Jan. 20, 1959

tirely consistent with the results found in the pres-
ent investigation, which was carried out at slightly
higher temperature, where the mid-point of the
curve is found in the range 9.92-9.98.

Electrostatic Interactions,—Values for the elec-
trostatic parameter w (see equation 1) are presented
in Table III; limits of reliability, accounting for
randomness of the data, are also included. In the
carboxylic region, however, a definite curvature ap-
pears in the plot of (pH vs. log r/(n — r)) versus
(—2Z) (¢f. Fig. 5). Deviations from the linearity
implicit in equation 1 could arise from any one of
the following reasons, or from a combination.

TasLE 111

VALUES OF THE ELECTROSTATIC PARAMETER (w) 1N CoORTI-
COTROPINS

Sheep and beef
corticotropins,
desalted samples

0.090(0.080-0.099)

Nature of the
group

Carboxylic

Sheep e-corticotropin
trichloroacetate

0.086(0.076-0.096)¢
Phenolic 0.034(0.026-0.042) 0.025(0.010-0.040)
e-Amino 0.027(0.013-0.041) 0.039(0.025-0.053)
@ The 959 confidence interval is given in parentheses.

First, it might be an oversimplification to assume
a single pK; value for all carboxylic groups. In-
deed, four of the carboxyl groups appear in the very
unusual sequence —Glu.Asp.Asp.Glu- in cortico-
tropin.® Alternately, the value for Z obtained
from the titration curve might be inadequate, if
pH-dependent ion binding occurs. In view of the
significant differenice between isoionic and isoelec-
tric pH, this alternative possibility must be con-
sidered. Finally, it might be that the value of w
is not constant throughout the pH range of from 3
to 6. Since the w factor is directly related to the
size and shape of the molecule,? this would mean

(26) C. Tanford, J. Phys. Chem., 89, 788 (19553).
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that a-corticotropin is endowed with appreciable
deformability or flexibility.

The very large difference in w observed between
the acidic and the basic portions of the titration
curve also favors this latter view. That this dif-
ference is real is indicated by a significant departure
of the data from a titration curve calculated with a
constant value of w throughout, the same value as
that of the carboxylic groups (dotted curve in Fig.
2); in order to obtain a reasonably close fit between
the data and the calculated curve around pH 12, the
very unlikely value of pK; £ 11 would have to be
used for the guanidino groups. However, agree-
ment between calculated and observed values is, as
expected, extremely close if the set of values for w
given in Table III are used (solid curves in Figs. 2
and 3). The change in w might in part reflect the
variation between values for the sedimentation
constant measured in acid and in alkaline solu-
tions.”” By means of equations discussed by Tan-
ford,?¢ it is calculated that a change of w from 0.09
to 0.035 (or 0.025) would correspond to an in-
crease in molecular weight by a factor of at least 5
(or 10) if the molecule is assumed to retain spherical
symmetry and to undergo no change in hydration.
Actually, a spherical, unhydrated molecule of the
size of corticotropin would have a value for w quite
different (namely, 0.17) from those recorded in
Table III. Figure 5 clearly indicates that the
model of a rigid sphere becomes a reasonable ap-
proximation only in the neighborhood of the isoelec-
tric pH. Accordingly, it seems justified to assume
that the molecule has a compact configuration in
the pH range of limited solubility but undergoes
some expansion outside of this range.

(27) C. H. Li and H. Papkoff, unpublished experiments.
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The following peptide fragments have been isolated from chymniotryptic digests of a-corticotropin and identified: Ser.Tyr;
Ser(Tyr,Ser,Met,Glu)His.Phe; Arg.Try; Arg(Try,Gly,Lys,Pro,Val); Gly(Lys,Pro)Val.Gly.Lys; Lys{(Arg:;Pro)Val; Lys-

(Glus,Asps,Alag, Val, Tyr,Pro,Gly,Ser ) GluNH;. Ala.Phe; Ala(Phe,Pro)Leu; and Glu.Phe.
. One of the two amide groups in the peptide hormone has been located as
The specificity of chymotryptic hydrolysis of peptide bonds has been discussed.

with the proposed structure for a-corticotropin.
glutamine at amino acid position 33.

The structure of a-corticotropin has been deduced
from peptide fragments isolated after cleavage of
the hormone by means of peptic, tryptic and acid
hydrolysis.®* The peptide pattern obtained when

(1) This work was aided in part by grants from the National In-
stitutes of Health of the United States Public Health Service (G 2807)
and the Albert and Mary Lasker Foundation. For Paper XIII of
this series see C. H. Li, R. D. Cole, D. Chung and J. Leonis, J. Biol.
Chem., 227, 207 (1957); and for Paper XIV see C. H. Li, J. S. Dixon
and D. Chung, THIs JOURNAL, 80, 2587 (1958).

(2) Fulbright Grantee 1955-1957, on leave of absence from the Uni-
versity of Brussels, Belgium.

(3) C. H. Li, 1. I. Geschwind, R. D. Cole, I. D. Raacke, J. I. Harris
and J. S. Dixon, Naiure, 176, 687 (1955).

These sequences are consistent

a-corticotropin was digested with chymotrypsin,
however, was so complex that only relatively lim-
ited information could be derived from it during the
early stages of the structural investigation; and,
indeed, the data presented here indicate that the
number of peptide bonds susceptible to the enzyme
is unexpectedly high. Furthermore, since the rate
of splitting of susceptible bonds seems to differ and
also to vary with the average extent of digestion, it
was found that isolation of the resultant peptides
in nearly stoichiometrical amount could not be ex-
pected. It is the purpose of this paper to demon-



420

02 - 85100260 2 80" 4
Hours
e H 8 5 ¥ ot pH Sl

Fig. 1.—Separation by electrophoresis on paper of the
peptide mixture after digestion of a-corticotropin with
chymotrypsin at pH 8.5 and 9.0 for different time intervals.
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times crystallized a-chymotrypsin (Armour, Lot 381-092)
in 0.25 ml. of a 0.2 M ammonium acetate-ammonia buffer,
at a temperature of 40°, but at two different pH’s (8.5 and
9.0) and for differing time intervals (0, 2, 5, 10, 24 hours).
After the designated intervals had elapsed, 0.05-ml. ali-
quots were removed, immmersed int a boiling water-bath for 5-
10 minutes and applied to Whatman 3 MM filter paper strips
for fractionation by electrophoresis. Zone electrophoresis on
paper was carried out in a Spinco apparatus® for 7 hr. at 200
volts, with a collidine-acetic acid buffer® of pH 6.5. Figure 1
shows the peptide pattern obtained after development with
ninhydrin.

For preparative experiments, the time interval chosen was
24 hr. and the pH, 9.0. Seven and one half micromoles of
a-corticotropin trichloroacetate and 0.046 micromole of a-
chymotrypsin, dissolved in 5.1 ml. of ammonium acetate-
ammonia buffer of pH 9.0 were incubated at 40° for 24 hr.
The whole digest was applied as a band to the paper and
then submitted to electrophoresis as described above, for 10
hours. Peptide bands, numbered as in Fig. 1, were located
by means of narrow guide strips developed with ninhydrin;
bands 1 to 7 were eluted separatedly with 3% aqueous am-
monia and were then submitted twice successively to purifi-
cation by chromatography on Whatman No. 1 filter paper.
The solvents used were n-butanol/pyridine/acetic acid/
water” (for basic and neutral peptides) or n-butanol/
acetic acid/water® (for acidic peptides), followed in either
case by n-butanol/formic acid/water.? Both paper electro-
phoresis and chromatography were carried out at room tem-
perature. Figure 2, a facsimile of the pilot chromatograms,
shows the separation that was achieved.

After the final chromatography in n-butanol/formic acid/
water, the purified peptides were eluted and submitted to
analysis by means of the paper-DNP method® of Levy,! to
identify the amino acid residue at the N-terminus and to as-
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Fig. 2.—Paper chromatography of fractions obtained from paper electrophoresis (bands are numbered as in Fig. 1): (a)
neutral and basic peptides, first solvent; (b) acidic peptides, first solvent; (c) all peptides, second solvent. In the preparative
experiment, in which the first solvent was used, bands 1, 2 and 6 were chromatographed for 3 days and band 3 for 2 days.
Bands 1, 2a, 2b, 8 and 5a only were rechromatographed in the second solvent (for 8 days). First solvent, n-butanol/pyridine/
HOAc/H,0 (30/20/6/24): second solvent, n-butanol/HCOOH /H,0 (75/15/10).

strate that those peptides that have been charac-
terized in the present study are nouetheless entirely
consistent with the whole amino acid sequence pos-
tulated for a-corticotropin.?

Experimental

Isolation and Analysis of Peptides.—During the explora-
tory phase of this study, comparative enzymic digestions
were performed. Ca. 2 mg. of ovine a-corticotropin tri-
chloroacetatet was allowed to react with 0.05 mg. of three

(4) C. H. Li, I. I. Geschwind, J. S. Dixon, A. L. Levy and J. I-
Harris, J. Biol. Chem., 2138, 171 (1955).

certain the complete amino acid composition. Analysis at

(5) F. G. Williams, Jr., E. G. Pickels and E. L. Durrum, Science,
121, 29 (1955).

(6) G. G. F. Newton and E., P. Abraham, Biochem, J., 58, 103
(1954).

(7) S. G. Waley and J. Watson, ibid., 55, 328 (1953).

(8) S. M. Partridge, #bid., 42, 238 (1948).

(9) R. Acher, J. Chauvet, C. Crocker, U.-R. Laurila, J, Thaureaux
and C. Fromageot, Bull. soc. chim. biol., 36, 167 (1954).

(10) The quantitative estimation of amino acid content by means of
2-dimensional chromatography on paper of the dinitrophenylated de-
rivatives of the amino acids liberated after acid hydrolysis of the pep=
tide or protein under investigation.

(11) A. L. Levy, Nalure, 1T4, 126 (1954).
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TaBLE 1
COMPOSITION AND STRUCTURE OF NEUTRAL ANXD Basic PEPTIDES

Pep- Other constituent Amino acids as  Recov-

tide N-terminus®? amino acids® C-terminus® ¢ contaminants® ery,d 9, Proposed structure

5b Ser(0.8) Tyr* Ll 35 Ser.Tyr

Sab Ser(0.4)  Ser(1.0),Met(0.9), C (semi-quantitatively) Gly(0.2) 60  Ser(Tyr,Ser,Met,Glu)His.Phe

su(1.1),His(0.9), ...His.Phe

Phe(1.0),Tyr*

5¢ Ala(1.0) Phe(1.0),Pro(1.0). C: Leu(1.0),Pro(0.02) ... 10  Ala(Phe,Pro)Leu
Leu(1.0)

4 Ar(1.0) Ty 25 Arg.Try

2a Gly(0.8) Lys(1.8),Pro(0.6), C:Lys(0.14),Gly(0.11), ..... 15 Gly(Lys,Pro)Val.Gly.Lys
Val(1.3),Gly(1.3) Val(0.05)

2aH.0 Ag(0.7) Gly(1.1),Lys(0.6), ..... Asp + Glu(0.1) 10  Arg(Try,Gly,Lys,Pro,Val)
Pro(1.2),Val(l.1),
Try’

2b Lys(0.5) Arg(1.9),Pro(0.9), H:Val(0.27) Gly(0.1), 40  Lys(Arge,Pro)Val
Val(0.9) Lys(0.2)

@ Recoveries in residues per mole of peptide are given in parentheses.

b Corrected also for breakdown during hydrolysis.2?

¢ Considered significant if in the amount of at least 0.1 residue/mole of peptide.© ¢ Computed from amino acid analysis, and

corrected for obvious operational losses (guide strips, pilot runs, etc.). ¢ Detected with a-nitroso-g-naphthol.!* / Detected
with p-dimethylaminobenzaldehyde.’® ¢ H: Hydrazinolysis; C: Carboxypeptidase.
TaBLe 11
COMPOSITION AND STRUCTURE OF AcIpic PEPTIDES
Peptide 7b b Ge 6d be
N-terminus®? Lys . 0.3 0.3 0.2 0.3
Glu 1.0 . .. .. ..
Other constituent amino acids® Ala 2.3 3.0 3.0 3.0
Glu 2.6 2.7 2.9 2.8
Asp 1.8 2.2 1.9 1.9
Pro 1.0 0.9 1.3 2.0
Ser 0.9 1.0 1.0 0.9
Gly 1.2 1.2 1.0 1.1
Val .. 0.8 1.0 0.9 0.7
Phe 0.8 0.6 1.1 0.8
Leu . 0.4 0.7
Tyr ¢ ¢ ¢ ¢
Amino acids as contaminants® Lys .. 0.2 0.4
Leu 0.2 0.2
Phe 0.1 ..
C-terminus (carboxypeptidase) Phe(0.46)
Ala(0.39)
GIluNH,(0.23)
Recovery, %? 60% 5% 5% 5% 20%

Proposed structure 7b Glu.Phe

6b  Lys(Glus,Asps,Alas, Val, Tyr,Pro,Gly,Ser)

6c  Lys{Glus,Asps,Alas, Val, Tyr,Pro,Gly,Ser).GlulNH,.Ala.Phe
6d Approximately */; of 6c 4 1/; of 6e

6e Lys(Glus,Asps,Alag, Val, Tyr,Pros,Gly,Ser,Phe,Leu)

4 In residues per mole of peptide.
a-nitroso-B-naphthol.'*

the C-terminus was performed on those peptides isolated in
high enough yield, either by digestion with carboxypepti-
dase!? or by hydrazinolysis.¥ Color reactions were also
used to confirm the presence in some peptides of tyrosinel* or
tryptophan.ls

Proposed Structure of Peptide Fragments.—Of all the
peptides obtainable in purified form from digests after suc-
cessive fractionation by paper electrophoresis and paper
chromatography, only those which showed a fairly intense
reactivity with ninhydrin!® were submitted to complete
analysis. The combined results of the analysis of these pep-

(12) J. 1. Harrisand C. H. 1i, J. Biol. Chem., 218, 499 (1935).

(18) C. I. Niu and H, Fraenkel-Conrat, THis Journal, 77, 5882
(1955).

(14) R. Acher and C. Crocker, Biochim. et Biophsys. Acla, 9, 704
(1952).

(15) 1. Smjth, Nature, 171, 43 (1953).

(16) These are indicated by shaded areas in Fig. 2.

b Corrected only for breakdown during hydrolysis.?
4 Computed from amino acid analysis and corrected for losses during purification.

¢ Tyrosine was detected with

tides for amino acid composition, and for N- and C-terminal
residues, are presented in Tables I and 11, together with their
proposed structure. R, values of these peptides in three
solvent systems are also given (Table I1I).

Certain peptides appear in Fig. 1 and 2 but are not in-
cluded in Tables I and II, since somie difficulties were en-
countered in their analysis. However, there are some per-
tinent comments that should be made here about them.
The peptide in electrophoretic band No. 1 (Fig. 1) became
insoluble upon dinitrophenylation and was subsequently
difficult to handle for analysis; its properties, including a
high positive charge and low R; values (see Fig. 2a and C)
would point to a fragment derived from the basic sequence. . .
Lys. Lys. Arg. Arg. . . .in a-corticotropin. Peptides 2a and
Zamy0 could not be resolved by the z-butanol/formic acid/
water system but were separated after dinitrophenylation of
the mixture when it was discovered that DNP-2ag,o is
water soluble whereas DNP-2a is soluble in ether. Peptides
in band No. 2 seem to contain a variable number of basic
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TasLE III

CHROMATOGRAPHIC BEHAVIOR ON PAPER OF CERTAIN PEP-
TIDES (R; VALUES)
——Solvent®c—- -

Pep- Sol- Sol-

tide ventb ventd This

no. ¢ Proposed sequence 1 2  paper White?s
706 Glu.Phe .. 0.53 Arg Arg

4 Arg. Try 0,44 .26 Val Val
Ab Ser.Tyr .43 .27 Pro Pro
ae Ala.Phe.Pro.Len .80 78 .. 1.4 X Phe
24 Gly.Lys.Pro.Val.Gly.Lys .07 .01 Gla
2b I,ys Arg. Arg Pro.Val .12 01 Glu
2ag,0 Arg.Try.Gly.Lys.Pro.Val .07 .01 Glu
da B Ser. Tyr.Ser.Met.Glu.His,Phe .23 06

a See Fig. 2. ?Solvents: (1) n-butanol/pyridine/acetic
acid/water®; (2) n-butanol/formic acid/water?; (3) s-butyl
aleohol/ammonia.® ¢ Since this svstem is used in such a
way that the position of the solvent front cannot be deter-
mined, R; values are given as in reference 28 in terms of the
nearest amino acid.

residues (compare 2a with 2b, for instance); - this is presum-
ably related to the fact that there are two overlapping zones
in band No. 2, easily recognized by visual inspection of the
ninhydrin spot, although impossible to resolve with the
present techniques. Although judging from ninhydrin
color the peptides in band No. 3 seem to be present in rea-
sonable amounts, their component amino acids could not be
clearly identified. That these peptides (in band No. 3) ap-
pear in the early stages of digestion and subsequently de-
crease in amount, seems to indicate fragments of rather large
size. Among the peptides in band No. 5, spot baa gave
analytical values that suggest a long peptide extending from
position 16 to 37 (Table IV); however, because of the low
recovery and high complexity of this material, it was not
possible to ascertain its complete structure. Band No. 6
contains a family of related peptides, decreasing in length
toward the C-terminus.

Considering the large variety of C-terininal amino acids
encountered in the products of digestion, one must conclude
that the action of chymotrypsin was not restricted here to
hydrolysis of peptide bonds involving the carboxy! groups of
aromatic amino acids.’” However, the yields of all peptides
were not comparable; there was a series of peptides liber-
ated in relatively low vield, and with a good deal of overlap-
ping in structure. This overlapping does serve to provide
helpful clues to the position of peptides relative to one an-
other, thus facilitating elucidation of larger segments of the
molecule.

Partial Structure of a-Corticotropin Derived from Chymo-
tryptic Digestion.—The one methionine residue and one his-
tidine residue that are present in a-corticotropin!® are found
in peptide 5ab; the partial sequence Ser (Tvr, Ser, Met, Glu)
His.Phe (which will be designated 1) accounts as well for one
of the two tyrosine and two of the three serine residues in
the molecule. The third serine is common to peptides of
family No. 6 (Table II), where it is always bracketed by
other amino acids; if the serine at the N-terminus of the
liormonel® is taken into account, sequence () must then oc-
cur at the amino end of a-corticotropin.

Peptides 6b, 6c, 6e and 5c¢ can be seen to derive from an-
other single sequence of the molecule, as follows: Lys(Alao,-
GluAsps, Val,Tyr,Pro,Gly,Ser) GluXNH,.Ala.Phe.Pro.
Leu(2). This sequence accounts for the single leucine and
the three alanine residues present in a-corticotropin, as well
as for the second tyrosine and the third serine not accounted
for by sequence (1).

Peptide No. 7b, Glu.Phe, represents a third sequence,
which, together with the other two, accounts completely for
the three phenylalanine residues in e-corticotropin.!® One of
these phenylalanines is C-terminal in the hormone®; it
cannot belong to sequence (1), which was just shown to be
at the amino end of the molecule, nor to sequence (2), since
here phenylalanine is bracketed hy other residues. The

(17) a-Corticotropin contains 1 resicue of tryptophan, 2 of tyrosine
aid 3 of phenylalanine. 8

(18) A, L. Levy, I I Geschwind and C. H. Li, J. Biol. Chem., 213
187 (1855).

(19) A I,. Levy and C. H. Li, 4bid., 213, 487 (1935).

(20) J. L. Harris and C. H. Ii, ibid., 213, 199 (19353).
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sequence Glu.Phe(8) must consequently be placed at the
carboxylic end of a-corticotropin.

The single tryptophan residue of the hormone is found in
peptide 4 and in peptide 2ag,0 (Table I), both of which
must derive from a common sequence (Arg.Try(Gly,Lys,
Pro,Val)). This together with sequence (2) locates two of
the three glycine residues in the molecule. Peptide 2a also
has the glycine residues and consequently must possess a
section in common with either peptide 4 or peptide 2an,0;
its structure Gly. . . .Gly.Lys, however, rules out any con-
nection with sequence (2). It must be concluded that pep-
tides 2a, 2am.0 and 4 all arise from the single sequence Arg.
Try.Gly(Lys, Pro)Val.Gly.Lys(4).

Peptide 2b affords the remaining sequence, Lys(Arg,,Pro)
Val(5), necessary to account for the complete amino acid
composition of the whole molecule.’® From the presence of
peptide 5aa (see discussion of this peptide), it may be con-
cluded that sequence (5) and (2) were originally linked. For
the following discussion, it will be helpful to arrange se-
quences (1) to (3) in the order indicated by previous work on
a-corticotropin with other enzymes®? (Table IV).

‘With respect to location of amide groups, these experi-
ments show that one appears at position 33 and that none
occurs at position 5 or 38. The second amide group known
to be present in the molecule8 consequently should be sought
in the sequence Glu.Asp.Asp.Glu (positions 27 to 30).%

Aspects of the Specificity of Chymotrypsin.—Primarily
intended as a structural investigation, this study also yielded
some observations concerning the specificity of chymotryp-
sin. When subjected to proteolysis, a-corticotropin does
not evince some of the usual complications associated with
more typical proteins, since it lacks a secondary structure??
and contains no —S-S bridges.® In other words, digestion of
the peptide hormone could neither involve denaturation steps
nor lead to an enzyme-resistant core, which makes the situa-
tion considerably simpler.

In agreement with early work on small synthetic sub-
strates, the peptide bonds in e-corticotropin that involve aro-
matic amino acids usually were hydrolyzed by chymotryp-
sin. Two expected breaks, at the —Tyr.Pro— and —-Met.-
Glu-bonds, did not occur, but in both instances, conditions
unfavorable to the action of the enzyme are persumably in-
troduced by the other partner in the bond (¢f. 23). Recent
work with proteins of small size, insulin,?* ribonuclease? and
lysozyme,? further indicated the possibility of splitting after
a leucine, a valine or an amide of dicarboxylic acid; exam-
ples of such breaks were indeed observed here.

It is of interest to note that the liberation of peptide 4 (or
opening of the bond Phe-Arg) occuirs earlier than the libera-

7 8
tion of peptide 6¢ (or opening of the bond Phe-Pro) (Figs. 1
35 36

(21) R. D. Cole, C. H, Li, J. L. Harris and N, G. Pon, J. Biol. Chem.,
219, 903 (1956).

(22) C. H. Li, Adv. in Protein Chem,, 11, 101 (1956).

(23) H. Neurath and G. W. Schwert, Chem. Rer., 46, 69 (1830).

(24) F. Sanger, E. O. P. Thompson and H. Tuppy, "Symposium sur
les Hormones protéique,” 1952, p. 26; 2nd Internat. Congress of Bio-
chemistry, Paris,

(25) C. N. W. Hirs, W. H. Stein and S. Moore, J. Biol. Chen.., 221,
151 (1936).

(26) R. Acher, U.-R. Laurila ana C. Fromageot, Biochim. el Bio-
phys. Acta, 19, 97 (1956); T. L. Hurst and S. W. Fox, Arch, Biochem.
and Biophys., 63, 352 (1936).
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and 2b). Furthermore, the Val-Gly bond is resistant to
13 14

chymotrypsin whereas Val-Lys (peptide 2b) is susceptible to
20 21

the action of the enzyme. These results would seem to indi-
cate that a neighboring positive charge increases the suscep-
tibility of the bond to the enzyme. This might possibly be
related to the opposite effect, namely, the well-known inhibi-
tion by a negative charge of substrate activity in small mole-
cules.®? Besides, it becomes tempting to speculate whether
the splitting of a -Lys.Lys—bond in a-corticotropins by chy-
motrypsin, which has also been observed by others? and
usually has been attributed to some contaminating trypsin,
could not arise from this charge effect and be inherently due
to the chymotrypsin itself.

Even the very short time required to inactivate the enzyme
immediately after it is mixed with the e-corticotropin is
sufficient to produce some breakdown of the hormone. In-
deed, preliminary studies indicate that more than half of
the —Phe.Arg- bond (see Table IV) are cleaved within that

7 8

period, a reaction which is seen to liberate two peptides, one
short and neutral (positions 1 to 7), the other very long and
somewhat basic (positions 8 to 39). This is evidenced by
two spots recognizable after paper electrophoresis of the
digest at time '‘zero’’ (Fig. 1). The peptide pattern is also
seen to depend somewhat on the pH at which proteolysis by
chymotrypsin is conducted (Fig. 1); the temperature might
be a further variable of the system.

With these effects in mind, it becomes less puzzling to ob-
serve significant differences in the results of investigations on
related corticotropins. Using chymotrypsin at a pH of 7.8
and 25°, with a rather low enzyme/substrate ratio, Shep-
herd, et al.,?” obtained evidence of splitting at only five bonds
in the polypeptide chain (the first five in Table IV). The
very high recovery of peptides, quantitative in nearly all cases,
points to an extremely sharp specificity on the part of chymo-
trypsin under these conditions. White, ef ¢/.28 using a higher
temperature and a lower pH, found evidence for a further
cleavage at the —Val.Lys— bond. The substrates in these
studies, namely, 8-corticotropin and corticotropin-A, were
both obtained from hog glands but by different isolation pro-
cedures. They both differ from sheep e-corticotropin at
positions 33-34, where a susceptible-GluNH;. Ala- bond is
present instead of the chymotrypsin-resistant linkage -Glu.-
Ala—, which is encountered in the porcine hormones.? On
the other hand, the porcine corticotropins possess large seg-
ments that are identical with their counterparts in a-cortico-
tropin, from positions 1 to 24 and also from 33 to 39; yet,
only in the ovine hormone do the -Val.Gly— and —Phe.Pro—
bonds that are located in these areas of identity evince some
susceptibility to chymotrypsin.® This again might well
arise from differences in the conditions of reaction, or, al-
ternately, it might be taken to indicate that the influence
of structure upon rate of digestion extends significantly be-
vond the two partners of the bond being broken.
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