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Two analogs of /3-corticotropini-za amide, Le., glutami1ie~-~-(pyrazolyl-3)-alanine~-~-corticotropin~~~~ amide 
and glutamine6-phenylalanineg-p-corticotropinl-~~ amide were synthesized and certain biological propert,ies of 
these peptides were evaluated. The observation that the replacement of histidine by P-(pyrazoly1-3)-alariine 
only decreased but did not eliminate steroidogenic and melanocyt,e expanding activities demonstrates conclu- 
sively that, these biological properties of p-corticotropin are not dependent on the characteristic acid-base behavior 
of the imidazole portion of histidine. Thus, intravenous infusion of the pyrazole analog raised the plasma 11- 
hydroxycorticosteroid level and the urinary 17-keto steroid: creatinine ratio in human subjects. The same dose 
administered intramuscularly by a single injection failed to elicit these effects. Glutamine5-phenylalanine~-p-corti- 
cotropiiil-20 amide exhibits only 2-3% in vivo st,eroidogenic and adrenal ascorbic acid depleting activity of /%cor- 
ticotropin on a weight, basis The in vitro melanoc)-te expanding potency of this material was 1.4 x 107 MSH 
units,/g. It is concluded that the indole portion of tryptophan is not functionally involved in the physiological 
activity of p-cort,icotropin but, appears to contribute to the binding of the hormone to it,s receptor(s). Certain 
structure-funct,ion relations in  the p-corticotropin series are discussed. 

Structure-function studies with homogeneous syn- 
thetic fragments of @-corticotropin (I) (Table I) have 
corroborated the initial observation of Bell, et u Z . , ~  that 
the biologically effective unit of this hormone is located 
in the N-terminal region between positions 1 and 24. 
b-Corticotropinl-24 (111),6 @-~orticotropinl-~3 (X),? @- 
corti~otropinl-~a amide (XI),* and @-corticotropinl-z, 
amide (XT'I) exhibit approximately the same i n  vivo 
adrenocorticotropic activity in the rat as natural @- 
c o r t i c o t r o p i r ~ ~ ~ ~ ~ - ~  
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Xethods developed for the synt.hesis of these com- 
pounds have been applied t'o the preparation of analogs 
whose biologic evaluation may pinpoint functionally 
essential amino acid residues. 

In  the present investigation we explored t'he impor- 
tance for in. vivo adrenocorticotropic and in vitro 
melanocyte expanding activity of t'he hist,idine and tryp- 
tophan residues. 

I n  previous c o m m ~ n i c a t i o n s ~ ~ - ~ ~  we have described 
the synthesis of the unnat,ural amino acid L-p- (pyrazolyl- 
3)-alanine [Pyr(X)Ala] and have discussed its value as a 
tool t'o assess the importance for biological activity of 
t8he acid-base properties of t'he imidazole ring in histi- 
dine. The significance for adrenocort'icotropic and 
melanocyte-expanding act8ivity of the characteristic 
imidazole dissociation of histidine has now been evalu- 
at'ed with synthetic glutamine5-@- (pyrazolyl-3)-alanine6- 
@-cor t~ ico t r~p in~-~~  amide (XVIII). 

that treatment of p- 
cort'icotropin with p-dimet8hylamiriobenzaldehyde in 
acid solution resulted in loss of biological acttivity was 
int,erpreted by these aut'hors "to iridicat'e t8hat the 2 posi- 
tion of the tryptophan residue is probably essential for 
biological activity, alt'hough the possibilit>y of side 
react'ions cannot be excluded." 

The finding of Dedman, et. 
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procedure of the tosylate salt XXII  and XXII12' in 
pyridine-DhIF followed by coriversiori of the reaction 
products into the acetate salts. Since at,tempts to iso- 
late t,he desired protected eicosapeptide amide by gel 
filt,ration were unsuccessful, presumably due to a differ- 
ence in aromatic interact,ion of Trp and Phe with the 
Sephadex, the reaction products were debloc.ked wit>h 
TFA and X I X  was isolated, in poor yield, by CM-cellu- 
lose chromatography followed by desalting on Bio-Rex 
70. 

The eicosapeptide amides XVIII and X I X  were 
homogeneous as judged by tlc and disc electrophoresis 
(Figure 1) and both compounds were completely digest- 
ible by AP-11. The constituent amino acids were 
present, in the digest,s in t,he ratios predict,ed by theory. 

Experimental Section 
A. General Procedures.-Melt,ing points are tinwmected. 

Rotations were determined with a Zeisd precision polarimeter. 
Meamrements were carried <nit wit,h a Hg lamp at 546 and 578 
m~ and extrapolated t,o t,he 58Y-mr Ns line. Elemental analyses 
were performed by Schwarskopf Microanalytical Laboratory, 
Woodside, N. Y.; 0 values were actudly determined and not, 
computed by difference. Disc eIect,ropherograms were stained 
with aniline blue-black in 7..5y0 AcOH. They were performed 
with 25 pg of peptide in 7.3% polyacrylamide gel st, a running 
pH of 3.8. The amino acid eomposit,ion of wid and enzymic 
hydrolysates was determined with 8. Beckmaim-Spinco Model 
120 smiiio acid The figures in parentheses are 
average recoveries of amino acids bmed on formula weight. 
Nle and a-amino-~-guanidaprapionic acid were t ~ s e d  a3 internal 
standards. Acid hydrolvsates were performed in constant hoil- 
ing HCI a t  110" for 24 hr in evacuated tubes; values are not, cor- 
rected for amino acid destruction. AP-M digests and t,hio- 
glycolate reductions were carried mi, as deseribed.ll See 
Hofmenn, el for designstion of solvent, systems for paper 
and tlc chmmat,ograms. 

The rat, adrenal axorhic acid depleting assay WBS performed 
according to the U. S. Pharmscopeia." Steroidogenic activity 
way determined in hypophysectomiaed or dexamethasone-hlocked 

. . .. . .. . - 

Figure I.-Disc electropherograms of compound XVIII, 
See iext for experimental condit,iotm. A and compound XIX, R. 

rat,s."'.b The met,hod of Shizume, rt a/.,¶ served t,o determine 
in uilro melanocyte expanding pot,ency. 

B. Preparation of Peptides. Methyl Benzyloxycarhonyl- 
phenylalanylglyEinat~.-N-H~d~~~ys,,c~i"imid~ beuzyloxycar- 
hl,nylphenylRlhniiiate" (I!L!l g) and methyl glyeinate. HCI 
(6.28 g) were suspended in T H F  (300 ml) and t,he snrpemion was 
cooled at, 0'. TEA (14 ml) wm added and the mixtiire was kept 
at, 0" for 1 hr and at room t,emperatiire for 24 hr The solvent 
wa- removed, the residue wa- dissolved in EtOAc (400 ml), and 
the solritiuii w&s washed in the usiisl manner and dried. Evap- 
oration of the solvent, gave an oil which soon eryatnllired. The 
material wa- recrystallized from EtOAr-petmlenm &her: 
17.4 g (94Y0); mp l18-l19°; [a]% -17.2' (e 2.09, MeOH); 

lit." mp 122-123'; [a]% -23.6' (c  2.0, 1134F). Anal. (CW 
HmNzOJ C,H,N. 

Methyl Phenylalanylglyeinate Hydrochloride Hemihydrate.- 
The benzyloxycarbonyl derivative (1 1.1 g)  was hydrogenated 
over P d  in a mixture of MeOH (100 ml) and 1 N HCI (:30 ml). 
The catalyst wa? removed by filtrat,ion, the filtrate was w a y  
orat,ed, and the residiie was lyophilieed from dioxane; yield 
qnilntitative; [a]% +R2.3" (c 1.X, H%O); R? 0.6; R P  0.8; 
single ninhydrin- and CI-poait,ive spot. Anal. (CnHI.N201. 
HCI .OdH~O)C,H,N.  
Benzyloxycarhonylni~~rginylphenylalanylglycine.-A mixed 

anhydvide prepared from benzyloxycarboriylnit ,~ , ,~~~i"i~~ (3.54 
g), n-BurN (2.4 ml), and ethyl chloroformate (0.96 ml)in dioxane 
(70 ml) way added t,o a solution of met,hyl phenylalanylglye- 
inate.HCI (2.72 g) in dioxane (50 ml) eont,aining TEA (1.4 ml) 
and the reeetion mixtiire w&o alhwed to stand st room tempera- 
lure for 2 hr. The solvent wm evaporat,ed and the residue ww 

[ * 1 2 9 ~  -22.70 (C 1.4, IIMF); R,' a x ;  RP 0.8; R P  n.o. 
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drazide monohydrate (747 mg) was dissolved with slight warm- 
ing in a mixture of DMF (6 ml) and H20 (0.5 ml). The solution 
was cooled a t  -10" and 1 A' HC1 (2.0 ml) was added followed 
by a volume of 10% aq K a S 0 2  sufficient to turn KI-st'arch 
paper blue (approximately 0.75 ml). The reaction mixture 
was stirred vigorously a t  - 10" for 10 min, then the pH was ad- 
justed to 8.0 by addition of 10% TEA iri UMF. A solution of 
XX (690 mg) in D N F  (4 ml), H10 (1 ml), and 10yo TEA in 
DAIF (1.5 ml) was added and the mixture was kept at, 5' for 
48 hr. A4dditional azide (prepared from 373 mg of hydrazide) 
was theii added and the viscous niixt.ure was stirred a t  5" for 
24 hr. The bulk of the solvents was removed, H20 (100 ml) 
was added to the residue and the solution was extracted a i t h  
four 100-ml portions of TL-BuOH. The organic phases were 
washed ( H 2 0 )  and evaporated to dryness and the gelatinous resi- 
due was dissolved in 50% aq LIeOH ( I  00 ml). This solution was 
cooled at  O", Dowex 50 \4'-X2 (30 ml settled in HZO) was added, 
and t.he suspension was stirred at  0" for 45 mill, then the resin 
was collected and Kashed by suspension with two 50-ml portions 
of ice-cold 5070 1IeOH The resin was resusperided in ice-cold 
50% 1IeOH (100 ml), TEA was added dropwise with stirring 
until the pH of the supernatant reached 8-8.5, and the mixture 
was stirred a t  0" for 30 min. The resin was collected and washed 
twice with ice-cold 5Oy; XeOH containing TEA and the combined 
filtrates were concentrated to approximately 80 ml. The mix- 
ture was kept in a refrigerator for 2 hr and the precipitate was 
collected, washed with ice-water, and dried (482 mg). A sample 
for analysis was precipitated from D N F  wit,h H20: mp 212-214" 

0.6; Rt3 3.9 x His: single C1-, methionine-, and Pauly-positive 
spot ; amino acid ratios in acid hydrolysate; Serl.8Tyro.911etl.o- 
Clul.IHisl.lPhea,o~rga.gGlyi.o. dnal. (C62HdT160liS.3Hz0) C, 
H, X, 0. 

Tosylate Salt.-The decapeptide trihydrate (XXII)  (151 mg) 
was dissolved in 505& aqueous T H F  (16 ml), the solution was 
cooled t,o O", and a precooled sollition of Ts monohydrate (41 
mg) in H 2 0  ( I  ml) was added. The solution was concentrated 
to  approximately 8 ml a t  room temperature arid \vas then lyophil- 
ized; 208 mg. Prior to its use the salt was dried for 1 hr in 
O ~ C U O  a t  50". 

~~-t-Butoxycarbonylseryltyrosylserylmethionylglutaminyl-~- 
(pyrazolyl-3)-alanylphenylalanylarginyltryp~phylglycine Mono- 
hydrate (XXV).-To a solution containiiig the azide XXI  (from 
i47 mg of the hydrazide as described above) was added a soliltlion 
of XXIT'14 (500 mg) in UAIF (3 ml) containing 1.23 ml of 10% 
TEA in DNF and the mixture was &red at  5" for 24 hr. At 
this point a second portion of azide (from 250 mg of t,he hydrazide) 
was added and the gelatinous mass was stirred for an additional 
48 hr at 3' (pH maintained a t  7.cj-8 by addition of TEA). The 
bulk of the solvents was removed and H20 (250 ml) was added 
to the residue. The mixture was stored at 5" for 4 hr and the 
precipitate was collected and dried (P20:). The ensuing white 
powder (S30 mg) was dissolved in D3IF  (40 ml) and a mixture of 
H20-lle011-i-PrOH (1: 1 :  1)  (60 ml) was added. The solutioii 
was cooled at O " ,  Dowex 30 N-X2 (13 ml settled in the same 
solvent) was added, and the mixture was stirred for 1 hr at, 0". 
The resiii was collected, washed with the same solvent, and re- 
suspended in 1.50 ml of an ice-cold mixture of UMF-I120-MeOH- 
i-PrOH (2: 1: 1:  1) .  TEA was added dropwise with st8irring and 
cooling until the supernatant reached pH 8-8.5. The mixture 
was filtered and the resin was eluted twice niore with 75  ml each 
of the same solvent containing a few drops of TEA, and the com- 
bined filtrates were conceiitrated to approximately 5 ml. The 
product, was precipitated by addition of water (200 ml), the mix- 
ture was stored at 5' for 24 hi, then the product, was collected 
and dried: 5'3s mg ( 6 2 5 ) ;  nip 200.-203" dec: [ e l Z 7 ~  -13.4" 
( c  0.52, UAIF); amino acid ratios in acid hydrolysate: 
Tyro. J I e t  .oGlul, lPyr( 3)alaI .oPhel,oArgl, 2G1y1 .a ; Rr' 0.4 j R P  
0.7; sirigle chlorine- aiid Ehrlich-positive spot.. Anal. (C64H8;- 

For enzymic digestion a 13-mg sample was dissolved in TFA 
(0.75 ml), and the solution was allowed to stand a t  room tempera- 
ture for 25 min. The solvent was evaporated and the residue 
lyophilized from 1190 containing a few drops of dioxane; R$ 
0.4: KtI1' 0.6; single C1- and Ehrlich-positive spot,; amino acid 
ratios in AP-h1 digest: (Ser + ~ ~ 1 1 i ) ~ . ~ ~ T y r ~ . ~ ~ L l e t ~ . l P y r ( 3 ) a l a ~ . ~ -  
Phel . l .4rgl .oTrpo,~~lyl . l ( l~ec.  calcd for di-TFA salt S5%). 

Tosylate Salt.-The decapeptide monohydrate XXV (109 mg) 
was dissolved in 50yL aqiieuus T H F  (50 ml) by slight warming. 
The solutiuii was cooled a t  0" and a precooled solution of Ts 

dec; [ e I z 6 D  -24.0' ( C  1.04, Dl , IF) ;  RrI 0.4; Rt"' 0.7; Rr' 

?J,ioi;s.HzO) C, H, N, 0. 

monohydrate (14 mg) in H20 (1 ml) was added. The solution 
was concentrated to approximately 15 ml a t  room temperature 
and lyophilized. Prior t,o its use, the salt' was dried in uacuo a t  
50' for 1 hr. 

Tosylate Salt of Sf-t-Butoxycarbonyllysylprolylvalylglycyl- 
,Ye -t-  butoxycarbonyllysyl -&ATf - t -  butoxycarbonyllysylarginylargin- 
ylprolylvaline Amide (XXIII).-Compound S X I I I Z 1  (128 mg) 
was dissolved in H 2 0  (6 ml), the d u t i o n  was cooled a t  O", and 
an ice-cold solution of Ts mcnohydrate (42 mg) in H20 (2 ml) 
was added. The solution was lyophilized to give a colorless 
fluffy poivder; 154 mg. Prior to its nse the salt was dried in 
pacuo a t  50" for 1 hr. 

S-t-Butoxycarbonylseryltyrosylserylmethionylglutaminyl-~- 
(pyrazolyl-3)-alanylphenylalanylarginyltryptophy~glycy~ -N'-t-bu- 
toxycarbonyllysylprolylvalylglycyl -Nf - t  - butoxycarbonyllysyl- Ne-  
t-butoxycarbonyllysylarginylarginylprolylvaline Amide Acetate 
Hydrate.-The dried tosylat,e salts derived from 109 mg of XXV 
and 128 mg of XXIII  were dissolved in D l I F  (6 ml), and pyridine 
(3 ml) and DCI (30 mg) was added. The reaction mixture was 
allowed to stand at  room temperature for 5 days aiid additional 
amounts of DCI (30 mg each) were added on the Znd, 3rd, and 
4th days. The solution was concentrated in e~acuo to approxi- 
mately 5 ml, EtOAc (150 ml) was added and the suapension was 
allowed t,o staiid iii a refrigerator for 2 hr, then the precipitate 
was collected and dried. This material was dissolved in 50% 
aqueous T H F  (100 ml), and the solution was passed through a 
column of Amberlite IlL4-400 (1.2 X 13 cm) which was eluted 
with the same solvent,. C1-positive eluat,es were pooled, con- 
centrated to approximately 10 ml, aiid iiisoluble material was 
removed by filtration through filter-cel. The filtrate was 
lyophilized to give a .slightly yellow fluffy powder; 236 mg; 
tlc showed two spots with R$ 0.5; (Cl- and Ehrlich-positive) 
and 0.2 (Cl-positive, Ehrlich-negative). This material dissolved 
in 15, AcOH (4 ml) was applied to a column (1.8 X 228 cm) of 
Sephadex G 25 fine and the column was developed with 1yo 
AcOH. Fractions (3 nil each) were collected at a flow rate of 
1 ml/min. Absorbancy at 2S0 mp and tlc located the desired 
material in fractions 147-162. These fractions were pooled,the 
bulk of the solvent was removed, and the residue lyophilized to 
give a fluffy colorless powder: 108 mg. Fractions 133-146 were, 
also, pooled and lyophilized. The ennuiiig material (110 mg) 
was rechromatographed giving aii additional quantity (46 mg) 
of homogeiieous protected eicosapeptide: [e] *;D -50.4' (c  
0.93, 1006 AcOH; REI 0 3 ;  ZZf"' 0.7;  amiiio acid rat,ios in acid 
hydrolysate: S e r ~ , l T y r o . e ~ I e t i , l ~ l i i ~  uPy~(:S)alal.oPhel.oArg~.sC;ly~.o- 
Lys3.oPro2.oVal?.1. 

Seryltyrosylserylmethionylglutaminyl-p- (pyrazolyl-3)-alan- 
ylphenylalanylarginyltryptophylglycyllysy~proly~va~y~glycy~lysy~~y- 
sylarginylarginylprolylvaline Amide Acetate Hydrate (XVIII).- 
The protected eicosapeptide (1 10 mg) was dissolved in 90% TFA 
(1.5 ml) and the solution was kept, a t  room temperature for 30 
min. The TFA was evaporated, and the residue, dissolved in 
water (5 ml), was passed through a column (0.5 X 30 cm) of 
Amberlite IRA-400, v-hich was washed with H20 until the eluate 
was C1-negative. CI-positive eluates were pooled and lyophil- 
ized. This material dissolved in 0.25 31 (pH 8.0) XHa0.4~ (1 ml) 
was applied t,o a CMC column; (1 X 20 cm), which was eluted 
with an NH40Ac gradient, produced by mixing 100 ml of 0.25 M 
NH40Ac (pH 8.0) with 100 ml of 0.25 M NHdOAc (pH 10.5). 
Fractions (3  ml each) were collect,ed at, a flow rate of 1 ml/min. 
Absorbancy at  280 mp located the desired material in tubes 34- 
130. These fract,ions were pooled, the bulk of the solvent was 
removed, and the residue was lyophilized to constant weight. 

7.5 mg; 
[0l27u -62.1" (c 1.02, 105% AoOH: R+ origiii: 0.5; single 
Cl-, Sakaguchi-, and iiiiih?-driii-positive spot (See Figure 1 for 
disc electropherogram); amino acid ratios in acid hydrolysate: 
Serp.,Tyr~.uAIetl . o G l ~ i l . ~ P y r ( 3 ) a l a ~ . y P h e l , ~ . ~ r g ~ , ~ ~ l y ~ , ~ L y s ~ . ~ P r o ~ . ~ -  
Valn.2; amino acid ratios in AP-AI digest: Ser2.oTyro.9AIet,,.o- 
Glnl, 1Pyr(3)ala~.8Phe~. 9Argp. QTrpo, 9Gly2.2Lys3.  pro?. 1Va12.2 (84 ). 

Seryltyrosylserylmethionylglutaminylhistidylphenylalanyl- 
arginylphenylalanylglycyllysylprolylvaly~glycyllysyl~ysy~arginy~ar - 
ginylprolylvaline Amide Acetate Hydrate IXIX).-The dried 
tosylate salts derived from 246 mg of S X I I  and 305 mg of XXIII  
were dissolved in a mixtiire of DhZF (12 ml) and pl-ridine (6 ml) 
and DCI (74 mg) was added. The reaction mixture was kept 
at  room temperature for 4 days, and additioiial quantities of 
I)CI (100 mg each) were added on the 2ud, 3rd, and 4th days. 
The biilk of the solveiita was removed in oacuo, EtOAc (150 ml) 
was added t u  the residue arid the siispension was kept in a 

This material was reduced with thioglycolic 





mone, or glucose. S o  significant rise in 1 l-hydroxycor- 
ticosteroids or 17-keto steroids occurred when the same 
dose was given intramuscularly. The in vitro melan- 
ocyte expanding activity of XVIII  was 8.4 x lo7 hlSH 
units/ g . 

The present observation, that  replacement of histi- 
dine by @-(pyrazolyl-3)-alanine (XVIII) does not de- 
stroy the adrenocorticotropic and melanocyte expand- 
ing activities of XVI, clearly eliminates the acid-base 
properties of the imidazole ring as essential for these 
biological functions. Dedman, et aZ.,17 suggested, on the 
basis of photolysis experiments, that histidine may not 
be important for the biological activity of ACTH. Our 
results confirm this earlier conclusion. 

Substitution of arginine8 by lysine or ornithine re- 
duces drastically the adrenocorticotropic and melano- 
cyte expanding properties of @-corticotropin fragment$. 
Chung and Li42 replaced arginine8 in @-corticotropin1-17 
amide by lysine and found that  this substitution de- 
creased iu citro steroidogenic activity from approxi- 
mately 44 to less than 1 U/mg. The i?i vitro melano- 
cyte expanding potency was decreased from 2 X lo8 

The substitution by ornithine of Brg8 in p-corticotro- 
pinl-24 (IX) decreases i?r vivo adrenocorticotropic activ- 
ity from 100 U/mg to 1 C/mg.4d In this connection it 
is of interest to note that  the arginine residues in  posi- 
tions 17 and 15 are not critical since they can be sub- 
stituted by ornithine without loss in potency. Orn17- 
Orn18-@-corticotropinl-24 exhibits the full adrenocortical 
potency of @ - c o r t i c o t r ~ p i n ~ - ~ ~ . ~ ~  The sequence Lys- 
Lys-Brg-Arg (positions 1.5 to 18) has long been regarded 
as a binding site.45 

The replacement of tryptophan by phenylalanine in 
Gln5-@-corticotropin1-*o amide compound (XIX) is 
accompanied by a marked diminution of a n  uivo adren- 
ocorticotropic activity. The biological potency of the 
analog \vas 2 to 3% that of porcine @-corticotropin 
irrespective of whether activity was determined by 
adrenal ascorbic acid depletion or steroidogenesis. The 
iri v i t ~ o  melanocyte expanding activity of XIX was lo7 
,\ISH units/g. 

Interpretation of this finding is not possible on the 
basis of available information, but  poor binding to the 
receptor(s) may explain the low potency of XIX. The 
observation that XIX exhibits some biological activity 
argues against a direct functional involvement of the 
indole ring. The previously mentioned inactivation of 
@-corticotropin by p-dimethylarninoben~aldehyde~~ may 
also be the result of poor binding to the receptor(s) of 

u / g  to 1 x 107 u / g .  

(42)  I). Chunp and C. H. Li. J .  dmer .  Chem. Soc.. 89,4208 (1967). 
(43)  G. I. Tesaer and  TV. Rittel. Rec. T r w .  Chim. Piiyr-Bus.. 88, 5 5 3  
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(45) I<. flofmann. Bruobhui,eri Sump. Biol., 13, 184 (1960). 

the p-dimethylaminobenzylidene-@-corticotropin deriv- 
ative which is presumably formed. 

Irrespective of interpretation the available data point 
to the sequence Arg-Trp (positions 8 and 9) as a "sensi- 
tive" region of the hormone molecule. 

Steric incompatibility to form a functioning hormoiie- 
receptor complex would explain the biological innert- 
ness of ~ - G l u ~ - ~ - H i s ~ - ~ - P h e ~ - u - ~ % r g ~ - ~ - T r p ~ - @ - c o r t i c o -  
tropin1-2437 (VIII), but the observation by Birnbaumer 
and Rodbel14'j that this compound antagonizes p-cortico- 
tropin competitively in rat fat-cell ghosts argues against 
this interpretation. 

Evaluation of the effect of amino acid replacements 
on biological activity has not yet produced meaningful 
answers pertaining to specific amino acid residues which 
are connected critically with the biological activity of 
the p-corticotropin molecule. IIoreover, these studies 
have contributed little to an understanding of the mode 
of action of this hormone. I l any  of the recorded sub- 
stitutions have resulted in compounds which retain bio- 
logical activity and in some instances (peptides 11, IV, 
and V) adrenal ascorbic acid depleting activity was 
apparently enhanced. This apparent enhancement was 
attributed to increased resistance of the analogs to cer- 
tain proteolytic enzymes, particularly aminopeptidases, 
with concomitant prolongation of action. When 
administered i.m. to man, the steroidogenic potency of 
peptide I1 was lower than that of porcine @-corticotropin 
and the synthetic peptide was not longer acting.4i 

A meaningful explanation of structure-function 
studies depends on the discovery of a more refined in 
vztro test system which will allow the differentiation 
between binding and function and which should elimi- 
nate the uncertainties inherent in the testing of these 
compounds in highly organized biological systems.i 
Exploration of the chemical nature of the ACTH recep- 
tors appears to offer a promising approach since ignor- 
ance pertaining to these structures retards progress in 
this field. 
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