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,'The Place of Histidine in the Protein Molecule

by
Garret J. Boone

The Biochemicel Laboratory, University of Cineinnati,

Cincinnati, Ohio.

The physioIOgical 1mportance of histidine and
1ta derivative, histamine, is s0 great that the question .
of the position of this amino acid in the protain mole~-
cule and the manner in which 1t is united to the other
amino acids 1s one to which an answer is urgently de-
| sired.‘  Is the carboxyl group of the acid free? Or
is 1ts‘amino group freef? Or are both of them substi-
‘tuted by other amino acids? | o ‘
| f ‘As regards the physiological 1mportance of ‘this
heterocyclic amino acid, it will be recalled, that _pro-.
~tains which produce anaphylaxis usually, if not always,
have histidine in their molecule. - And proteins which |
lack histidine do not usually produce anaphylaxis,. In‘
fact, there ia on record. only a. single observation in
which a protein or 1ts decompoaition products have been

',reported as. possessing the power or aensitization when
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-these prote1n products'lacked'histidina. A1l other .
-observefs'havebbeen.unableitd.produce.anaphylact;c
shoék‘with proteins freé‘froh.histidiné. ~ Whether, there-
‘fore, histidine be an absolute necessity for'sang;tiza-‘
tion or not, there can hardly be a doﬁbt‘that'its _
preseﬁce in the pmrotein molecule greatly increases its
power of sensitization, Histidine is thus‘brOugﬁfinto
relation with the phenomena. of immunity, of.defengé
against disease, and with the pathology of all the

sensitization or allergy diseases,
\

Observétiona by Prbfessor.Vaughan.pn,the;toxic
products formed from proteins by‘alkélinelalcoholysis

| point elso to this andnoﬁacid-aa an essential con-
stituent of such toxic products. The toxic protein
defivativos‘he obtained from the bodies of bactpria,
from egg albumin and other proteins all gave a véry |
strong color reaction indicating the,préﬁence ofifhe
imidazole ring in this toxin. Histidine, as 1is wéll‘
‘known, is the principal amino acid, and often the only
amino acid, which contains this ring in: proteins. The
reaction indicates, therefore, the presence of histi-
dine in Vaughan's material. The composition of‘thiAA
toxic material has never been adaduately.atudied and
explained altho, ﬁs,willjappear,in the historical
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part, some very 1ntarestihg work has been done upon it.
 Some years ag'o‘.M'r. Charles G. Merrell, ﬁreside_nt
of the William S. Merrell Chemical Company of Cincinnati,
>‘becom1n.g greatly interested in the so-called non-specific
protein therapy so widely used at that time abroad, and
now also in this country, desired to have investigated
the way ‘protéins foreign._to the body acted;..when intro-
duced parenterally, in other words other than by the.
digestive system, into the animal economy.” It is well
known that such proteins or their- split products may pro-
duce under thsse ,circumatances..a:,varie ty of symptoms,
such as _fév'er, laucocyti_:sis, eryth:ocytosis., and so.on,
az;d their irijeotion is '.mmetimes followed ‘by a.nxarkgd |
' émelioration Qf pathological ajmptoms. . Mr. M._erreill‘.
gave, on behal.f of the William S. Merrell. Compariy, a sum
or‘n;oney annually to the Biochemical .Departme.,nt, of the
Uﬁiversity of Cincinngti’, to form a fellowship’.which‘i‘.'s
called the Merrell Fellowship. |
' In the course of these investigations in this

laboratory it was found by Dr. C. A, Mills (29) that a.
complex protein derived from caiv.es' lung, containing nd
histidine, would not aansitize,gzirﬁa. piés....‘ :This |
directed attention to histidire as the.essential element
in sénsitization.phenomena'and st'xgge,s.ted‘ that it might
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be a necessary constituent in proteins or their de-
'cpmpovsitionv products which had a th.‘erapeuti‘c,.orAphysio-
logical action. - This idea was barne out by other
'facts in the 1 terature. '

Accordingly some four ar five yaars ago, Dr. M.
Isaacsl_ (22), while he was Merrell Fellow, started to pre-~
pare_. Vaughan's toxic protein at the suggestion of Pro-
fessor Mathews. He made the discovery,'inb tfxe cdurse
of his observations, that histidine, or something
giving,g very powerful imidazol reaction, wes derived
from proteins by alkaline alcoholysis in the first few
minutes of the lyaia’,and .before the molecule had beén
extensively digested. by the alkali.

This. suggested that histidine might be a terminal
amino ac:ld, or one which for some other reason.was. most. |
easily split off from ‘the rrotein molecule.  Professor
Mathews gave me the problem of discovering whether this
was actually histidine 'which_was thus quickly split out
of the molecule; whether it was ths only amino acid set
free at this time or whether some othars accompanied
‘1“&,‘ whether the histidine» had its carboxyl. group free
or combined, by determining whether the histidine thua
set free had. its full optical activity or had been -
racemizad. If the carboxyl group was free and histidine

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



tefminal it was expected that the histidine thus set
free would 'be optically active; if the carboxyl was.
combined or substituted 1t was.expected:that,thé'

| histidine would be racemized. I was also to '.See
whether all proteins ylelded histidine easily or only
some of them. |

. The results showed that histidine is indeed

- split off from‘several‘proteins-very early in the .alco- |
holysis by sodium alcoholate; that the. histidine thus
set free is often accompenied by tyrosin and .leucine,
suggesting that the two or three are in close“ﬁssoci-.—
atiom in the moleculs; that the histidine thus set free‘
.1s but a part of ths total histidine in fhe molecule;
that the histidine £irst split off by alkaline alco-
holysis 1s practically of full optical activity, whereas
that  set fre’ev“fby aubsgqi;nt acidi‘hydr‘olysis,.{.of...,tha;.,un-'
hydrolysed residue of the alkeline alcoholysis is to

& considerable degree racemized, altho not entirely so.
The se facts indlcate, therefore, that a ,p‘ar‘t;o:‘.t.he
histidine in the proteins étudied,occupies.,‘eithv‘er.‘ a
terminal or pe‘ripher'al position in the moleoula .with -
i_ta‘ca‘ij.oxy:‘l group free.. Thj.S féqtlmay ,e'xplainlthe'
~great ease with wh;chv_histidina, or histamine is split
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off fram the protein molscule. and why these substances

And.particularly‘histamina,appeara.so regularly in ox~

‘tracts of glandular and other organs even when these
_extracts are prepared by very weak acid. = It is
“brobable, also, that if any amines are formed by de-

carboxylation in the mroteins histamine will be one

of those formed most ea{éily;

I wish to. express here my gratitude to the

William S. Merrell.Company for the generousvrellowship

they' hafre provided to make this‘ work possibie,~ md to

Professor A, P. Mathews for suggesting and guiding this

problem..

-Historical

The toxicity of proteins or their cleayaée
products has been variously explained. As Underhill
(47) sa&s'”aimost7evaryjstudy along this line points to
a different amino acid as the cause of the 'peptone’
effect”. Much of the. eerlier work on the physiological
'action of protein derivatives was carried through, with
proteoses prepared from Witte 8 peptone.  Schmidt - -
Mulheim (39), in trying to discover the fate of'peptone
in the blood (1t being assumed at that time that

pgptones were absorbed as such from the alimentary canal)
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found that the intravenous injection of Witte's peptone
caused in dogs striking physiolbgical.effe,c.ts;., - The
most noted among these were (1) an inhibitory action on
the coagulation of the blood, and (2) a rapid and marked
reduction in blood pressurs. The suggestion was made
that the toxic body exists preformed in the animal
tissues, and passés unchanged to the proteoses. either by
say of £ibrin or pepsin. Chittenden, Mendel, and
Henderson (1) found that proteoses mgda‘-by‘u'aving'

" papain, or superheated water or acid {vere qui?:e as toxic
as those made from Witte's peptcne. .‘

‘Plck and Spiro (35) believed that the: physio-'
loglcal action of the proteoses was not a property of
pure proteoses, but; wés caused by an adhefiﬁg f:oxic
substance which they called 'peptozyme“.- - They thought
that 1t was present in the animal tissues as & "pepto-
‘zymogen".  To support their conclusions they claimed
that edestin and casein did not yleld poisonour pro-
tepaes“under arw.’,circumtan.ces,,.‘and' ,ttmf h;}dr.olysia.‘.by '
alkali- or tryptic digést im faile.d‘ to ‘form toxic products,
They. were able t.o dastroy the poisonoua prope rtiea of )
their digestion mixtures by boiling with. 50 per. cent
’alcohol which had been made alkaline with sodium .

hydroxide.
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Underhill (1903) (45) states that Pick and
Spiro failed to separate the proteoses in their ex-
periments and did notiknow whether the material which

"they injected conta;ned any noticeable amount of pro-

. teoses. He pointed out the hydrolytic actiom of sodium
hydroxide on proteoses, inferring that the loss of
toxicity when protecses were treated with alkaline al-
¢ohol was due to their destruction, He obtained toxic
profébses by digesting crystalllzed vegetable proteins
with enzymes, or:bj'qcids and superheated water, to
demonstrate that poisonous proteoses arefformed,from |
pure proteiq. He injected ths undigestqd‘proteins to

“ghow that they contalned no adhering toxic impurity.

 Popielski (36), contjinuing the WOrk'with:al-
coholic extracts of commercial 'peptone#“_and;of the
separated proteoses, regarded the toxic portion of
proteoses as a distinct compound to which he gave the
name "vasodilatin®, It was characterized by its solu-
bility in aloohol, its protein mature, and a physio-

. logical action suggestive or.B-iminazo;ylethylaﬁine..«
Though the toxicity of alcoholic. extracts of.proteose
'prepafations had;been clearly shown, thiq.methpd of
dlstinguishing the nature of the toxic substance fails,

as certain of the proteoses are soluble in alcohol.
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Pfaundler (32) .1solatéd from the products of the-
peptic digestion of albumin an alcohol soluble product
that was precipitable by mercuric sulphate but not by
"alkaloidal reagents, and which dissociated into leucine.
and. a di-amino-acid probably histidine, on being
treated with boiling hydrochloric acid.  He says that
study of these products will give the most imﬁortant
information regarding the chemistry of aibumipa.
Vaughen and his coworkers (50, 51) have greatly
increased the interest in toxic mrotein products. Most
~of Vaughanv's preparations were made with the toxins
obta ined by alkaline alcoholic hydrolysis of proteins.
The toxin or toxins thus secured are often referred to
as "Vaughan's Crude Soluble Poison". |
Vaughan's method' follows:- '

. To a wéighed amount of protein 15 to“25 times
its weight of absolute alcohol containing 2 per c‘ent
sodium hydroxide is added, ‘8 reflux condenser 1;,
attahoed and the flask with its contents is heated. on a
water bath for one hour. . Then the undissolved part. of
the. protein is freed from the solution by filtration,

.and 1is .agai"n' placed. in the flask to repeat the proceés
with a fresh mixture of alkali and élco.hbl.a : ‘Th.e .protein
1s treated thus three times, the filtrates combined and
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neutralized with hydrochloric acid.  The precipitate
which contains both sodium chloride and. part, of-thp
| baée is removed by filtration and the filtrate evapo‘r-' ,
ated in vacuo _a‘t-‘,uooito. dryness. This is redissolved
in sbsolute alcohol, filtered to remove ,BOdil;m chloride,
‘a.""d again evaporated to dryness at o° ¢. The gummy
rea‘i'dﬁe 1s_Vau‘ghan's ".Crude .Soluble Poison" s and is
highly toxic,  So small an amount -a8 .8 to 50 mgn’." of
the poison is lethal to guima pigs when given intra-
‘peritoneally.  However, preparations made with stronger
alkalli-alcohol soluti oﬁs' are ot nearly so toxic.. |
Vaughan o‘btained the poison from eggé-ivhite,
| casein, sémm ‘albumin, edestin, Witte's peptone, and the
cellular swstance of many types of bécteri'a..\ ,Pfygr '
(37 failed to find. his-t':amine ar chO:I.iney derivatives. in
‘the poison‘: In the hope  of: ﬁ.nding some. amino acid. that
‘could. be held. responsible he injected intraperitoneally
leucins, glycocoll, alanine, histidine,: glutamic acid,
aspartic acid, tyrosine, phenylalanine, -and-tryptophane
‘with negatlve results. . He then a‘dministeﬁed,,.a..,mixturé
of alanirie'," phenylalanine, glycocoll, leucine, «try‘pi:o- \
phane, glutamio acid, histidine, tyrosine, p.ric acig,
and’ glucose with 1ike success. Koessler and Hanke

have sines shown that in vitro the colon bacillus will:
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convert 50 per cent of the histidirxé in such a mixtura
to histamine.

L Underhill and Hjort (46) realized that Vaughan s
product;in its dry form may contain as much as ten per
cent HCl, = They concluded that Vaughan's crude soluble
pqisbn less the acid it contained was no more. tm:ic.tl;an

: acid alcohol extracts of protsoses.
Heyde (20) V‘believes that methyl guaniﬁina and
guanidine. produce all the effects character‘iatiic of
' proteoses_ and he ‘believed that hisj-.experiinents showed
that ’guanidine and methyl guanidine were responsible for
pr‘ovteose intoxication., These compounds may arise from
argihing; ‘but phis t.ype,éf cleavage of arginine does
not Qrdingrilj occur during the course of proteolysis
pr"ocA‘luoad by enzymes or aclds, Alkali dedqmpéaes
arginine into. p_rnithina and urea, and urea ‘into ammonia,
None of these are toxic except the ammonisa.  If guani-
‘dine and methyl guanidine are responsible for protsose.
M.tnvtox;cat‘ion the. pr.o.taminea should be particularly toxic
on_accou'nt of the large amount of arginine in them,
1 K.naffl-Lenz (23) proposed that the toxicity of
proteoses was due to the tryptophane present m the
.molecule of injected proteose.,  .The proposal was based
on experiments with zein 1n which no tryptophane has been
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found, and gnadmwmch contains very little. = How-
ever, Szumowski (hl), Underhill (45), and Wells and
Osborne (53) found that zeoses gave typical enaphylactic
reactions, -.Underhill and Hendrix (47) attribute Knaffl-‘
Lenz' ‘failure to dtain the characteristic effects with
his preparation t§ ‘the réié’ci‘vely small amount of pro~ -
teoses in his digestion mixtures. | L
In 1910, the extraordinary physiological proper-

ties of p-imidazolylethylamine, or histamine as it is
popularly called, were discovered mdeb'endently. by
Barger ‘and.Dale (6) and by Kutscher (27) as one..of the
active principles of ergot. - The action of this base
was studied by Barger and Daie (5) and D'a],e'-and‘ Laidlaw
(15). They s'ugge;ted.it might be a possible factor in
pr‘cteose‘-intbkicaticg.‘ These workers (5) obtained

~ histamine ‘from the mucosa of the small rint('astine of the
ox, and a':ésign'e‘d‘to. 1t, at least::lnkpart, the depressor
action of secretin, = Isolating, from the intestinal
conténts of the guinea .pig', a bacillus of .the colon- .
typhoid group capable of converting histidine into
histamine, Mellanby and Twort (28) decided that histamixie
418 not a normaliﬁ'owj.ct of the :lntestin‘al,.inmcbsa but
rather a _product of the ba_cterial decompositﬂién of pro-
teins containing histidine. Then Berthelot and. Bertrand
(‘7) isolated from the human intestine an organism that |
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had all the chemical and morphologi-cal characteristics
of Friedlander's pneumo-bacillus amd in addition de~-
carboxylated his tidine to histamine,

~ Abel and Kubota. (2) held the view that histamine
is present wherevér‘living,pr‘oto_plasm existvs, or at .
least whenever it is killed. They believed that hista-
mine appeared ‘whenevez"’;a.truei protein was. split by

~ enzymes, acid ‘or‘otﬁer ‘hydrolyzing agents. They said,:

‘ '?Histéminé ~is ‘the plain musvc"le,stim:lat ing and de-

, pres‘scr,‘con‘stitt‘:ent; of the posterior lobe of the
pituitai'y g_land'%,.-. Hanke and Koessler (18) were unable
to £finmi histami’ne\ in fresh glgnds and explain the posi-
tive findings ‘of Abel and Kubota to: putrefactive changes

~ in the oommercial product investigated by them, Dale
and Dudley (14) beliseved that 1if histamine occurs at all
in the pituitary gland, it is in such small traces that
chemical xidentificati on is impracticable. i

Later, Roca (38) obtained evidence for the
presence of histemine in fresh glands. Quite recently
Best, Dale, Dudley ani Thorpe +(8) have. amoqno ed-the
150151:10:1 of histamine from a number. of .fresh .animal =~
tissues, .‘lﬁng tissus. especially: g;l.vin'gi,;falatively
large amounts, However, at present, the evidence .fqr“;-

Abel and Kubota (2) for the occurrence of histamine in
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proteins. is considered unsatisfactory.and the negative
results of Hanke and Koessler (18) are given greater
oredence, Hanke and Koessler have fodnd,, however, a
substance pharmacoiogically similar to histamine that is
8plit from casein by acid hydrolysis, Bﬁt it may bé =
pertinent to quote them: "To expect a ‘similarity in
physiological action from compounds having a similar . .
\cher‘nic‘al' structure is logical and just,ified by evidencs;
but to conclude from a similar pharmacodynamic action
to the identity of chemical structure or the. invariable
presencge .of ane and the samse Qubstance is a perilous -
undertaking.” . | v
Arai (3) has made an interesting suggestion that

may in tims explain manj of the phenomena that.Abel and
Kubota have explaimed in tééms’ of histamine, @ Since
histidingf becomes active pharmacologibglly. upon removal -
of 11'.5 cgrbox‘yl‘ group, it appeared. to Arail.that com-
pounds of amino acids 1nvolving the.’c_arbbxyl group éﬁould .
exhiblt amine-like effects.. . He found that.the ¢hlor-
hydrate of the methyl ester of histidine, possessed

 an e.ffectyon.blood“pre's'swe and gui’.r'u‘a‘a‘ pig's uterus Lsim-‘

‘ ilaz", though less poverful, ‘to histamine.. Proteins '
are considered to‘c o'na'ist'of‘,:combinations of amino acids
coupled in groups of.the acid-amide type. ~ Aral suggests
" that an eéter-like coupling betwesen c’arbox,y_I .and hydroxyl
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groups is not impoasible. - In view of his exper iﬁantal

‘results, amino acids, which in themselves are. physio-
logically inert, could become toxic by their mannsr of
linkage tOgether.

It has not.been shom,'.aé far as I know, whether
or not histamine can be formed in the absence of .
bacteria by the enzymatic activity of organ celia 5a1§ne.
Neuberg and Gottschalk.(30) have shown that 1iver and
mu;clé .tissue. qontain.‘a 'carbdxylase that possesses the
capacity of ciecarbo;:ylating pyruvic acid. ~Its ex-

" istence suggests that other amino acids may be iﬁvﬁlv'ed,
in ﬁh ich case the production ‘o'fxamines from amino acids ‘
may occur in the anixﬁél cell."

. The question arises why should an imidazole
‘grouping in protein be particularly labile and why should
the organiam manufacture histamire. According to Hanke
and Koessler (19), decarboxylase activity is a. pro-
‘tective mechanism and is resorted to, by the microorganism,
'when the accumulatim of H-ions wit.hin the bacterial
protoplaam is mcompatible with life processea. Ao-

g cording to this eonception, histamine is a raaction buffer.-

| That so few of the imidazole ccmplexes broken off
so easily vfrom living protoplasm have been identified
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'has been unfortunate particularly in. consideration. of
fhe importaht position of histidine as a constituent of
protoplasm,  Nearly 30 par cent of the. extrat_:tive
‘nitrogen of skeletal muscle is due to carnosine, the
f-alanyl derivative of histidine. Hemoglobin containé
about. 9' per cqnt ‘histidine . Recently.,pf[‘adokoxf, ‘Abe,
and Watanabe (42) have shown that the histidlrs content
of. femalemuscle proteins is from 20 to over: 100 per
veatfer:
er k‘tl;har; ‘ﬂ'wse of the male,_ing large variety of

spe c‘i‘ea:'. B :Ih 19'261 Newton,l' éer’xedict,ﬁ and‘ Dakin (31)
identified a sulfur cdmpound obtaifiéd fr'om.blood,
corpuscles, which had been variously mmed"as "sympecﬁo-
thion" and "thioaine with ergothioneine, a baae 1so-
1ated by Tanret in 1909 and chemieally 1dent:lfied as the
“beta.tne of thiolhistidine by Barger arﬂ Ewins (h) two

years later. |

Theoretical ¢ onsiderat ions concerning poaition
- of histidine in the pro te.in molecule.

Although histidine ‘appeara to be more abundant
than eny other imldazole compound, there are others that
may be found 1mportant. We have already menti amed
histgmine and carnosine which contains histidine.  The

purines may be considered as condensstion products of
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the imidazole ring with the pyrimidine. - Containing
‘a nuclear cyclié structure like that of the imidazoles
although not trus imidazoles are the hydantoins, crea-
tinine, and the glycocyamidims. .~ The most hnpcrtant
color reactim for the detectiom of imidazoles is that
given by an alkaline solution of p-phenyl diazonium )

sulronaté. But no colorx w'ould result if the imide -

' hydrogen,

no—

e CH .
; 9;‘—1«/ |
position one, of the imidazole ring, is replaced. by

some less. eas:lly mobile radicel. Thus, su.bstituted n
_ derivatives of th is type in protein split products would
got be detected or e‘at imated althougb:th_ey_gre tme )
“4""“1_‘1&"‘919 8. T_Abde'rhalden (1) has p_re'}pAared a 'comp.o‘und. |
.bf _tthis‘ FYPQ« composed of histidine and vﬁ-hydrovxy-q; -
| gminp-propionic a{t_cid'.k (s’e.ri}n‘e) that 1is fai-.rx;ore labiié
E than the  histidingrsgrine dipeptide o
CH—N ———— CH— cn%coon

‘\‘ 2.

: //cn

C—N NH

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



18

If such a compound cqzld be demonstrated in proteins,
which has not been the case as far as I know, it might
be one explanation,for the appearance of uhracemized
histidine in alkaline protein hydrolysates, Analogous
systems exist in the xanthing series, that 1s, with
combinations in bosition 7.

7 1" @ a-ribosids A,

0=0C OCH- N/(also glucosamine) B.

<
SR I CH
H~N—c—n/

A Xanthine + d-riboside xanthosine. '
B. Xanthine + glucoaamine amino glucoside

derivative of histidina. |

} KOsael and Weiss (25) have studied the iminazole
- group of the tﬂ.stiidine-containing protamines, _stgrir;o
and percine. ‘Compahri‘so‘ﬁ‘of the basicity of theAwhé;Le |
protaminé moleculs with the relative ﬁ*opoftions of the
basic units gave no reliable evidence withs turine, since
the basic 1ty of the 1minazole ‘group is very. slight. |
. If both the cerboxyl and amino groups of. hiati-
dine enter in a peptide linking,’ (A, A ), the structural

formula for the protamine is as follpws.
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c—

|

NH
N
/C
(l:*‘N
i
C~NH-~A

H

<I:OA'

The position of the iminazole nucleus in the
protamine moleculs is suggested by experiments of
Pauly (33) who studied its coupling with diazo com-
pounds amd its combining powsr with iodine. - He found
thet 1f the hydrogen atom of the imino group is replaced
by an acyl group, the diazo coupling does not take
place, . He showed that the histidine combined in the
sturine molecule coupled with diazo compounds in the
same way as free histidine showing the NH group to be
free. Hirayama (21) found that the iminagole imino~-
group lost its hydrogen by introducing a benzene-
sulphonic or naphthalenesulphonic group. Gerngross
showed that the compound formed by acylating a histidine
ester on the imino growp of the iminagole nucleus was
easily decomposed. Pauly (34) studying the fodo- |
derivatives of histidine ‘and iminazole anl’estimating their
absorption of iodine found that the absorption of iodine
by ‘sturine as great as that of the histidine derivatives

ot
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1n‘whicﬂ the iminazole group is free. So, in sturine,
1t 1is believed that there is no peptide linkage through
the imino group of the iminazole nucleus and- that this
nucleus 1s in the free state.

- This paper presents evidence:that horse hemo-
globin, edestin, casein,and Witte's peptone‘contain
histidine that is very easily split off from the protein
molecule by alkali, and that ii in such combination that
its carboxyl group is free, ‘according to Dakin's theory
(12, 13). He and Kossel (26) showed that. treatment of
proteins’ with alkali leads to a progressive diminution: of
the optical rotatory power of their solutions. Thie
Dakin attributes to an internal racemization or emoliz;-

- tion of the protein moleculs analogous to.that which he |
had earlier shown occurs in the hydantoins (11). . The

L.

reaction may be expressed

NH-CO—
RC\BH — GO~ NH— GHR— COOH
— - NH—CO
«——  R—c = c(om)— NE— GHR — COOK |
Alkall shifts the equilibrium towards the right. The.
central carbon atom in place of being attacpedtto-féur
‘different groups 1s on the right of the equation at-
vtaéhed to thréevgroupa,’to.one of them by a doﬁble,bond,
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and any opticalyaétivity it possessed due to asymmetry ..
must have been lost, Of the amino acid groups present
~in any peptide complex only the one containing the

CO CH . group could_axhibit keto-enol ‘tautomerism and
hence racemization; the terminal amino acid group con-
taining a free carboxyl group would be unchanged, Since
racemization: does not occur with alkali in dipeptides
in which one anino group is free

| R~ CH — GO —NH— CHR —COOH

|

NH
2

it is concluded that the conditions necessary for race-
mizgtion~require the attachment of other groups to both
amino.andcgrbéxyl,radicals..'~Henoe, the amino acids .
which are optlcally active after alkali hydrolysis
“eithqr occupy the terminal position in the'peptide chain
or are rapidly liberated in the free state and soteécapg
racemizaiionf“
':E#perimental
(a) Is histidine split off by early ailgal ine
| ~ alcoholysis? D

- - The first experiments were dirscted to discover
whether histidine was split off from proteins by alkaline

alcoholysis, how rapidly it was split: off and whether it

was. thg only amino acid set free or was accompanied by
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others. - To solve this problem the following éxperiments
were tried:-
.1, Lysis of proteins by alcohol..

To'200 grams of dried red horse blood corpuscles
in a six liter flask were added 3,500 c.c. of 95 per cent
alcohol.  The horse blood corpuscies had besn washed
fqu?_times with 1.5 per cent sodium chloride solution to
free them from plasma proteins and then spread on a glass
plate to be dried by an air current of about 350,0.

This mixture was boiled under a reflux condenser\for :
forty hours, the mixture being constantly sitrred with
a mercury sealed stirrer. Tye experiment was répeéted
with edestin and Witte's peptons. No histidine or any
other amino acid could be split off from the protein by
the action of alcohol., .
At a pressure of twenty-flve pounds per Square
inch no histidine spiit off 'from blood cells when boiled
with alcohol in the sutoclave. o “
- .2, Alkaline alccholysis of protsins in abaoiute
alcohol; preparation of “Vaﬁghan's crude'protein.toxin'.

: ;Td4250'grams.orvrea,blood cofﬁuscles in a six |
liter flask were added 70 grams of NaOH dissolved in
3,500 c.c. of absolute alochol. A reflux condenser was
attaohed and the flask with its contents heated on a

water bath for e hour. The undissolved fraction was
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removed by filtration, and boiled with a fresh mixture

of alkali and alcohol for thres hours and again filtered.
Both filtrates were neutralized with hYdfochloric acid.

The precipitates of sodium chloride were removed by £il-
tration and the filtrates evaporated, in vacuo, at 40° C.
to dryness, ' These were extracted by absolute alecohol,
filtered to remove sodium chloride and.the extract evapor-'
ated to dryness. The fractions correspond to ”Vauéhan's
Crude Soluble Poison", and although somewhat darker in
color, had the characteristics of‘this‘substanée as de-
scribed by Vaughan and later by Underhill and his éihﬁenﬁs}

In the hope of £inding the nature of the imidazole
complexes in the mixturs, 10 grams of the poison were -
dissolved in 200 c.c. of 20 per cant NaOH. This -
exiracTe o

‘alkaline liquid was disselved by shaking with twice its volume
of amyl alcohol: If histamine and methyl imidazol wers

| 'preaent»tn‘tpis fraction they could not be demonstrated in

 the residue left»after'the svaporation of the‘amjl élcohol

| extract. = Nor could methyl imidazol be separated from
the alkaline solution of thb 6rude poison by‘Steam dis-

, tillafion."' From the alkaline aQueous liquid no histi-
dine, imidazol probionic or acetic acids could be’
separated~$y~ppecipitation with phosphotungstic acid.

- Anothér‘pdrtion of the "toxin" was hydrolyzed.

* with 37 per cent hydrochloric acid for five hours.
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Histidine, tyrosine, and leucine were separated from

the hydrolysate by the method. of Hanke and Koessler (lh).
100 grams of the “"toxin" were mixed with 500 c.c. of 37
per cent hydrochloric acid in a 1,000 c.c. long necked,
round bo ttomed Pyrex flask; the mixture was hydrolyzed

by boiling for five hours, under a reflux condenssr

over an electrically heated sand bath. - The hydrochloric
acid was removed by distillation in vacuo, at 60° C., from
the,'Same flask. The residue was dried at 100° ¢, for
2 hours, and then dissolved in 500 c.c. of distilled *
water,  Powdered calcium oxide was then added until .-

the reddish brown precipitate began to change to a

gray color due to the presence of undissolved. lime.

This precipitated both ferric hydroxide and hﬁmin; g

250 c.c..of alcohol were added to the filtrate and the
mixture 'distiiled at 40° C. in vaouo until 40O ec.c.

of distillate were obtained., The brownish fluid

syrup was. transferreé to a Buchner funnel and was ’
ﬁashed' on:the filter with 1,000 c.c. of a hot saturated
solution of calecium hydroxide.  The filtrate thus ob-
t‘ained- contained the amino aclds as calsium salts.

From these tyrosine, leucine, and histidine were
separated according to the methods of Hahke and Koessler,
About 0.8 éiam of tyrosine was obtained which was 1denti-
fied by its melting point (310°); 1its fine feathery
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crystals and Millon's reaction. About 6.5 vgran; of
leucine was sapai'atéd ‘and melted at the metling point
of leucine, namely 290° C. Two grams of histidine ai-
‘chloride were obtained and identified bjr'the- méitin’g

at 247° with gaseous decomposition; by its “cry'stalline, |
form; and by its content of. chlori'ne.’l‘ ""The chloride
fon from .247 gram of the substance was completely
proctpitated by 21.74 c.c. of 0.1 N-Ag NO_. ‘The theo
retical quantity needed for 100-p'er cent histidine d4i-
chloride 1s 21.68 c.c. |

The optical activity of these three amino acids

was. determined with a Hilger thrse shadow polariéc&pe; |
through a four decimster tube. The polariscope was . .
fitted with a spectroscopic attachment for providing
' hoinq'genebus light and the rotation was .determined of the -
green 1ine of mrcury. The sairce of liglﬁt"was- a
Cooper-‘-ﬁ{ewitt me reury lémp. :

- The tyroéine and leucins thus'obtained from
"Vaughan's toxin" were flo‘und‘ to be optically inactive.
They «hadfevilde-ntly been recemized by the alkaline treat-
ment. A 2.046 per cent solu'tidn of histidine dai-
chloride in 1 3/4 per cent hydrochloric acid gave a -

‘rotation of +0 146° at 20° C.  Then [J = .._1 73
in place of +7 68° the specific rotatory power of |
‘optically active histidina dichloride. There was, hence,
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76.7 per pentvracémization, since the rotatory power was
onlyf28.8 per cent of the theoretiéai;. Ses Table 2.
_, ‘This experiment indicated that sbout. 1/4 of the
histidine, but noeg of the tyrosine or leucine had a
freevcarbbxyl group and waS‘presumably‘tenhinal. v
- 3. Alkaline glcoholysis of proteins in 95 per cent
alcohol. " | A | |
- . In this ezperimept 95 per cent alpohol was uéed in
place of absolute alcohol.used in the preceding.: This
mekes considerabls difference in the result.
- -To 250 grams of:red blood corpuaoleé,in.a,éix
11ter}f1gsk were added 70 grams of NaOH dissolved in 3,560
“c,c. ofﬁ95\per cent alcohol. = A reflux condenser was
attached and. the flask with its contents brought tc‘y
boiling in one hour. . The mixture was kept thorbughly
agitated by a mercury sealed, electricaily driven
stirrer. jSeparations were made as in the previous ex-
periment in the pfep;ration of "Vaughan's crude protein
toxin'. “From this haterial small amounts($omewhat less
than .5 gram) of inactive tyrosinb‘andlleucine were |
‘sépafated;.and 0.8 gram of histidine dichloride was
_obtained. A 2,118 per cent solution of the histidine
dichloride thus obtained and measured under the same

conditions as the preceding expgrimeut;-gava\a‘fotation
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of +0.591% instead of the value caloulated for active
his%idinevdichIOridetqf +0.6h7§. This showed an optical
activity 91.4 per cent of the theoretical,

‘This experimenﬁ.confirmad the preceding but
indicated a larger proportion of the histidine recovered
was -terminal. .

Having shown that the histidine. thus obtained
from corpuscles was in part and sanetimes in chief part
optically active, I proceeded.to study the'character’of
the histidine obtained from purified proteins. While

- most .of the histidine in the ﬁreceding experiments un~-
doubtedly came from the hemoglobin there was a. possibility
that a part came from other proteins present '4n the
corpuscles. ~ This might sccount for the fact that some

‘of the histidine was racemized.

- (p) Is histidine split off from crystalline
' hemoglobin? |

..’Preparatiux qf'cryatalline‘hemoglobin;

. Crystelline hemoglobin was. prepared. in the
following easy and direct method dependent on. the
e;octrodiqugis,of red blood cells.. .This excellent

. progedﬁrg has been deseribed bf\stadie'and.ﬁbss“(h7)
uaing.apparatus similar to the three‘qupartmant;eléctro-

diélysié_célls”of.gqpter‘and Schmidt (48), In this
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work I made..the following modificatiops in the apparatus
and procedure of Stadie and Ross., Cellophans was used
as 8 membrane instead. of tbe‘pﬁrchmenf,paper,and linen
coated with gelatin which had been heated with formal-
dehydefuséd by Stadie and Ross. The cellophane membréne
is]eésily obtained in various thicknéssea and. 1t is
cleaner and freer from flaws than parchment4membrane§.
With cellophane also there is a low electro-endosmotic
trensport of water and thus less flooding of the cathode
‘compartment‘dﬁringAelectrolysia. However, some diffi-
culty was encountered in: inserting and holding it in
‘the ordinary three compartment cell; also leaks often
ocourred between the membréne and the rubber. gaskets. .
‘An ‘improved three compartmant-cell.was.con;

- structed as follows (see Figures 1, 2 and 3):
Insert Figures 1,2,3.

A box 10 x 6 and. 3/8 x 7 and 1/2 inches, inside
'dimen31ons;'was‘conatructed of galvanized sheat;matal
about 3/32 of an inch thick. The upper edges were
doubled fo'atrengtheh the box. The entire inside was
‘covered with a coat of some insulating material.  The -
most convenient is that used to seal acidutype.storage
batteries and may bé obtained at any storage battery

shop. It is a substance easily melted and spread. over
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the metal surface. The cell is then tested for any
breaks in this material by testing 1ta; resisgtance to
a direct current of 110 volts when cne electrode 1is
connected with the mefal and the other placed in tap
water within the cell, If no appreciable leaks are
found ,the'consfittictibn of .cell is proceaded.with.
- A rubber composition battery cell 2 and 1/2 x
6 and 1/4 x 7 and 3/8 inches, outside dimensions, is
a]:tered'to form the middle dialyzing chamber. ‘fhe se
cells can be taken from discarded, acid type storage
bvajb.ter‘ies,that ha ve ,woo;ien fremes or bought separately.
They are not contained in batteries that have a molded
‘case. From the two largest sid'.e.vs ‘pleces 5 x 6 and 1/2
inchss are cut out,. These can be cut without cracki;xg
with a‘,"knife;"if the cell is warmed over a gas flame, -
ThAej‘r:ldges -in the bottom of the cell are also removed.
The outside of the remainder of the cell is covered -
wiﬂ; battery sealing mixture. = The cell is wrapped with
a single ptece of cellophane 8 x 17) inches which allows
. for folding and seal_i‘ng t‘he,.'bottom.;much..as, a package;
1s sesled. = Light pressure wili cause the 'ceilophan‘e .
to stick to the sealing‘mix@ure.- . At all pc;il;t; of
contact with the inner §‘ell, the cellophaﬁé is t;‘.ox.refeﬁ

with: Duco or water proof varnish to protect the "
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membrane from absorbing water ahd‘draWihg;away grom the
cell. | o |
‘The:apparatus’is now assembled as a thrég compagt-
ment celi,"two side electrdde‘compartments and‘thB m1dq1a
dialyzing compartment.  Leaks between the two end coms
partments are stopped with sealing compound. By‘usihg~
a 1arger or smaller cell and by shifting it ‘one way or
'the other the size of any of the three compartmenta can
be. easily changed. ' |
Graphite electrodes, 8 x 5 x l/h 1nchea are.
placed in each end compartment aboul 3/4 inche from the
cellophane membrane on eitheqéide and‘supported on two
glass rods running longitudinally on top of the cell, .
and pabsing_through small holes in the electrodes.
. Direct current from a 110 volt line is led into the cell
through binding posts bolted to the carbon piates. -
The cell is cooled by'péssing water through.
‘31#35Tcoils p1aced.between the eleqtrddes and  the
'ﬁﬁemﬁraneskin the.ehd compartments. ‘:These'gldss'eoils
are not needed for hemoglobin, the tap water running
| “directly over the electrodes in this case. ~ About 1/2
inch from the top in each electrode compartmeht.qfe
placed 2 and 3/8 inch glass tubes'as‘overflbw outlets.
The se are stopped when the material in either electrode
coﬁéartmgnt'ig kept. e o
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B To prepare crystalline hemoglobin horse blood
| corpusoles are . washod by settling arﬂ,decanting four
" times with 1.5 per cent sodium chloride solution. The
‘69113 are then laked with sbout one?aeventh”their:vcltme
).grtoluene,'ahd centrifuged. The upper layeréfcontain ‘
~toluene, red cell ghoata,‘whita.qeils,.and céll;globulins.
The lowest leyer contains nemogl&in.- ' 0f this about
1,250 c;c; are poured into tﬁe center compartment of the
electfolytic cell. = A stream of tap water is. allowed to
" run through the cathode and amode campartments, and out
through the overflow outlets. ' The direct current of
1lo‘volts is turned am. To‘prééent_;ha gatheriﬁg of .
an amorphous layer of hemoglobin on the membrane toward -
the‘cathode'by‘éétaphore§is, the masses as they;accumﬁ-
late must be stirred freéuently during the first hour
of dialysis.r In about two hours there. 1s a. considerable
formation of crystals..- Usually about 80 grams of
dried hemoglobin, or 250'gpams.6f‘moist hemoglobin
may be separated éfter‘twoAhourq;?7,The,crystals are
centrifuged, the supernatant“iiquid‘poured,aff,.and
the upper surface of the packed orystals washed with 1ce. |
: coldvdistiiled water. - These crystals aré driod on a
glass plate by a current of elr at about 35° ¢. _ ‘
. 250 grams of dry, crystalline hemOglobin thus pre-
pared ggve about 1.5 grems of histidine dichloride when
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lhydrolyzed\yiﬁh 70 grams of sodium hydroxide in

3,500 c.¢. 95 per ‘cent alochol for one‘hour,,which

is about the time necessary to bring the mixture to
boiling. - The histidine dichloride was separated as
“follows; | | | |

| . The scdium hydroxide was removed as sodium
chloride.v"The residue from the evaporated solution
‘was dissolved in water to meake 1 250 c.c. or enougp to
f1l1l the center compartment of the electrolytic: cell.

It was slightly acid toward litmus. This vwas subjected
to electrical transport by a direct current of 110 voits.
'As soon as the current flowing through the cell reached
0.5 ampere, a 100 watt lamp was placed in series with the
cell, and the electrolysis eontainued for 5 hours. The
.temperature‘was kept below 300‘0,,by circulating Wgter
through glass coils placed betyeen the,electrodes'and.
the‘cellophane membrenes. The solution in the center
compartment was kept agitated by msans of an electric
stirrer, Carbon dioxide was bubbied,slowly through
thegeathode‘solution fo‘keep the alkalinity at a low
level. . 'Tha cmtente of the cathode 60mpartment at

,the end.of five hours (fraction A) were removed and
replaced with distilled water, and the electrodialysis
‘oontinued until thelcenter canpartment gave only a

‘alight precipitate with rhosphotungstic acid. The -
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The solution at the cathode (fraction.B)'containé‘most
‘of the histidine.  Fraction A cdntaiﬁaibnly a small
. amount of histidine, | -

The ‘amounts of reagents used in separating histi- |
dine are important and are based on the theoretical
amount of histidine in the protein hydrolya\até., 'iin.'tﬁe
case of 250 grams dried hemoglobin, about 20 gwams of
histidine, Fraction B was concentrated to about
400 c.c. and 50 c.c., of dilute (50 per cent‘ﬁy“volume)
sulfuric’déid added.’ ThéhistidinaW&é’fhen'pr;~
cipitated by adding 100 grams of mercuric suifate‘dis-
solved in 1 liter of 5 per cent bj*&olﬁme.sulfuric*
acid. (Mercuric sulfate is preferable to.mercuric
chloride7and‘30dium carbomate bécause'precipitatésiand 

 _solutions occupy smaller volumes and mercuric sulfate.
is a more specific precipitating agént for histidine.)
The mixture is allowed to‘precipitatemfor two’érfthréé
fdays71n the ice box.- 'Thavéreéipitate is filtefedrcff'
and washed wiﬂn 1 per cent mercurio sulfate 1n 5 per coﬁt

| gu;furic acid. ’I‘he precipitate is then suapended in
200'c;c;_of vater and 25 c.c. of 37 per cent HCl are -
‘added. Tha,mercury-is‘then.removéd with hydrpgpn'sﬁlfide,
filtered and the excess of hydrngnlpulfidﬁ”dfiven‘off
on the water bath. Sulfuricyﬁcid 1&;théh‘ezact1y
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'removed with Ba(OH)a; . The filtrate after renioval of
barium sulfate is concentrated to a tﬁick syfup in -
vacuo. | COnoehtrated hydrochloric acid in slight excess
to the,waig:it of the syrup is added, The hiéti\dine di-
chloride is allowed to crysfallize 6u.t in the ice box
for several days, and then removed by suction filtra-
"tion and dried in vacuo over sulfuric acid,
| The product is purified by dissolving in an
equal weight of hqt.,.distilied.,wgter,; and diluted. with
tlen’time]s‘ its weight of 95 per cent ethyl alcohol.
The mixture is heated to boiling and then filtered hot
. and ailowed' to ci'ystallize in the ice box. The crystals
are filtered off and dried in vacuo, |
o ‘The optical act:lvity of the histidine dichloride
. thus prepared from 1 hour alkeline hyirolysis at low
~ temperature of orystalline hemoglobin prepared. as just
déScriﬁe‘d,was, determined and found to be 98.5 per cént
opticallj active., 1,789 per cent solution in.a four
decimeter. tube at 20° C. gave & rotation +0. 538°,
Hencei ] H co= .42 . " Theorstical +7.65 .
g , ,

When me hydrolysis of 250 grams of crystalline
hemOglobin with 70 grams NsOH in 3,500 c¢.c. 95 per cent
alcohol was continued at boiling temper_ature for four

hours more about 3.5 grams of histidine dichloride was
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. aeparated by the-method-just described. A 2,341 per. cent
solution of this histidine ‘dichloride was found to glve
a reading or +O.693 which gave (-q] 20° +7.40 .- Of this
histidine 96 9 per cent was thus opt?gally active.
See Table 2. '
| (c) Is opticelly active histidine split
) off from other proteins? |
Having shown that histidine came from crystalline
hemOglobin very quickly on alkaline alcoholysis and that
the histidina was ‘ot racemized, I then tried edestin,
casein, and Witte 8 peptone.,
At the end of 5,hours'hydrolysis_with 2 psr cent
- NaOH 1n”95 ppp‘cept:alcopol! edestin, casein, and Wittefa‘
‘peptbpélgng‘rgspectively‘abop; 1,0,_l,g‘and 0,6ugram”or‘
-histidine dichloride, ‘Inactive.tyrosina‘and;leuciha split
orf rrom casein.and edestin,wbut_cquld_nqt be . separated |
from Witte s peptone. o ﬂ |
An inspection of. Table 2 reveals that 1n the case‘
or these ‘three proteins the histidine dichlorides ob~
tained bydbrief alkaline alcoholic hydrolysis were for
the moat part optically active, just as ﬁas that from -
hemOglobin and in fact were respectively 94.5 per cent;
82 5 per cent, and 87.5 per cent of the. theoretical
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activity. This again indicates ‘the temminal situation

: o‘f.so‘me histidine in these proteins,

(d) Analyses of proteins uaed.

In order to determine the quantity of histidine in -
the proteins used, the distribut:lon of n:ltrogen 1n them
:was-determined by Van Slyke's (49) method. " The results
aregirven.ih‘.yl‘abllel. Anaiyses_v_vere made on.5 gram
usyamiﬁl‘eS'Of Witte's peptone and crystalline hemoglobin.
The values given for edes'ti}n‘azfe-'those of Vickery and

Leavenwor th (50) end those for eeeein, of,'Van Slyke. (51).

. Insert Tables 1 and 2.

 An examinati on of this table reveals that Witte' ‘s

peptone, such as was used in these experiments, . con-
‘ta:!ned only asbout 1.5 per cent of. the total nitrogen

‘,as histidine nitrOgen,which oorresponds to 1 per oent of

' hist:ldino in the moleoule, that hemOglobin containe

15.22 per cent or the tota.l nitrogen as hist:ldim

' ‘nitrOgen, which corresponds to 8.5 per cent of histidine;
and edestin 5.5 per cent and ocasein 6, 2 per cent re-
spectively of the total nitrogen, corresponding bo about
3,8 per cent edestin ami L.l per cent casein., Those

figures for hemoglobin correepond closely with those
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o Table I.

5 grams hydrolyzed; made up to 250 c.c. 100~c.c. parts taken.

Witte's peptone Hemoglobin Edestin. Casein

- - (50) - (51)
Grams % Total Grams % Total ¥ Total % Total
N .N N N N N.
% N content. 12.55- 16,95 18,69 15.62
of protein -
TSR - 0.2510 - 0.3390
t « \ .
Total N 0.2510 0.3390

Totel ‘basic 0.0646  25.7% 0.1080 31.85
N 0.0650 25,92 0,1086 32.35

Total basic 0,037l  14.80 0.0580 17.11
amino N~ 0,0376 14.96 0.0591  17.43

0.0336 13.40 0.0268  7.90 27.2 - 7.4

Cystine N  ©0-0025 © 1.00
| 0,0033  1.32 0.04 13.00 5.5 6.2

Lysine N 0.0249  9.92 0.0369 10.88 |
"7 70,0258 10,28 0.0377 11.12 . 3.8  10.3

Arginine N
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\ . Table II.
20 o ! . - v . o
o ‘ d-histidine dichloride = 7,63 ,
54614 .
250 grems protein in 3,500 c.c. alcohol.

*proteins hydrolyzed for 5 hours with NaOH, then 10 hrs.

with HCl.
! Treatme nt o Per cent X L
Protein  Per cent | Histidine  Observed !j;roéh Per cent
: ELOH  NaOH  HCI Tige in polari- Rotetion G‘HS? Optical
' ' . hours meter tube _ : - Activity
CorpﬁsClas 99.5% 2 2 ' no histidine - = recovered |
Corpuscles 99.5 2 7 5 _.‘nb histidine recqvéréd
Corpuscles 99.5 . R 10 no histidine = recovered
Gorpuscles® 99.5 2 37 10 2,046 . 0,146  1.78 23,3
 Hemoglobin 95 2 E! 1,789 0.5%8 .52 98.5
Hemoglobin 95 2 5 2341 0,693  T.40 | 96.9
, COrpuécies 95 2 B 2.118 ©0.591 6.98° 9.4 .
CCorpuscles” 95 2 37 10 1.6k 0,208 1.6k 20k
Edestin 95 2 5 o.894  0.546  7T.21  9ki5
Edestin® 95 2 37 10 . 1456 0.086 148 29.4
p‘g';ggg;*’ 95 2 5 2,635 0.662 6,28 2.3
pg;:g:;s* 5 2 37 20 "2,593' 0.213 2,22 29,1
Casein ' 95 2 5 .82k 08T  6.68  8T.5
. casein® 95 2 31 10 2,041 0,154 1.57 2l 5
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g”:‘!.ven by Van Slyke.
o 250 grams of hemoglobin contain approximately
21 grams of histidine. It will be noted that after ome

. hour hydrolysis by sodium alcoholate 1.5 grams of histidine
dicﬁloride were recovered,,which_is' approximately 7 per
cent. After 4 hours continued boiling 3,5 grams of
histidine dichloride were obtained, which is approximately
15 per cent of the total histidine oresent. Witte's
peptone should have ylelded 2.5 ngamé', but there‘wos
obtained only 0.6 gram of histldine dichloride or about -
25 per cent of the totel histidine; edestin yielded 1

gram in place of a total of 9.5 graﬁns and cooein.l.a :

- grams. in place of about 10 grams.

These figures show that only a swmall proportion
_of the total histidine in.the molecule ranging from
‘5 per cent - 25 per cent.is ,split.off in the non-racemized

. and active state by this alkaline hydrolysis.

This indicated that a larger part of the histi-
dine was not terminal and should,‘therefore, have been
rgcemized by the alkaline treatment, To prove that
thia was actuslly the oase, other samples of these proteins
were first treated by 2 per cent sodium hydrate in 95 per
, cent alcohol for five hours in the manner described.

. This split off mrt of the histidine and since other
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ainino acids and presumably r'acemizéd most éf ﬁm other
,émino‘aéida which still reﬁainad'in,péptide form. The

hydrolysate was neutralized by adding concentrated hydro-

chloric acid and filtered to remove the sodium chloride,
‘Thehélcohél wes evaporated to dryneSq and the residue was
then hydrolysed with concentrated hydrochlpribvacid for
10 hours, . The histidine was separated from the
‘hydrolysate by ths mathoda already described uaing
' electrodialysis.‘v Yields of histidine of approximately
80 por pent'of the theoretical were thus obtained. These
f,aamp]ss'of histidine dichloride as will be seen from an
‘inspeotion of Table 2 were only from 19.4 psr cent to

29 1 per cent optically active._~

: Henoe it 'is clear that most of the histidine has

. been racemized by the alkaline treatmeqt and‘was ace-
ecordingly substituted in ;ta,carboxyl grouprand'was not

“terminal.

o COnclusions.

| | 1. A portion of the histidtne 1n orystalline
hemoglobin, in edeatin, casein, and Witte 8 peptone
‘1s very quickly :plit of £ from the protein moleoula

by alcohol and sodium hydroxide.'
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2. The histidine fraction thus split off is ‘not
racemized and therefore probably occupies the terminal

| position in the molecule. (

‘3. The appearance of inactive tyrosine and in-
‘active leuoine along with the active histidine suggestex
that these amino acids are closely associated 1n the
mole cule and in such a manner that the carboxyls of
toth tyrosin andlleucine are substituted.

4. Subsequent acid hydrolyeie of the hydrolysate

| resulting from theialkalinejdigestion’of the proteins
gives a larger yield of histidine that is‘ largely
racemized. | ‘

5. The quantities of optically active histidine
ohtained by alkaline hydrolysis alone euggests that moet
rofmthe‘tenminal histidine is\split off early in the
hydrolysia, but that the larger part of the h;etidine
1n the molecule 1s not terminal.

6, The terminal p031tion of a part of the histi-

“dine. in proteins 1s thus 1nd1cated and the fact that
the carboxyl group in this portion is presumably free may
aocount for the ease with which histemine is obtained in
extracta of various organs; and may also be correlated
with the toxie properties of some of the protein de-~

- compoeitionhproducts.
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7. Hydrolysis of blood corpusclas with sodium
“hydroxide in 95 per cent alecohol presents a better 3
’method for the praparation of.histidine,thanbany hither-. .
ﬁb‘propbsed, because of the large amounf of histidine.
quickly split off:frOm the protsein in an optically active
' form and easily separated from the small anounts of

/
, other amino acids.

Summary.

1. An improved electrodialysis apparatus is
' described, ’ |
2. A quick method for the preparation of histi-
.’dine 1s given. _
' .5.(f}mzzggsmfgﬁTgiiiézbgfeparing considerable
‘quantitias of eleotrodialysfs of blood corpuaclas 1s stated.
LA portion of the histidine in -crystalline
‘hamoglobin, in edestin, casein, and Witte's peptone is
quiakiy ap1it of f by'aikaline aloaﬁolyaia and is u
‘-optically active. It occupiss hence probably a terminal
"position in the molecule with its carboxyl frae. The
"quantitiy of histidine thus placed varies in the
;‘different proteins studied. Quantitias of optically |
active histidine presumably terminal ranging from 5 -
2oyper cent of the total histidine were actually recovered.,
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) Abstract

'THE PLACE OF HISTIDINE IN THE PROTEIN MOLECULE

COnclusiona

‘ 1. A portion of the histidine in crystalline
hémpglobin, in edestin, casein,. and Witte's peptone
is very quickly. split off from the proteiﬁ molecule
by alcohol and sodium hydroxide.

2. The histidine fraction thus split ofr 1s not
'racemized and therefore probably occupies thevtarminal
position 1n the molecule. . , ‘

3. The appearance of inactive tyrosine and in-
gctiva,laucine along with the active hisﬁidiue.auggests |
‘that‘these amino acids are closely sassociated in the
molécule-and in such A manner that the carboxyls of
both tyrosin and. lencine are substituted.

4, Subseguent acld hydrolysis of the hydrolysate
‘rasulting from the alkaline digestion of thg proteins

| gives a larger_yleld of histidine that is largely
racemized. ‘ o . | |
) 5. The quantities of. optically active histidine
obtained by alkaline hydrolysia alone suggests that
‘mOBt of tho terminal hiatidine 1a split off early in
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,the'hydrolysia,"but that the larger part of the histi-
dine in the molecule. is not terminal,

6, The terminal position of a part of the histi-
dine in proteins is thus indicated and the fact that
thp carboxyl group in this portion is presumsbly free
may account for the ease with which histamine is ob-
tained in extrgcts of various organs;.and“may.also be
‘correlated wifh‘ths toxic properfies of’somg of the

protein decompOsition produots...

) B 7. Hydrolysis of blood corpusclea with sodium
hydroxide in 95 per cent alcohol presents a better
method for the preparation of histidine than any hither-
to proposed,‘because of the large amount of histidine.
quickly split off from the Protein in an optically

- active form and eaaily\sepgratad from. the small,amounts

of othgr amino acids.

Summary.

1;;An improved electrodialysls apparatus is

‘deacribad.
2. A quick method for the preparation of histi-

dine is given,

3. .A method for easily preparing considerable

- erystaltine hemoflobim hy
quantitias of electrod alysis of blood corpusclea is

atated._‘q

. ;\
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i L, A portion of the histidine -in crystalline
"hemoglobin, in edestin, caséin, and Witte's peptone
1s quickly split off by alkaline alcoholysis and is
optically active. It occupies hence probably a
~ terminal position in the molecule with i1ts carboxyl
free., The quantity"of histidine thus piaoed_variea
~1in the différent proteins studied. Quantities of
-optically active histidine presumably terminal ranging
from 5 - 20 per cent of the total histidine were

actually recovered,
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