor contaminant of the order of 1-5% in
the form of some substance (free amino acid or small peptide) detectable by
the dansyl reaction., The bulk of the LRY materia™ 5 ninhydrin negative,
Pauly positive and shows no free N-terminal by the da .syl reaction.

The amino acid composition of a 6N UCI hydrolvsate of the peptide so
isolated has been established to be as follows: His 1, Arg 1, Ser 1, Glu 1,
Pro 1, Gly 2, Leu 1, Tyr 1, the NH3 peak‘suggesting.thc presence of an amide
(C-terminal?).

3. Structure of hypothalamic LRF: We have established that the N-terminal
residue of hypothalamic LRF is 2-pyrrclidonce-5-carboxylyl-(PCA). This has
been arrived at by assessing the disappearance of biolojical activity of
highly purified LRF following treatment with the highly specific pyrrolidone-
carboxylic acid-peptidase prepared in collaboration with Fellows and Mudge;
furthermore,microgran quantitics of highly purified LRF have shown, by nass
spectronetry using a cheinical ionization probe in collaboration with Fales,

fragments with m/e=84 and 129 characteristics of I'CA. Moreover, treatment of
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dansylation. Sequencing of LRF by the micro-Edman wethod is in propress.

4, Total synthcesis of a scries of peptide fragments containing 3,4,6
amnino acids as well as 2 complete nonapeptides centaining various combinations
of all the amino acid residues found in LRF, have been performed and completed.
All materials have been isolated in pure form and arvce precently used for
biological and pliysical-chemical studies aimed at eclucidating the molecular
structure of LRF.

5. Iiolegical studics in vivo and in vitro have boen conducted eon
the highly purificd LRF presently available. Recent ascaye indicate that
in all circumstarces studied so far, highly purified LRF stimulates concomitantly
scceretion ot LM and FSH with the possibility still dinvestigated that the
threshold resgponse for the releasc of FSH be somevhat hipher than for the
reldease of LI (Lthus raising the questions of the validity of earlier
claims by others of a scparate FRY, discrote from LRF). In vitro studies
indicate that progesiaticenal steroids, as well as ecstradiol in large doses,
will inhibit in part the release of LH and ©SH stimulated in vitro by
addition of highly purified LRF. The possibility of differential inhibition
of IF'SH vs. LH secretion by one or a combination of the steroids is still
being investigated.

6. Twenty synthetic polypeptides related to the structure of TRF (see
Progress Report for their molecular structures) have been obtained and
studied for their biological activity as well as antagonistic propertices to
TRF. Most of these analogues have been directed at modification of the C-
terminal residue, only ? being directed at the medial His residue, only 3 at

the PCA t-terminal residue. All these studies indicate that C-terminal
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modificd sralogs of TRF do not act as antagounists to TRF, whercas some
indications have been obtained for the other tyvpes of analegs. Our current
hypothesis is thus tnat probably antagonists to LRY would most likely be
obtained in an K-t.rminal analoeg of that polypeptide. expecially in view of
the fact that we have established that both LK and IRF have a PCA-N-terminal
residue.

7. In view of determining the best possible antagonist for LRF at
the level of its target organ, i.e. the adenohypophysis, a scries of studies
has been undertaken weing TRF as a model regarding its mode of action on the
secretion of the glycoprotein TSH which is known to be closcly related in
structure o the glycoprotein LH. A prostaglandin-rcceptor for the mode
of action of TRI' «¢ well as for LRY has been demonstvated using particularly
Lite Ligidy polvne 7=oaa=10=prosctgnuic acid antagonist,  Studics are currently
undervay aleng those lines to investigate the mode of action of TRF on the
secretion and release of the various pools of TSH which have been demonstrated
in pituitovy cell..

8. The mass spectrometer (Varian Mat-CHS) and its computer readouts are
now wvorkiung rcutinely and are uscd constantly in our program (see Progress
Report for limitations still present due to incomplcte delivery of software
by manufacturcr). RKNew techniques of derivatizaticns of peptides and amino
acids, particularly devoted towards a microminiaturization of the methods used
for volatilization of arginine are being worked cut. A computer program for
automatic peptide sequencing based on low resolution data is in the process
of being developzad.

9. The NMR spectrometer has been in full routine use for the last
scveral months. It is constantly used for the confirmation of molecular

structure of the various synthetic molecules prepared in the laboratory
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warv, it would appear that cur program is working pretty much
according to cur carlic: projection as described to the Resecarch Division

of A1l My major concern pertaius to the exceedingly small gquantities of

pure TRY that have been obtained f1om the large isolatior, program for TRF,

As this progress report is written, T have tlus decided that we will immedinty]y
put in cffect the alternate emergency proposal which had been specified in aurv
origineal application te AID, i.e. I cw divecting two investipators and two
technicians to activate the necessary equipnent and start the further ex-
tractico of approximately cne-hall{ million shevp hypotlalamdic fragments
(availeble ags lvophidsized fragaents) and conduct the necessary steps for

-

the isolation for the LRF cemponcats of this new source of stavting material.
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1. 1t iz asnvicigered toat the full structuve of s LRF active polypeptide
will have been eobtained including its replication by total synthesis. This
LR¥F-active polypeptide will have been obtaired from the clucidation of the
complete amino acid scquence of native LRTF as available presently in the
laboratory. Altcrnatively, it will have been obtained as onc of several
possilble cordbinations cobtained by total synthecic ef a swall number of
pessible  combinations of sequences written with the knovledge of:  a) the
complete amino acid composition of rative LNF; and b)Y knowlcdge of a partial
sequence of native LRY from the N-terminal residue combined with knowledge
of the C-terminal residue. This last alternative must be envisioned if, for
one of the wany possible rcasons, multiple cycling of the Edman degradation
method did rot yield the complete sequencing of native LRF in view of the

1

exceedingly small quantities of native material available (60-70 nanomoles).
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1 fcel confident that we have all the technical knnw]odgc—fshproduce in a
record time all the peptides nccessary to complete this program assuming that
the Edman degradation technique has given us at least 4 residues from the H-
terminus plus availubility of the nature of the C-terminal residue.

2. The studics described here in their extension should lead to
specific leads regarding structural modifications for synthetic analegs that
wvould act as antagonists of TR, to be extrapolated to antagonistic structures
to LRF.

3. Further insight into the mode of action of TRF, hence of LRV, should
be available at the subceellular level (of the adenohypophysial tissue)
regarding the prostaglandin receptor, regarding the mode of action of
stevolds 2s part of our over:ll knowledge nccessary for the development of

n - . vy 4
REF antagonicte,
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1 Purification of LRF,

The staiting material was the concentrate of LRT obtained from the side
fractions of the isolition program ol TRY¥ (300,C00 sheep hypothalamic fragmeat:
sec our criginal aprnlication to AID). Partition chrowmatography in the butanol:
acetic acid:water system (4:1:5) using Sephadex G-25 was carried out on 2.029 mg
LRF concentrate (7243 LRF Units). Because of the extreme imporcance of this
partition chrematography, involving all of cur supply of purified LRF, it was
conuucted on a special microcolumn (250 x 2mm) of G-.5 superfine equilibrated
successively with the 2 solvent phases so that the matrix leach should be less
than 5 pg'hold up voluma. It toox 5 weeks to obtain one acceptable such column.
Te improve our nmethod of detection of LRI without losing any material, a small

amount of I]25

-labelled LRE obtaiaed carlier (sece application to AID) had been
added to the starting matevial for easy locafion by v-counting.

Two distinct peaks of radioactivity were obscrved, however only one peak
contained biological LRF activity (tubes 22 to 29). Amino acid analysis on
tube 25 next to peak of biological activity (70 ug total weight) yielded, after
6 N UC1 hydrolysis, the amino acid composition His 1, Arg 1, Ser 1, Glu 1, Pro 1,
Gly 2, Leu 1, Tyr 1, with enough ammonia to account for an amide (C-terminal?).
Approximately 50% of the material is peptide and of the amino acids detected,
94% are the amino acids listed above. Enzyme studies were performed on the
remaining waterial except for 1.7 g which is being used in in_vitro experiments
at present. Tube 24 had 61 ng of material and tube 23 had 35 ug. This will be
used in sequence studies. The material so obtained is ninhydrin negative (blocked

N-terminus), Pauly positive (presence of His and/or Tyr), can be labelled with

125 . . . -
112 (presence of Tyr), and behaves as a single spot in a series of TLC systems.
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It is biologically active in vivo at < 5 ng/animal, ig;gigzg“ntbf 1”63761:
Presently, the material is kept as a frozen solution in a sealed micvo-tube,
All our efforts at the moment are devoted to absolutely ascertain that every
single step of the methodology contemplated to establish the amino acid rcequence
of this LRF is wvorking satisf{actorily before the unique supply of LRF is actually
entered in these exneriments. To this end, we have already conducted several
times complete sequencing of the norapeptides Lys-8~, or Arg-8-vasopressin
(Cys-Tyr-Pho-Cln-Asn—Cyc-Pro-Arg—Cly~NH2), oxytocin {Cys-Tyr-Ileu-Gln-Asn-Cys-

Pro-Leu-Gly-til,), Bradyvkinin (Arg-Pro-I'ro-Gly-TPhe-Ser-Pro-Then-Arg), as well as

9
the synthetic decapeptide Gly-Bradvkinin., All these experiments have been con-
ducted by using che Edman degradation method on less than 50-70 nanowmoles of

the peptides. These series of experiments has shown us that when working on these
nmanegram quantities of peptide, much of the present mcthddo]ogy as described in

the literature has to be considerably modified and the utmost care must be taken

to avoid contamination and/or oxidation at any level cf the sequencing technique.
As this progress report is being written, we have. just started using the sequencing
technique on nanomole quantities of 2 different nonapeptides containing all the
amino acid rcesidues found in native LRF and which have been synthesized in our

laboratory. Only after the complete sequencing of these two model nonapeptides

have been satisfactorily completed will we consider touching the uniquc supply

of native LRF. A tetrapeptice and a pentapeptide containing the amino acid
present in the 6 N HC1 hydrolysate of LRF have also been synthesized, as well
as two tetrapcptides PCA-Nis-Tyr-Pro-NH, and PCA-Tyr-His-Pro-Ni, which have also
been prepared. All these substances will be used as model compounds for the
various methodology aimed at clucidating the structure of LRF.

If the complete sequence of the nouapeptide LRF is not obtained by the

successive Ediwan degradation in view of the minute quantitics of material with
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vhich "we cycles will have to be performed, we arve considering synthesizing a
the -~ ssible combinations aof peptides corresponding to the amino acid content
o} LRF as long as we will have established the sequence of at least 4-5 residucs
from and including the N-terminus and have established the identity of the
C-terminus. We are well cquipped to handle this large and expuansive proposition
with our current program of solid phase peptide synthesis,

Also, as this progress report is being written, we havé started again the
complete extraction procedure of approximately 1/2 million sheep hypothalamus
(available from previous support by NIH AM 8290-01-06), a contingency plan which
had been cicarly outlin~d in our original application to AID. This will be
carried out to the complete isolaticn of the LRF component present in the
hypothalamic extracts. Two investigators and two technicians will work on this
aspect of our program practically full time. All bioassays for LRF will be by
N S O - o
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L
for LH and ¥SH in peripheral plasma; all statistical evaluation will include a

complete analysis of covariance (hormone concentrations after injection of LRF,

over hormone concontration prior to injection of LRF).
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ITI. Differentiation betyeen TRF and FRE.

A, LRF on sccretion of LU and FSH: i
Our most highly purified preparations of LRI (isolated and assesscd
by their LH-releasing activity) appear to stimulate concomitant secretion of
FSH and TH. It may take moneLRF to achieve a significant FSH response than it
does an LH respongse. Both 18 %ir incubaticns and the use of fetal calf serum
appear to be necessary for maximum responsc both to the LRI and to any steroids that
may be added (see below). These surprising results observed with what would
appear to be the most purified LRI cver ebtained,raises, of course,.the question
of the significance of the many claims {McCann, Dhariwal, Schally, Martini, Jutisz)
to the existence of an FRF distinct from LRI,

B. Effects of steroids on activity of LRF:

In several experiments, the effects of several gonadal steroids have
been studied on the response to LRF. Those steroids tested were testosterone
propionate (aqucous suspension), estradiol-17B, estriol, pregnenolone-50,, and
the progestagen and estradiol in combination. So far, the steroids had the same
inhibitory effect on LIl and FSIl release at the large doses tested. The magnitude
of the response may vary but the direction of the response was the same. In one
experiment, however, with 4 hr preincubation, 125 !g T.P., 100 Ug Preg—SOA, and
50 ug E2 lowered LH levels to less than controls whereas FSH levels were higher.

As little as 10 Hg of testosterone propionate (lowest dose tested) and 50 Ug
estradiol-17B (lowest dose tested) were able to significantly decrease the response
of the anterinor pituitary to LRF. The response to pregncno]one-soa has been variable
and on onc occasion, reduced the LRF response with a dose of 10 uig. No synergistic
effect was seen in combination with Rz (50 4g of ecach), however, the Ly was very
potent alonc and the pregncnolono-SOa had no effect.

C. Dosc/response to LRF:

Yotency rntios (sceretion of LH) to doses of 2.0, 5.0, 10.0 and 20.0 ng/ml

were 1.3, 2.0, 2.5 and 2.4 times that of controls respectively in an assay with
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a preincubation time of only 4 hr. Responses in terms of sccrétion of FSH in
the same experiment and in the same fluids were 1.2, 1.7, 1.5 and 1.5 that of
control, respectively. In an experiment utilizing an 18 hr preincubation and
doses of 1.0, 2.5, 5.0 and 10.0 ng LRF/ml, the LI responses using adenohypophysis
from 30 day old female rats were 2.4, 4.6, 6.1 and 45.7 times that of controls.
The potency ratics for FSI secretionwere 0.9, 1.9, 2.4, and 11.0. Adenohypo-
physes frem 120 g male rats gave LH potency ratios of 2.5, 2.9, 3.3, and 4.8;
for FSH, 1.5, 1.5, 2.9, and 4.2,

Experiments are planned to check out the respouses in immature male rats.
The LU/FSH responses in adenohypophyses from female rats in various stages of
the cycle will be tested in the next few weeks.

These studics are jwmportant to our overall program and contract goal, inasmuch
as they seem to indicate an even more important role of LRI in the overall control
of the seccretion of all pituitary gonadotropins than had actually be suspected.

D. Simultancous LI-¥5H radiojuwmunoassays:

Attempts have been made to develop an RIA which would quantitate LI

and FSH at the same time using the same sample. A solid phase LH assay using 1131

LH as a trace coupled with a double antibedy Ile-FSH assay, has been tried.
Problems of buffers, and pH have been worked on but cross-reaction of the FSH-Ab
with LH has hampercd work to date. Work is still continued on this project of
methodology.

E. Plasma inactivation of LRF:

This project is a continuation of one started at Baylor. Due to over-
lapping confidence limits, it has been impossible to draw valid conclusions.
However, it appears as if the plasma of female rats has a greater effect on LRF
than the plasma of male rats. The lack of LRF available for physiological studies

has hampered this project which will be rencwed as soon as a synthetic LRF

becomes available.
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F. Effect of LKF on prolactin secretion® :
1. Norwal rat pituitary cells maintained in culture sccrete high

amounts of LTH. We have found no effect of LRF on the sccretion of LTH from
these cultures. This system might be used in vitre assay for purified PIF
when it is available.

2. Anterior pituitary cells cultured for 30 days were transplanted
into a pneumodermal pouch of hypox rats. High levels of LTH were subscquently
detected in the plasma of the recipient rats. This technique might be used as

an in vivo PIF assay.
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III. Design of antagonists to releasing f“ctorlt“"

A. Mode of action of the releasing factors,

In view of the current thinking on the possible role of prostaglendins
in c~AMP, adenyl-cyclase system as initiator of hormonal secretions, several
experiments were undertaken to study a possible participation of a prosta-
glandin receptor at the level of the adenohypophysial tissue, in the
mediation of the effects of relcasing factors. Experiments were carried out
to teust the action of various prostaglandins on endogenous and elevated K+
mediated release of TSH, ACTH and LH. Compounds studied were 7-oxa-13-

prostancoic acid (PG1), PHE,, PGE,, PGF and PCA 2. 1) 10 pg PGI inhibited

20
LH secretion due to elevated K+; 2) 100 pg PGI increcascd LH in media over
controls; 3) 1 ﬁg PGEl increased LU in media whereas 10 ug of same compound
decreased LI by a like amount; 4) PGF2 had no effecct either on endogenous
LH release or K' mediated release at doses of 1 or 10 Hg;  5) PGE2 (10 ug)
doubled LU in incubation media and 10 ug PGA, lecreased LH by 30%.

Furthermore, prostaglandins of the PGE series appear to release TSH
and ACTH although further experiments will be required to explain inconsis-
tencies in the response to various doses of the prostaglandins. The
prostaglandin antagonist 7-oxa-13 prostancic acid (Fried) decreases the amount
of TSH and ACTH secreted in response to high potassium and inhibits the
secretion of TSH in response to TRF. These experiments are presently being
extended to include studies on LH and FSH secretion as well (see IIA).

B. Role of c-AMP

As part of our program investigating the role of cyclic AMP on the

secretion of pituitary hormones, we studied the effcct of cyclic GMP om
2

secretion of TSH and ACTH and found no effect at doses of 10"3 and 10f M.

We have asked Plenum Scientific Co. to prepare the dibutyryl derivative of
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cyclic GMP for us. If cyclic GMP were effective in releasing TSH and 1M, it
might explain our findings that theophylline (which retards the breakdown of
cyclic GMP as well as cyclic AMP) releascs TSH and LI while cyclic AMP and
dibutyryl cyclic AMP  do not release TSH and LI in our hands.

Assay of cyeclic AMP: Using a wmcthod desceribed by G. Gill and L. Garren
(Biochem. Biophys. Res. Comn. 39, 385, 1970), we have set up an assay for
cyclic AMP. We have seen, ucing this procedwre, that incubation of rat
hemi-pituitaries in 10—2 M theophylline increased pituitary cyclice AMP.  The
cyclic AMP assay should be completely validoted by the vime cell populations
suitable for the proposed studics arce available (sce below).

C. Methods of developing availability of homogeneous pituitary cells

preparations.
A major stumbling block in all our studies on the mode of action of
IRF is the considerable heterogencity of the normal pituitary tissue (i.e.,
the prescnce in one mmS  of pituitary tissues of thouszands of somatotrophs.
prolactin cells,and only a fcw gonadotrophs and thyrotrophs).

Considerable ceffort must be and is presently expended in trying to
obtain homogeneous pituitary cell populations which could be studied just
like a bacterial culture medium, To this affect, the following studies have
been conducted:

1. Studies of secrction of pituitary hormones from dispersed pituitary
cells. We have found that incubation of anterior pituitary cells prepared
by trypsinization of anterior pituitary tissue will secrete TSH when stimulated
by TRF. However, the magnitude of the increasc in the amounts of TSH
secreted in response to TRY is smaller than the incrcase observed with hemi-
pituitaries. Another difference is that TA pretreatment which inhibits the

response to TRF by hemi-pituitaries,has no effect on the response to TRF by

4
H
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acutely dispersced celle. Dibutyryl cyclic AMP wos dneffcctive in stinulating
secrction of TSH from disperscd pituitary cells as well as normal hoewi-
pltuitaries, possibiyv indlcating that the lack of effcct of dibutyryl cyclic
AMP on TSH secrction is not due to the inac.cssibility of the thyrotrophs.

2. Studics on culturcd pituitary cells Completely dispersed anterior
pltuitury cells have boen distvibuted cqually - .ong several tissue culture
dishes and nointained for varying peviods of time. Daily treatment of
cultured rat pituitary cells vith TRF for up to 30 days results in an
increwse in the TS8U activity of the media as weasured by bioassays, No TSH
was detected in the cells of cither control or TR treated tissue. It was
necessary in Uhat experiment to collect media that contained 7 days' secretion
in order to detect TSH by the Lioassay. Therefore, due to possible differences
in TSH stubility inside and vutside of the cell, ve cannot coaclude that
TRF wag dncreesing the ratoe of synthesis of TSH.

A sinilar cxvperinent wiih control, TREF and 5 x [K+] treatments has
been underway for three wecelis.  New methodology will allow us to determine
the rate of TSI synthiesis in these cells.,

Several different lines of TSH scereting tumors are being maintained in
tissue culturc. We are presently studying the nature of the materials
secreted by these tuwors and determining if TRF, cyclic AMP, prostaglandin
antagonists, prostaglandins, high [K+], cte. are capable of medifying the
rate of synthesis or secretion of any of these materials (see below).

3. Several proposed experiments will require using tiscue with no
extracellular space. Due to the probleimns encountered with the acutely
dispersed cells, the feasibility of using short term (48-72 hr) tissuc culture
of pituitary celis is being investigated. 1f this system appears adcqqato, it

will be used for calcium flux studies, and for determining if TRF-bound to large

{

{

oo



-16-

VITE T Ty
Wi

Bt

impermenble molecules can still releasce TSH.  This would add
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that TRE is acting at the plasma mewbrane level. Sinllar studies are to be

conducted vith LIT.

4. Studies monitoring metameters of cell function other than specific

hornone synthesis or secretion. It would be of great interest to determine

':’\’l..-"

whether specitic releasing factors, such as LRY or TRY, or specific inhibitory

peripheral horuones, for example gonadal steroids or thyroxine, have an

.{_+

)

effect on cyclic AM

e i . . , -+
Poor prostaplandin leve's, on Ca oY i

plasma wewbrane potentinl or on the rate of RiAor protein synthesis in the

specific cells involved. The fundamental obstacle to Investigations of this

type is the fact that the anterior pituitary is a hetcerogonous
the

gonadotropirs or

organ con-

taining several cell types of which only the/thyrotrephs, a small percentage

of the total, would be expected to respond to their specific stinmulus, LRF

or TRF, or to thueir specific inhibitor, stervoids or thyroxine.

In order to circumvent this problem, three basic approaches are being

taken:

a) A technique for separation of dispersed cells--a method described

by Hymer (J. Cell. Biol. 47, 94a, 1970), modificd by G. Grant.

results indicete that it will be possible to separate the TSH containing

cells from 80-907 of the other antevior pituitary cells.

Preliminary

activity, on the

b) Specific killing of anterior pituitary cells by cytophilic antibodies.

Antisera are being produced in rabbits against mouse anteriol pituitary cells.,

The antiscra will then be adsorbed with TSH scereting tumor cells in order

to elininate those antiboedies apainst all non-specific pituitary cell

antigens and those specifically apainst thyrotroph antigeus.

The

night then be used to lyse all of the cells except the thyrotrophs.

The

antisera

antisera raised to this dute arce pituitary cytophyllic, however, the titers
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are not yet high cnough to warrant procceding to ihu\adsoﬁpriuﬁ stéf.

¢) Another agpproach to obtainivrg a high peopulation of thyrotruphs
is to carry out thesc studies on TSH secvering twnars on pitultaries from
chronically thyroidectonized denors. Severel ditferent genorations of TSH
tumors are being maintained in culture. Earlier experience with an old
tumor line (tronsplantod many times) indicated that TRF did not increase the
secretion of hiologically active TSH from these tumors. TRF did rcelease
TSH from dispevecd cells obtained frow a G tumor.  Ter that reason, we have
thyrotdectemized 200 mice vhich should start yieclding G, tumors by March 1971.

There G

o tumors should centain a high proportion of thyrotrophs and, therefore,

vould be suitable for mzny propoccd s:udies.
D. Role of releasiog factors in the biosynthesis and secretion of
pituitary horwoncs.
At the nmoment, it scoms best to approach this problem with TRF,
readily available, thus studying sccrction of THH. We have every reason
to beliceve that results can be extrapolated to LRI and LH,

TSH secretion will be examined initially in TSH secrcting mouse pituitary
tumors to obtain a matcrial actively secreting TSH growing in tissue culture,
To this end, threco Turth TSH pituitary tuwors have been cxtablished in culture.
Preliminary cxperiments carried out have been established din culture. Pre-
liminary ezperinmonts carriced out have been concerned with jpool sizes and
equilibrium ratces of TSH dinside and ~utside the cell, and with the nature of
the secreted protein material.  Double labeling experiments indicate that
the scereted protein is composed of beth newly labeled and previously labeled
material with previously labeled protein being scereted at o linear rate
for about 10 heurs. The protein secreted by the tumors appears to be biologi-

cally inactive but immunolepgically normal. Examination of the sccreted tumor
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protein on ShE-acrvlanmide pgel clectieyoresis doncnstrated 3 prowveines, eonly 2
of these are immunolopically precipitated corcesponding to o and £ TG chains.
The mobility of theoco THU subunits on D5 pols dndicates that a larpe size
Y s 5

discrepoency cxists betweea the expected (12,000) and appareat (25-30,000 and

i ¥ | ’ Pr >
40,000) tnlecular Veishts. This is Jikely to Le duc ro the prescence of
carbohvdrate rwoieties on the subunity as reported in the case of ifmmunoglobulins,
The addition of carboliydvate to the stbunits provides a ureful handle for the
study of synthesis of complete TSH molecules. Turther exomination of this
problen is obviously morited.

The study of TRF mode of action will be appiovached as follows:

We plan to use 3-rrp of hipgh ¢pceific activity and bind it to pituitary
cells and/or membrancs. This technique will provide two important handles,

A) an ossay of TRF by competition for SH=TEF, and B) a binding constant of
Y A 1 ’ L

TPF for the cell surface. This lattcer nunber will provide the basis for a

study of the many analogs of TRI which we now have in the lab and poussibly

the results of competition experiments will tell us, in conjunction with

data on biclegical potency,the functional parts of the molecule,

A second series of experiments will investigate whether TRE induces
releasce of TS! from normal pituaitary cells via the stinmulation of eyclic
nuclcotide syuthesis (Lor discussion purpozes referred to as c=-AMP only
(Sce above). This has been studied on pituitaries which have been dispersed
with trypsin into individual cells and fractionsted on a BSA gradient o la
Hymer and Evans).  The most rvapidly migrnﬁing cedls appear to contain the
majority of the thyrotrophs but only 207 of the pituitary cells.  The level
of stimulation of c~AMP in this population upen TRF stimulation will be

tested.
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E. Structurd/oetivity studies on svothetic =nnloees of TRy,

We are alreody exnonding coagiderable efforts at studying seynthetic
analogs of TRY as possible antagerdsts (of TRY), our rationale here being that
results obtained with this series of compounds could be extrapolated to similar
problems relating to LRY,

The fallewiny syuathetic peptide  analogs of TRID have been obtained and
tested for their agonist and antagonist properties:

1. Modifications of the U-terminus: FPCA-His-OMe (I); PCA-His-Pro-N (Et)2

(11), ¥PCA-His-Pro-N (III); TCA—Hjs-azidino~NH2 (1V); PCA-Uis-Pyrrolidine (V);
YCA-“1S~P;O-N (CH3)2 (VU); PCA-His-Morpholine (VI1); PCA-His-N (:2) (VIII);
I'CA-His-Pro-anilide (IX); TCA-Hi&-?rO—NM-(CHz)EOH (X); PCA-His-Pro-Tyr (XI);

PCA-Nis-Pro-Tyr-Liiy (XI1); DCA-Tis-Pro (Dii)-mlz (R11T); 1"C1‘\-His—LLU—N.{2 (X1V),

2. Modificatious of the N-terminun: Yro-His-Pro-NH, (XV),

2

3. Modificutions of the medial lig-regidue: Yro-llis-(1 N—CH3)-Pr0-NH2 (XVL)
All compounds as above were used hero oniy in theiv pure form; the structures

were confirmed by high resolution NMR (Jeolco PS-100) and mass spectrometry

(Varian-dMat CH-5). Cowmpounds I, XI, and XVI were synthesized in our leboratorics;

other analogs were synthesized by the Parke-Davis Rescarch Labs, Ann Arbor, Michigan.
Bioassays: All substances were quantitatively assayed for TKI activity

in vivoe using puve synthetic TRY (50,000 U/ug) as reference standard.  After the

proper rangce of doce to be used had been determined in pilot experiments, the

final assay design was that of a complete d-point aseay with no less than 5

replicate/dose, the interval of dose being equel for standard and unknown and

usually cqual to 3.0. All 4-point assays werce calculated by factorial analysis

after logyqg transformation and covariauce adjustment. For studiecs of poscilile

antagonistic properties (to TRF) a classical 2 x 2 factorial design was used.
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The synthetic analogs of TRF described abeve were sﬁown to possecss
the following specific activitics (TRF U/iged. (I): €, no biolopical activity
at doses up to 200 yg;  (II): 20; (T11): 3C0; (LV): §00; (V): 100; (VI): 250;
(VI1): 80; (VILI): 20; (IX): 10000; (X): 10000; (X1): ~2.5; (X11): <2.5;
(XTIT): =50; (XIV): -50; (XV): 5; (XVI): 20. Compounds (XV), (XVI), and
(XI) were tested for antanonistic propertics to TRy they showed no inhibition
of TRI' scetivity at ratios of 1 x 103 or 4 x ]U3 molar cxcens,

It wouid thus appcear that none of the modifications of the C-terminal
Prolinc--other than rewoving it altogether (PCA-Hie-MMe has no biological
activity), or making it the COpciultinmate residue (PCA-Nis-Pro-Tyr-01 or
PCA-His-Prn~lyr-NH2 have no activity)--destroyed cempletely the bioiogical
activity. None olf these compounds appeared to be potent antagonists of TRY
at the doses tested.  The nent cevies of synthetic analogs as possible antagonists
will be directed to mndifications of the Noterminoe vhich oracars o Lo wach
more susceptible to chaprges leading to alterations of biological activity.

Additinnal insight of the structure activity relationships of TRF will be
gained if labelled TRE can be found to bind to intact cells or a membrane f action
of disrupted cells. The displacement of this binding by TRF analops will allow
us to measure the binding constants of the variecus analogs for the TRTF receplor.
With an :ppreciation of the site(s) on the TR molecule determining the affinity
of TRT for its receptor and the site(s) responsible for intrinsic activity, we
will be able to better suggest what analegs of TRF might have antagonistic
activity. So far, we have been unable to detect binding of low specific
activity 3H-TRY to dispersed cells in vitro. Higher specific activity TRF will

be required to test the fecasibility of this wethod.
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We have completed the construction of several Hcrrific]d~zgpe
synthesizers, construction of a vacuun system for handling anhydrous HEF; che
synthesis of scveral peptides has also bern achiceved and purification procedures
for oligopeptides have been devised for rouline use.

The peptides synthiesizced include several TRE analegs and two trial peptides
of the LLF couposition, The TRF analegs include the following resin peptides:

0

1) PCA-Glv-Pro a resing 2) CH3CH28 Gly-Mis-Pro A resing; 3) GIN-Uis-Pro & resin
4y 1% acvi-GIY Nis Prow resin. Peptides #2) - #4) include changes at the K-
terminug of the TRV peptide. Veptide #2), a propionylated Gly-His-Pro peptide,
is alwost o structurel icover of native TRY. The other two PCA analogs are the
glutenminyi and NY-aeyl-plutaminyl PCA analons.  Except for the glutaninyl
analooe  novn af thoen sontidoe chioald nrocide difTicultics in obtaining pure
preducts.  The purification of these peptides will be undertaken as soon as the

HF train is operating efficiently enoupgh to remove the peptides from the resin.

The "LRF" peptides synthesized include the foilowing: 1) PCA-His-Pro-Tyr-
Leu-Gly-Are-Ser-Gly v resing 2) ilis-Ser-Arg-Pro-Gly-Gly-Glu-Leu-Tyr w resin,
"LRFY peptide 1) kas been taken through scveral trial purification procedures,
and the beost one was BAW (butonol:acetic acid:water) (4:1:5). Chromatograms
show seven peaks, the major peak giving amino acid unalyses corresponding to
the synthesie as carrvied out. The two totrapeptides I'CA-llis—Tyr-Pro-NH2 and
PCA-Tyr-His-Pro-Niiy have also been prepared.

Duriung the above synthesis, sceveral techiniques have been worked on for
improving and testing the purity and homogencity of products in the synthesis

of peptides by solid-phase. These include acylation by several reogents in
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order to terminate chains which are unreaciive to aeylation by amino acid
derivatives. Reagents include accetic acid, bentoic acid, and others. This

should innrove homogineity and simultancously provide a means of scparating

contarinating shorter peptides from final products.

B. Peptide syathesis by "wet" procedurcs:
1. Synthesis of the oligopeptide PCA-His-Pro—NH2: The compound

N(a) , N(im)-dicnrbnbcnzoxyhintjdy]proly]—p—nitrophcny]—estcr was preparcd in

717 viedd, but was difficult to ohtain analytically pure. Removal of blocking
proupgs and coupling of carbobenzoxy-TCA, follswed by deprotection and armonolysis
of the active ester,produced TEF in 5% overall yields. Various attempts to

increacse the yield of the sceond coupling step werce unsuccessiul,

2) N((v)’ N(jm)-dicn.n'b«'\bvn:-un:3111'.st‘1'(]inc (Vi Z-Nis) + IBr-Pro-

N oaetrhe Tiror
ofNo, — o metin Toor (DA
2 RS oo (her

AR GAAR SO N PN S S H RN

i"‘;‘"‘«‘ Di Z-Nisg-Pro-
D .

Og’m()z 717 yicld;

YR ]r“' N \ - :
b)Y Di Z-His-Tro-09n0, =Dy ouppeN, . o Z-His-Pro-0PN0, 937 vield.
< DLioxone (i) A b
v e - . A
c Z-PCA + 21y Ni: 711 g-Pre ~0f0 =i —
) ) 2 DeC, Et0Ae
Z-P(‘.A~N(im)—2—}1i s-000, 25% yicld

d) Z-PCA—N(im)HiS-Pru-ﬁﬁxuz~_lﬁﬁl_“, PCA-N(; Y His-Pro-0ANO,

Z-His-Pro-Oﬁxozn-ﬁyﬁ__a FCA-His-Pro-NH

e) PCA—N( 7

im)

The coupling of dicarbobencoxyhistidine to proline amide gave rise to
several products. Attempted purification of the desired product caused further
decomposition as evidenced by TLC. Products of this reaction have not been

identificed further.

CC
a) Di Z-Wis + Pro-Niy =i Di Z-Mis-Pro-Ni,

b) Di Z-Nis-Pro-Nii, iy PUBYH gy 2-ilis-Pro-Nil,
N

¢) Z-PCA + 2]11‘,‘;'N(1-_m) '/,-Ili.s—l’ro—Nllz —— =) '/xl‘C."\—l\’(]-m)--Z-}l:i.s-l’ro-l‘lll2

d)  2-TCA-N(jy,y Z-His-Pro-fily M2y PCA-Nis-Pro-tul,



-23-

Frats oy e e
I WA VLI D B '\ R

..... [ ]

2. Synthesis of PCA-His-Pre-KH; by the Studer-Gillessen procedure:
The necessary neutralizaticn of histardine © thylester dibydrochloride calls
or use of sodiuwnm methoxide and this wethod has been used, lowever, an easier
f f 1 't 1 1 tl thod 1 ] d I , i
resin noutralization of the histidine wethylester dihydrochloride huas been
accomplished and the desived product verificd by mass spectroscopy, NMR, and
purity by TLC, and used in the Studer-Gillessen procedure,

3. Synthesis of o4 nonapeoptide containing the known amino acids
of LRF: The tripeptide YCA-His-Gly-hydrazide was preparced for coupling with
a hexapeptide. The second step (e.g. Z-PCA + Beim) Z-Mis-Gly-0Cyll5) was highly
solvent dependent., The reaction gave a 70% yicld in acetonitrile, but no

product ia ethyl acctate.

a) PCA-His-Gly-0C,lig-1C] Yrgﬁcfé DL Z-His-Gly-0C,llg 70% yield
. - , . ' 1y . . 7111 ¢ o .
b) Di Z-His-Gly-0C,li, LS N A )é is-Gly-0Cylls
v ™ e PURTE o _NMH , !
¢) 4-PCA 4 21Br-Neg.y Z-1E -Gly-0C,lg —-1y Z-TCA- Ny
Vi - Lee i

Z-Nis-Cly-0CyHs.
Step ¢) didn't worl in EtOAc, gave 707 yield in acetonitrile.
d)  Z-PCA-N(;  7-Uis-Gly-0C,lls M2, pea-nis-e1y-oc,g
e) PCA-His-Gly-0C,ls + Hilo—> PCA-Tlis-Gly-lydrazide
(ready for azide coupling with hexapeptide)
The protected dipeptide active ester (Z-(0 benzyl) Tyr-Pro-O¢N02) was
prepared for coupling with Leu-Sor-G]y—NHz.
Carbobenzoxynitroarginine and nitroarginine methylester were prepared. A
small amount of Z-(0 benzyl) Tyr-Pro—OOf\‘O2 was coupled to nitroarginine methyl-
este. to show the possibility of this reaction.
4. Preparation of PCA-Pro—Tyr-OCH3: The blocked peptide,
Z-PCA-Pro-(0 benzyl) Tyr-OCH3 was prepared and confirmed by mass spectroscopy.
The deprotected peptide is apparently unstable and purification procedures are

still in progress. This peptide 1is to be used for permethylation studies.
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5. Attempted synthesis of N( ) Boc, NG’ NG dicarbobeuzohyarpinine.
1is shou e an excellent derivative since the Dec group can be removec
Thi hould t 1lent d t the 1 { i | 1
leaving the 2 groups intaet awd the guanidine grours intact. The tricarbobenzoxy
arginine was prepared, but the removal of the alpha carbebenzoxy group was un-
successiul, The Boc group can be removed Icaving Z2 groups for {ull protection
of guanidino group.
a) Z2-Cl + Arp tri-Z-Arg
- S0C T -
b) Tri-Z-Arg 112? N, Ng-Di-Z-Arg
. s A , . ,
¢) Boc azide + Di Z-Arg —— N(a) Boe, Ng,Ng, Di Z-Arg.
6. Preparation of benzhydrylamine resin for solid-phase synthesis
of varioug polypeptides.
a) Dencoylation with benzovl chloride;
b) Recduction to formyl awine with NHQOOCH;
l‘) Hyrh‘n'l)'cfc tn fvon aminn
CHN analysis on benzoylatoed resin, and benzhydryl amine resin indicated
y ¥ ) )
0.86 meq N had been introduced. Couplingof Boc-Pro with the resin introduced
0.43 maoles Pro per gram of resin.
7. Synthesis of L-PCA-D-His-L-Pro-Nil,D-ilis:  This is still in progress;

D-lHis (obtained commercially) may not be optically pure as measurcd in the

polari oter.



IS YL W S B AR SN F e b e e e
i s s SV |

: . : ; AN
L O TR ]

1
. . Y

V. Computer Procranmation. f

Our computcer activitics seem to fall into two generel arcas - fhésé
concernir the use of the 1050 terminal with the Baylor 360/50 system, and
those concerning the Varian 620/i computer, dedicated to the Cil-5 mass
spectrometer.

Looling at the 1050/360/50 work fivst, EXBIOL and the programs associatec
with it are already dJdebugeed and running well; only winor changes have been
made to cul out some unnecessary lines of printed output,

The IMMUNO progras had some more serious problems but has subsequently
been debugged aund the output rearvanced and reduced for clarity and brevity.

At this point, we are discussing the possibil 'ty of dividing it into two scction:
The {irst sccticn would tole the data and store it in a data set. This should
eliminate the necd for reentering the data from the long paper tapes when the
system voes down. there is Tine trouble, ov other error cmwditione nceur Tho
second section would operate on the data arccady stoved, procecding with the same
calculations TMIUNO does new.  However, we hope to include a few new options
that we fecel are desirable and rearrange the p egram slightly in order to make
it more flexible for future use in othur assays.

Meanvhile, we have been investipating computer facilities in our more im-
mediate geographical area which might be able to accommodate our present and
future necds. So far, we have not found one with an opevating system that would
be compatible with the programs alrcady written, would have remote terminal Aud
paper tape input capabilitites, and be within our local calling arca. The survey
will continue considering the various solutions available and the changes they
would require along with any new possibilities. that may arise.

In the arca concerning the Varian 620/i facilities, the initial efforts

involved becoming acquainted with the overall system of the mass spectrometer
5 | h

and more specifically, the operation of the Varian couputer. Fortunately, a
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two~week course was available at Varian Data Machines in late October 1970
which covered its operation, DAS (ossembly language), machine language and
Fortran programuing, a possible eperating system, and use of various peripheral
equipment. We have been working on a program to analyze the data on paper

tape from the amino acid analyzer. Ve are alse developing a program to look
for differyences in masses found in a spectrum that might indicate specifically
interesting fragments. Eventually, we plan to develop a program that will

scquence a peptide from low resolution mass spectrographic data.,
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The wass spectrometry Yaboratory had to be completely installed. All
the equipument has been tested; we are satisfied with the performance of all
components, with the exception of the Peak Matching Unit, the CC linc-of-sight
inlet system, and the Library Encoding and Spectrum Averaging Program, The
Peak Matching Unit, according to the Varian service engincer (November 1970)
will be adjusted to its proper working condition as soon as he receives
instructions from the factory research center. The line-of-sight inlet will
be instnlied and demonstrated by Varian engincers when the mass spectrometer
is moved to its new location next July; its performance is not an absolute
requicite for the progress of our present program. Varian-Mat delivered
what they called the Library Encoding and Spectrum Averaging Program on
December 21, 1970. lowever, the service engineer had difficulty in running
this program. As a result, we are still holding Varian responsible for the
delivery of a workable Library Encoding and Spectrum Averaging Program as
specified in the purchase contract.

Vi:ile we were testing the cquipment, we have also been compiling mass
spectral data of amino acids and peptides. Al? the peptide and amino acid
samples run in our mass spectrometer were either made in our own laboratory
or supplied by D. Nicolaides (Parke-Davis Research Labs).

Since most underivatized peptides have very low volatility, another major
project has been to devise means to increase the volatility of the peptides so
that evaluable spectra can be obtained in the mass spectrcieter. So far, we
have been successful in using the permethylation technique to increase the
volatility of some peptides. The permethylation method that we used was

adapted from §. Lande ¢t al. (Biochem. Biophys. Res. Comm., 1970). The procedurc
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involves the preparation of sodium methvlseliinyl methide from sodium hvdride

and dimethy? sulfoxide, and additing it to a solution of the peptide in

dimethyvl sulfoxide followed by nethyl jodide.
0 O

',' I\\/l { C‘ OT O
CH35CH3 — > CH3 CH N
0 o o CHj

. . n !
Peptide (RG-Ki) + Cligé o P GGy permethylated (pE. § cpy)
peptide

We have been vsing a tripeptide, PCA-Teu-Ala-anide as the standard for
refining our permcthylatien technique and we were able to scale the reaction
successfully down from 100 itg to 10 g and still obtained excellent spectra
from our mass spectroueter.

The significance of the permethylation reaction in increcasing the volatility
of a peptide was denonstrated by permethylatines synthetic Tyr-Pro-Leu-Ser-Cly-
amide. The underivatized peptide did not show 2 moalecular ion or any peal: in
the molecular ion range whercas the permethylated compound clearly showed the
molecular ion.

The permethylation reaction, however, does not give a clcan product when
the peptide contains histidine because the molecular ion is composed of the
permethylated compound as well as ions with one, two, or three extra methyl
groups. This discrepancy is due to the fact that the Cl,-group of the histidine
is quite acidic. As a result, the two hydrogens could be replaced by methyl
groups in the permethylation reaction, and thus would account for the appearance
of one or two cxtra methyl groups an the molecular jon. Methylation of the second
nitrogen on the histidine ring would account for the molecular ion plus three
methyl groups. Permethylation experiments performed with histidine methyl ester
are currently being undertaken to verify this hypothesis.

In the general arca of increasing the volatility of peptides, we have been

trying to prepare a volatile derivative of arginine. So far, we have been
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successful in converting once milligrem of arginine amide to a volatile pyrimidyl
dervivative using acetylacetone and awonia. However, we have difficulty in

scalingy the reaction down to the microgrem quantity and we are currently

working on this problom.

N1 0 N A
i NH Nile NP
H, KCIUICH G, Gl CHONIL GLUNH,  +  CHLCCILCCH, ——m 3, |~ 7 NUCH,CH,CH, ClENT
T XA

Ve are also wvorking on the development of a computer program that will
subtract one mass from another in a mass spectyum, starting with the highest
mass. This is just a subtraction program which we can do in our Varian 620/1i
computer.  The idea is to start from the highest moss and sublract the successive
masses from it. Wien the last (lowest) mass is subtracted, we then move to
the next highest mass and do the subtractions again, and so on. The difference
should corrvespond to the mass of a rceutral {ragment that splite off from the
moliccular ion or its {ragment ions. Recognizing all the possible neutral
fragments, one can test for the molecular ion as well as reconstruct the whole

molecule.

The high resolution RMR (Jeolco Jid PS-100) spectrometer is now in full
routine use. This includes: a) Frequences and field sweep recording;

b) internal and cxternal lock; ¢) double resonance under each mode of recording;
d) variable temperature; and 3) ng.

We have also performed preliminary studies on application of the Overhauser
effect in NMR spectroscopy for determination of the spatial configuration of
peptides.  These techniques were applicd to all the synthetic compounds
available in the laberatory leading to the recording and interpretation of a
large number of RMR spectra of protected and unprotected amino acids and

peptides as a rmeans of control of identity and/or of purity.
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450,000

$2,254,528

Total
Expended

$ 40,849
7,051

1,740
246,460
56,129
6,085
12,237

$370,551
38,194

$408,745

S=——rremaes

Post Othce Box 1309, San Diego, Califorria 92112 « Telephone (714) 4534100

L



PERSONNEL

Name

Dr.
Dr.
. Dorscht

VOO0 OXMmM—~420m

NIH Supported through December 1970

Roger Burgus
Geoffrey Grant

Kaiser
Ewing
Raines
Smith
Wilson
Garrison
Rivier
Mansch
Bock

THE SALK INSTITUTE

AID Contract No.

Al1D/csd-2785

ADMINISTRATIVE REPCRT

Page 2

Title

Senior Research Associate
Postdoctoral Fellow
Administrative Assistant
NMR Technician

Lab Technician

Lab Technician

Lab Technician

Lab Technician

Lab Assistant

Jr. Lab Assistant
Secretary - 1/2 Time

Lab Aide - Part time

r.
r.

Dr.
Dr.
Dr.
Dr.

A.
H.
M.
A.
C.

. Vale
Amoss

T. Dunn

N. Ling

J. Rivier
M. Honohan
Pitzer
Anderson
Butcher
Erenea

Otto

Research Associjate
Research Associate

Research Associate

Research Associate

Research Associate

Postdoctoral Fellow
Computer Progammer

Lab Technician

Lab Technician

Lab Technician

Lab Technician

s i//;z

D. E. Glanz, Trea;;fer

Roger Gu11]em1n, RLs1dent Fellow
Principal Investigator





