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IRTRODUCTION

Recent years have produced many variations snd a few
1&pravamants in the methods for amino scld reeldue seguence
analyels of peptides. The use of 2,4-dinitrofluorobenzene
by Senger and alkeline phenyl ieothiccyanate by Edman are two
examplee of aminoid blocking resgente which have found wide
applicetion. ¥Most of the methods of segquence analyele are
of a qualltative naturs, used in conjlunction with such tech-
nigues ag paper and column chromatogrephy, paper electro-
phoreels, asnd counter current distribution. Becsuse these
are qualitative methode, the peptide under consideration muet
be homogeneous, or at least free of other peptide material,
g0 that other substances present cannot ceuse misleading
results. Unfortunately few, if any, of the naturally occcur-
ring peptides sre homogeneous, so that often laborious puri-
fication procedures must be carried out (e.g., oxytocin).

In spite of this, meny natural peptidec have bheen purifled,
and some, such ag Gramicldin 8, insulin, tyrocidin, oxytocin,
and vasopressein, have had thelr amino acid resldue sequences
elucldated. |

It has become cleer thet few of the naturelly occurring
peptidess have & simple, estralght chain structure. FEeversl

have been shown to be of a ecyclic nature, especlally those



having antibiotic oroperties; some contain non-peptide
moieties. The presence of such cyclic arrangemente of resi-
dues and other unorthodox linksages, together with the diffl-
culty in separating and purifying similar peptides has
suggested that a quantitative approach to etructure analysis
might permit structure determinsation of & complex peptide
which ig the major component of a mixture.

The antiblotic, bacltracin, is such & mixture of pep-
tides. It ie a femlly of et leset six simllar peptides with
& ma jor component, bacltracin A, providing most of the antle-
biotiec activity., The investigation upon which thle thesis
is baeed 18 concerned with determining the ssquence of amino
acld residy&s in bacitracin by application of quantitative

methode to the crude meterisl.



REVIEW OF THE LITERATURE

The polypeptide antiblotic, bacitracin, which is pro-
duced by a atrain of Baelllue licheniformie (23) was dis-
covered by Johneon and Meleney (19) in June, 1943, It was

isolated from the damaged tlssue and street dirt from a com-
pound fracture of a seven year old child named Tracey. The
name bacltracin wag thus &ériveﬂ.

The literature through 1952 relating to the chemlstry
of baecltracin has been reviewed by Ellinger (11). This re-
view will therefore be limited to the literature dealing with
the chemistry of bacitracin from 1953 to date, plus any prior
work which 1t 1is necessary to include for the purpose of com-
parison or clarity of dgsatiptian.

Bacitrecin has been shown by Newton and Abraham (31),
and by Craig gt al. (9) %o consist of & family of similar
peptides. Thesge peptides have been separated by both groups
of investligators, using counter current distribution, and the
main component hes been designated bacitracin A, Thie pep-
tide comprises 44 to 75 per cent of commercial bacitracin
(9, 31, 32), the yleld varying considerably with the source
and the digtributing solvents., The minor peptides have been
designated with letters B through G. Different investigating

groups have endeavored to maintalin interconsistency in these



deslgnetions by comparing the compoeition, ultraviolet ab-
sorption spectra, relative quantities, and activitlies of these
pevtides. Some inconsistencies may estill exiet, however,
since Craig et al. (9) report a total of five peptidee in
aammeraigl bacitracin and Newton and Abraham report ten (32).
Thﬁ‘repert@a compositions are summarized in Table 1. Newton
and Abraham obtained thelr separation of approximately C,7 g.
of crude baecltracin hydrochloride using 221 traﬂsrers w1th

Table 1

Composition of commercial baeitracin

Fraction Percentage of totsl materilsl

Creig et al. (9) Newton & Abraham (29)

A 80 37
By - 7
B 14 | 12

-— 5.5
D 5 17.5
E 0-3 | 17.5
¥y 18 | 2.5
¥, 18 5.5
Fs 18 11

¢ 3 -— 2




the solvent system n-amyl aleoholin-butyl alcohol:0.05 M
potaseium phosphate buffer, pH 7.0 (4:1:5), The system em~
ployed by Cralg et al. was sec-butyl alcohol: 3 per cent aq.
acetlc acld, a less selective system than that of Newton and
Abrahem but one in which bacitracin is more stable. An ini-
tlal distribution of 527 transfere was followed by a 900
transfer distribution after removal of bacitracine D and E
from the apparatus., This 1s the method by which Cralg et al.
obtain thelr standard preparstion of bacitracin A.

Flodin and Porath (12) have recently resolved bacitracin
into two melin pesks and two very minor ones by zone electro-
phoresie on starch:, One of the main peaks appeared to be
asbout 20 per cent larger than the other one, and was reported
to contain the bulk of the activity. Both of the main peaks
wepre reported to be heterogeneous by other methods of separa-

tion.

Bacitracin A

Amino acld composition

Creig et sl., (6) hydrolyzed their standard preparation
of bacltracin A with 6 N hydrochlorle acld in an evacuated
sesled tube at 110° for 24 hours. The smino acids in the



hy@rolyeate were determined by the lon exehange technigue of
Moore and Stein (29). The results are shown in Table 2, com-
pared with a starch column analysle of a baseltracin prepare-
tion. Each amino acld wes leolated in crystelline form by
counter current distribution of an acid hydrolysate of com-
merclal bacitracin since this substance has substantlally the

seme qualitative amino acid composition as bacitracin & (2).

Table 2

Comparison of Amino fcid Compositions of Commercilsl
Bacitracin® and Bacitracin A

Amino acid  Baeltraein | Bacitracin A

Percentage Molar  Percentage  Molar
proportion® proportion®

D-Phenylalanine 11 1.0 10.8 1.03
L-Leuscine 9 1.1 8.2 1.02
L-Isoleucine 22 2.8 14.6 1.83
L-Cyeteine 14 1.9 7.4 1.00
DL-Agpartic acid 17 2.0 14.7 1.77
L-Histldine 10 1.0 7.7 0.80
L-Lyeine 9 1.0 8.1 0.89
D~Ornithine -— 1(?) 8.5 0.80
Ammonia 1.5 1.2 1.3 1.08
Total 103.5 87.4

8pdapted from Barry, Gregory, and Cralg (2).
badapted from Cralg, Hausmann, and Welsiger (6).

- ©Baged on & hypothetical molecular weight of 1411 for
bacitracin 4,



Isolated amino acids were i1dentifled by paper chromatography,
carbon and hydrogen analysees, and optical rotations. The
latter dats made poselible the assignment of the optical con-
flgurations shown in Table 2, The racemic aspartic acid
indicates a residue each of D~ and L-aspartic acld. The data
also indlicate & aingle residue of cystelne rather than one of
cystine, which was bellieved present from earlier data (2).

In a recent communication, Craig et al. (8) report that
becitrecin A apparently conteins & third resildue of isoleu-
cine, 1t being of the D-configuration, making & total of two
L~ and one D-isoleucine resldues. This residue, according to
Piez (35) appesred in a smell chromatographic fraction which
Craig et &l. (6) identifled as methionine but failed to ex-
plein gince baclitrscin has been shown definitely to be free
of methionine (2).

Stabllity

Baecitracin A gave no change in distridbution pattern
after being etored several months at 6°, according to Cralg
et a8l. (9); this was not the case with a preparation of crude
baeitracin (5). Precipitation of the peptide two or three
times from methanol solution with acetone did not lower ite

antibiotic activity (9), though water solubility wae reduced



due to removal of solvated acetlc acid. The difference in
dletribution was caused by a gradual converslon of bacltracin
A to a peptide with the same ultraviolet absorption spectrum
as baclitrecin F, The gtanderd preparation of bacltracin A
will alego undergo this conversion to bacitrecin F 1f permitted
to stand several days at room temperature in a phosphste solu-
tion of pH 7 or elightly sbove. Newton and Abrehem (33) aid
not mention this conversion, but d4id indicate that treatment
for two hours at 3?° with 0.1 N eodium hydroxide slmost com-
pletely insotivated the peptide with relatively little change
in the ultraviolet absorption spectrum.

Bacitracin A tekes up oxygen very slowly at pH 8 (33).
This oxygen uptake 1s greatly accelerated by the presence of
cuprlc lons. Similar observations had been made for bacltra-
cin by Sharp et al. (39). |

Hydrolysle of bacitraecin A4 with 0.5 N hydrochloric acid
for 20 minutes at 100° (33) completely destroys ite antibac-
terisl activity. |

Titration behavio

Newton and Abrahem (33) titrated bacitracin A hydro-
chloride with 0.1 N sodium hydroxide and obtalned three breaks
in the curve. One at pH 2.5-5.5 they attributed to the



presence of two carboxyl groups. The partion of the curve
from pH 5.5-8.5 was believed due to the imidazole group of
histidine, and the portion from pH B.5-11.5 to either the

§ ~amino group of ornithine or the ¢ -amino group of lysine.
Titration of the product of acid insctivation revealed one
additional e&rbexyl group in the range pH 2.5-5.5, due to the
hydrolysis of en amide, and two additional groups in the range
pH 5.5-11.5%. Of the latter, one could be smmonia from the
amide and the other & free thlol group.

Functiona ou

Amino groups. Seversl groups of investigators have
gtudied the productes obtained on reacting bacitracin A with
fluoro-2,4-dinitrobenzene (FDNB), the reagent of Sanger (37).
Craig et al, (7) 6bta1ned geveral partial substitution prod-
ucte, which were separated by counter ocurrent distribution,
hydrolyzed, and th&ir‘comycﬁltiﬁn determined by two-dimen-
slonel paper chromatography. The dinitrophenyl (DNP) amino
sclde were 1dentified by thelr yellow color on the paper and
by the faet that the amino acide from which they were derived
were reduced in intensity. In thie manner J-DNP-ornithine
was ldentified from d4i-DNP-bacitracin A. The other DNP-amino

acid wae not named, 1t merely being stated that another free
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smino group was present in bacitracin A. Craig et sl. (8)
later identified it as DNP-lsoleucine, and stated that 1ts
yield was improved if the bacitresoln A was oxidized with
performic acid.

Newton and Abraham (32, 33) obtained DNP-leucine or DNP-
isoleucine, 1-DNP-histidine and J-DNP-ornithine from DNP-
bacitracin A. More reeently, Lockhart , Newton, and Abraham
(22), have cleared up thelr uncertainty concerning the leu-
cines, stating that they have definitely isolated DNP-iso-
leucine and not DNP-leuecine.

Porath (36) found DNP-isoleucine from DNP-bacitracin A.
None of these investigators have found any € ~DNP-lysine and
heve therefore generally concluded that the €-amino group of
the 1yaine residue is not free, but 1s probably bound to a
carboxyl group of aspartic acid or glutamic acid. Ieoleucine
is apparently N-terminal, on the basie of the DNP- studies.
The dJ-amino group of ornithine and the imideazole group of
histidine are free.

The spplication of Edmen's method (10) of blocking N~
terminal residues with phenylisothlocyeanate and removing them
ae¢ phenylthiohydantoins has not been very succeessful with
bacitracin &, Porath (36) found no N-terminal residue this
way, and Lockhart et al. (22), who applied the method to

commereisl bacitrscin rether than baclitracin A, recovered
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only filve per cent of the theoreticsl amount of isoleucine-
PTH.

Ingrem (17) methylated commercial bacitrascin and ob-
tained & -N-dimethyl arnithiné from the hydrolysate, but
could not demonstrate the presence of an AK-N-dimethyl amino
acid., He therefore suggested that there is no d-amino
group in the molecule,

Carboxyl groups. There are no known reports in the
literature of positive identification of free carboxyl groups
on either bacitracin or bacitracin A, Titratlion snd electro-
phere&ia aatg (7, 33) indicate that the molecule is neutral,
g0 that there are probably equal numbers of free carboxyl and
smino groups, i.e., two of each. One carboxyl group is bound
as an amide and another ls probably bound %o the e-amino
group of lysine.

The sulfur. Hydrolysis of bacitrecin A ylelds a single
meleeulé of cysteine (6), but the intact peptide givee none
of the characteristic color tests for a thiol group (33).
Hydrolysis for 20 minutes at 100° with 0.5 N hydrochlorie
acid relesses & thiol group which gives a strong nitroprus-
glde reaction, and which will reduce potassium ferricyanlde
at‘rmem temperature (32). Baclitracin A will also yield S-
DNP-cysteine on treatment with FDNB. Bromine water (33)
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and performic acid (8) oxidize the sulfur, so that cysteine
ie converted to cystelc acid.

Newton and Abraham (33) carried out a hydrogenolysis of
bacltracin A with Raney nickel and reported that cysteine was
not present in & hydrolysate of the product, but appeared to
have been replaced by alsnine. Two other new substances were
present 1n the hydrolysate which reacted slower with ninhydrin
than the amino aclde. One of thege substances had an Ry value
glightly higher than slanine in butanol: acetlc acld, and the
other bad an Rp velue slightly higher than leucine, These
were not identified, The desulfurized baclitracin, on treat-
ment wztn FDNE end subsequent hydrolysis contalned DNP-ala-
nine, indicating that the hydrogenolysis produced an N- \
terminsl alanine residue, in place of the nonterminsl
cyeteine, ;

When the hydrolysate of the hydrogenolysis product was
oxiﬂiz#d with periodate and 2,4~-dinitrophenylhydrazine added,
& 2,4-dinitrophenylhydrazone wes obtained. This had a m.p.
of 112-114° arter recrystallization from ethanol, but was
not characterized.

The above findings led Crsig et 8l1. (7), end Newton and
Abrsham (33) to speculate that the sulfur of cysteine is
probably involved in a labile heterocyclic ring. Bacitracin

A does not give a poaitive‘nitropruaaide reaction on stending
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with nitroprusside and smmonis, while a thicester does. Since
bacitracin A was not readlly oxidized to a dlsulfide by lodine
(33), a eimple thiazolidine with an unacylated nitrogen was
excluded by Newton and Abrsham, Newton and Abrahem suggested
that the 2,4-dinitrophenylhydrazone they obtsined was derived
from an zldehyde which was the oxidation product of an ol~
amino slecohol. This amino alcohol they belleved to be & by-
préduct of the Raney nlckel reduetlon of the heterocyclle
ring, the other producte being alanine and hydrogen sulfide,
The amino slcohol could have arisen from s potential smino
eldehyde, since Raney nickel will reduce cerbonyl compounds
{26). Newton and Abraham therefore sugsested that & thie-
zoline ring ig preseent in bacitrazcin 4 es part of the peptide
chain!

R ?mmwfﬁ,

~KH~GH~Q%E/GH~GG~

¥ild treatment of euch a ring with acld or oxidation with
perfurmie acid ér bromine water would produce a new peptide
bond and a free thiol or sulfonic acld group, respectively.
ﬁéwtan and Abraham did expect that a thiazoline might be
baslic enough to be titrated, but etated that there was no

room on the titration curve for a basic group in eddition
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to the S-amino group of ornithine and the imidazole of
 histidine. |

rPoreth (36) reported the probasble presence of a thia-
zoline or thiazolidine ring, but gave no evldence for 1%t.

He could find no indication of & disulfide bond in bacitra-
ein A by polarography and ruled out any sort of dlmerization
as a result of ultracentrifugation experlments.

Cralg st al. (8), in proposing & structure for bacitra-
cin A stated that absorptlion spectra and other observations
(not specified) were consistent with a thiazoline ring sye-
tem., They propoged that the carbonyl carbon of isoleucine
1s part of the ring, and pictured the lsoleucine in the D-

. configuration, and as a terminal residue:

Cralg et al. reported a characteristic weak absorption
maximum for bscitracin A at 250-255 mu. On standing seversl
daye at 24° in 0.1 M sodium aarbanat&; the whole spectrum
shifted toward higher wavelengthe to give a maximum at 290
mua. This ehlifted spectrum wae similar to that of bacltracin
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F, indicating that the latter may be a degradatlon product
of baclitracin A. Bsascitracin A, on standing for several days
at 24°% tn 0.1 N hydrochlorle acld, gave a complete absence
of the maximum at 250-255 mp.

Moleocular welght

The molecular welght of bacitrecin A has been determined
by Craig et al, (7), ueing mono- and disubstituted DNP-
derivatives. For their calculations, they used aeg & molec~
ular extinetion coefflclient for DNP-peptidee the value
14,500 & 10 per cent (3). From the optical density at 350
mu, they oslculated s molecular weight of 1840 for the mono-
DNP-derivative or 1470 for the unchanged peptide., The di-
DNP-derivative led to a molecular weight of 1310 for the
peptide, a value they stated wasg less accurate than that of
1470, From & sulfur content of 2.2 per cent and the knowl-
edge that only one atom is present, they calculated a
molecular welght of 1450,

Porath (36) determined the molecular welght of bacitra-
ein purified by charcoal chromaetogravhy. By ultracentrifuge~
tion, he obtalned a molecular weight of 1390. Porath's
becltracin A preparation appeared to be identical with a
gample supplied to him by Crelg. Small variations could
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be accounted for by the presence of associlated solvent mole-

culeg, which might ﬁiffer; depending upon the method of

purification.

Porath (36) partiaslly hydrolyzed bacitracin A with 6 N

~ hydrochloric acid at 370 for 72 hours. Zone electrophoresis
and charcoal and paper éhramat@graphy were used to fractionate
the resulting peptide mixture. He experlenced difficulty in
isolating‘p&ptiﬁes containing cystine, glutemic acid, or
aspartic acid, ainaa they were frequently rendered insoluble
on evaporation of the golvent. One fragment contained only
lyeine and a ninhydrin-negative compound which could not be
identified. Parath propoged the following sequence, pointing
out that the molecule ig highly asymmetrical. He indicated

i
R~lya~g%u~¢y~isa~leu~ gal

asp-asp-hig-orn-iso

that the lysine, cystelne, and glutamic regidues are prob-
ably part of a labile heterocyélie ring system. Porath
belleves that the heterocyclic ring together with the D-amino
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acld residuss is primsrily responsible for the antiblotic
activity, though the asymmetrical shape of the molecule may
contribute. No experimental evidence was presgented for the
structure, and Porath felt that he had not deflnltely estab-
lished the amlno acid residue sequence.

Lockhart et al. (22) ueed 11 N hydrochloric acid at 37°
to hy&rolyZ@ partially bacitracin A or 1ts performic acld
oxidation prcauat for varying periods from one to six days.
Paper electrophoresis and paper ehram&tagraphy were used %o
separate the peptides, and their N-terminl were determined
by Banger's (37) method. B8ix days of hydrolyeis using the
sbove conditione releaged significant amounts of free hilsti-
dine, ornithins, aspartlic scild and glutamiec acid., Dipeptides
ldentifled were leucylglutamic acid, PAB-~sulfoalanylleuecine,
and isoleucyloystelc acid. & tripeptide of leucine, glutamic
acid, and N<cyetelc acid, and a tetrapeptide of N-isoleuclne,
cystele acld, leucine, and glutamic acid were also ldentifled.
These resulte led them to propose the partial sequenaé 180~
cye-leu-glu-. From unpublished dats, they suggested that the
isoleucine end extended through phenylslanine, isoleucine,
and ornithine, with ornithine N-terminasl. They aleo belleved
that an aspartic scid residue was not far removed from that

of glutamic acld,
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Craig gt al., (8) have proposed in a communication a
nearly complete structure for bacitracin, except for &
"complication of cross linkages", @na.af which may involve
the amino group of the lsoleucine resldue next to cysteilne.
They also used hydrochloric scld partisl hydrolysle and
treated the products with FDNB, the DNP-peptlides being puri-
fied by counter current distribution, two dimensional paper
chromatography, and paper electrophoresis, These DNP-pep~
tides were then comnletely hydrolyzed and the DNP-amino aclde
extracted., These, and the remsining amino acids in the
hydrolysates were separately charscterized by the same methods
used to purify the DNP-peptides. The dsta obtained led to
the conclusion that there sre three, and not two, residues
of lsoleucine, By charscterizing over 30 peptide fragments,
Crelg et al. proposed the following structure, with isoleu-

¢ine N-terminsl and aspartic acld C-terminsl. KNo attempt wase

lso-cys~-leu~-glu-igo~lys~orn-1go

I l
asp-asp-hie- ¢gal

made to locate the amide group, but a thlezoline ring which
was included involved isoleucine and cyeteine (p. 14). It
ie interesting to note that thie structure, including the

amide group and a molecule of acetic seid present in the
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standard prepasration of Craig et al. (8, 9), has a calculated
molecular weight of 1451.

Other Bacitracin Peptides

Relatively little hse been published about the other
peptides of bacitracin., There are perhaps several reasons
for thi&, the most 1mpartant being the difficulty of obtain-
ing any Qu&ntity of them in pure form, though this has un-
doubtedly been done in the'premeaa of purifying bacltracin 4.
~ Another probeble reason is their low sctivity and therefore
relative unimportance. The antibacterial activities of the
various bacitrescins have been reported by Newton and Abraham
(32), in units per mg.: A, 36.0; B, 13.5; C, 18.0; D, 0.5;
E, 0.3} Fy, 2.0; Fp 1.0; FB‘ 0.5; G, 5.0, The unit of activ-
ity is that defined by Arriagsds, ef al, (1).

No quantitative estimetions of the amino acid composi-
tions of the peptides other than bacitracin A have been pub-
~lished. Crude bacitracin contains a substance which on scid
hydrolysie behaves very much like vallne, both microblologi-
cally with L. mesenteroides (32) and on chromatography (35),
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but when 1solated as a crystalline material 1s not valine.

It has not been characterized as yet, so will be referred to
ag "valine®., This "vallne® i1s avrparently sssoclated with
bacitrscein B (5, 9) as an N-terminus, because DNP~-"valine"
hae been obtained from both crude DNP-bacitresoin (22) and
DNP-beecitracin B (32). DNP-isoleucine has aleo been lsolated
from a hydrolysate of DNP-bsclitracin B. Baecitrscine D and E
have also been reported to contain "valine®,

Baecitracine C and G yleld on hydrolysls a substance which
behaves like glyeine, The amino group of this glycine is
free, since it formg a DNP-derivative. Newton and Abrahsm
have consldered the fact that this glycine might come from
the ﬁsgra&ation‘of purines during hydrolysis.

All of the baclitracins contain cysteine, ornithine,
lysine, histidine, aspartic acid, glutamic aclid, ﬁh@nylalﬁw
nine, leuoine and/or isoleucine residues. ‘Bacitracins D

and E contain little if any amide nitrogen.

Craig et al, (9), and Newton and Abraham (32) have
studied the ultraviolet absorption spectra of the varlous
bacitracin peptides. Bacltracins B, D, and E, 1ike A, show
broad, weak maxima at 250-255 mp‘\ Bacitracing C and @ both
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have a strong, sharp meximum &t 258 mp with & shoulder at
268 mup, Bacitracin F has a shoulder st 250-255 mp and a
broad maximum at 288-290 mu.
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EXPERIMENTAL

Materials

Becltracin

Crude bacitracin was supplied by Commercisl Solvents
Corporation, Terre Haute, Indians in two lots. Lot B510221-4
had a labeled potency of 55 unite per mg., and lot C-373 was
labeled 63 units per mg., In the text these will be referred
to ag lot B and lot €, respectively. Lot B wag a pale yellow
powder and lot ¢ was white.

Beoltracin A was supplied by Dr. L. C. Craig of the
Rockefeller Institute for Medical Research, New York, N. Y.,
and was assumed to be some of his gtandard preparation (9)

containing acetic acid.

Chemicels and reagents were of reagent or c.p. grade
except where purity was not important, where technleal grade
wag uged. Ninhydrin used for quantitative determinstions

wag obtalned from Dougherty Chemical Company.
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Bagterial cultures

The following bacterial cultures which were used in
routine mieroblologicel ascays were regularly maintaina&:
Lectobacilius arabinosus 17-5, ATCC 801l4; Leuconostoo
gitrovorum,
ATCC 8081; Lmctobecillus brevis, ATCC 8287; and Strepto-

coccus faecslis, ATCC BO42,

megentercides P~60, ATCC 8052; Leuconostoge

Methods

The microbiologlcal assays were carried out by routine
procedure. The media used are those referred to aﬁﬂq, r, 8,
u and x by Fox et al. (14), with the amino acid to be assayed
omitted. Table 3 shows the medium ﬁsaé with each culture.

sﬁandﬁfa curves covered the range 0-50ug. except for
histidine, which was run between 0-20 mg. Final pH of media
before inoculation was 6.8 - 7.0 except for medium w, which
contained arsbinose. In this case the finsl pH was 6.5 in
order to reduce derkening while in the autoclave. Standards
were usually set up in duplicate, sufficlent water belng

added to glve a volume of 2.50 ml,
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Table 3

Hicroorganisme and Media for Microblologleal Assaye

Amino acid  Microorganism Medium®
Aspartic scid L. brevis, L. mesenteroides P-60 q
Cystine - L, mesenteroldes

Glutamic acid L. citrovorum

b

Histidine L. mesenteroides P-60 q T
Igoleucine , g:”arabin@suevl?fﬁ q
Leucine L,'arabinaaua 17-~5 | q
Lysine L. meaenterbi&@a P-860 8

Phenylalanine L. brevis

T B

Valine s. faecalls

8Letters refer to medls used by Fox et sl. (14),

Samples were hydrolyzed 18 to 20 hours at 120° with 6 N
hydrochloric acid. In some cages, a¢ indlcoated in the text,
constant bolling hydrochloric acid (glass distilled) was used,
inasmuch as this seemed to reduce the formation of humin
during hydrolyeis (18). The hydrolyzed samples were evapo-
rated to dryness in vacuo, the residues teken up in distilled

water and again evaporated to dryness. The resldues were



25

then redissolved in water, adjusted to pH 6.8 with 0.2 N
sodium hydroxide, and diluted to a known volume., In sequence
study II, the complete hydrolysis was carried out by reflux-
ing with a 1:1 mixture of concentrated hydrochloric acid and
98 per cent formie aclid for 18 hours. According to Miller
and du Vigneaud (24) and Hees and Sulliven (15), the destruc-
tion of cystine is reduced under these conditions,

Bamples were ususlly set up in duplicate at three dllu-
tions, with an attempt made to keep the amino scid assayed
between 10-30 ng., Buffleclent water was added to give a
volume of 2.50 ml., To standards and samples wae added 2.50
ml. of the eporopriate medium to give a total volume of 5.00
ml., in each agsay tube. _

Tubes were autoeclaved 15 minutes at 120°, allowed to
cool, and inoculated with a fresh 18 hour culture of the
appropriste organiem, washed and suspended in lisotonic saline.
Incubatlions were for 72 hours at 3?°« The assays were titrat-
ed with 0.05 N sodium hydroxide with the use of brom thymol
blue 1nﬁiu@tav*

The average titration values for the etandard at each
level were plotted, obviously aberrant values belng discarded,
and the somple values were read from this standsrd curve.
Sample values falling nesr elther extreme of & curve or on

atypical portions were not used, otherwise titration values
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were averaged for a gilven dilution and thie value read from
the curve., Values for & given sample from the curve were
“ecaleulated as ug., per ml., and averaged tevgive the final
agsay wvalue.

Ir samylsa d4id not give the same growth response curve
ag the standerds, the assay was repeated, quantity of samnle
permitting, |

Chromatographlic identiflcatlions on pape:

Gualitative ldentification of amino aclids was made by
one dimensionsl chromatography on Whatmen no. 1 paper either
by ascending or desecending technlque. BSolvenis used were
butanoltacetic acldiwster, 4:1:5 (34); and phenolipH 8.3
borate buffer, mobile phase:l00 ml. of liquefied phenol to
15 ml. of buffer, snd egquillibrating phase:l5 ml, of mobile
phage in 85 ml. of buffer (21). Papers used with the
phenolipH 8.3 buffer system were firet sprayed with the
buffer and allowed to dry.

Ascending technicue. Sheete of paper 8% by 11 inches
were used. Spots were esppllied along a line § inch from the
long edge of the peper and dried. The paper was rolled into
& cylinder with the short sdges not quilte meeting and stapled
in three places, The pap%xyeylinﬂar was placed in a ¢ inch
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layer of solvent in the bottom of & 1 gallon wide mouth,
gcrew cap Jer and the solvent allowed to ascend to the upper
edge of the oylinder.

technidque. Stripe of paper 22§ inches long

Descendir
and 1 %o 6 inchse wide were used, Solutions were applled on
spote slong & line 3 inches fraﬁﬁane end of the strip and
ehromatographed by descent in a Resesrch Eguipment Corpora-
tion, Model MC500, glass ehraﬁ#tsgraphia assenbly until the
solvent was within & inches of the bottom of the strip.

tion of emino acids. The dried papers were sprayed
with & ninhydrin reagent prepared by mixing 50 ml. of 0.2
per cent ninhydrin in weter-gaturated butanol, 15 ml. of
glacisl acetic acid, and 2 ml. of 2,4,8-collidine (21). This
reagent produces a variety of colors with amino sclds, from
light blue through purple to red and brown. The wet paper

was placed in a 105° oven for 2 minutes to develop the colors.

Peptides to be assayed were hydrolyzed 24 hours at 130°
with constant boiling hydroochloric acid., The hydrolysates
were eveporated to dryness in ¥acuo and the residuee dlssolved
in 1.00 ml, of water. A 0.50 ml, volume of each golution was

diluted with an equal volume of pH 3.42 0.1 M citrate buffer,
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The photometer tubes consisted of optically matched 18 by 50
mm. Kimble séf’s glase culture tubes (28).

The reagents were prepared according to Troll and Cannen
and were added to the tubes with a 2 ml. Alfred Bicknell
Agsoclates automatlc pipet in the case of the KCN-pyridine
and 80 per cent phenol. The ninkydrin sélutian wag added
with & 0.2 ml. pipet of the same type. The tubes were stop-
pered after addition of the ninhydrin and the reaction was
allowed to procesd 5 minutes at 95~100$. After cooling, 7.5
ml. of 60 per cent ethanol was added to each tube with a
Figher Volustat. Absorbancy resdings were mede agsinst re-
agent blanks (fractions from the column containing no amino
acld) to the nearest 0.0l unit at 570 mu on a Coleman Junior
gpectrophotometer. If the abasorbancy was greater than 1.0
the samples were dliluted with sufficlent 60 per cent ethanol,
in 5.0 ml. 4ncremente, to bring the reading below 1,0.

The abeorbency readings were converted directly to
micromoles of leucine from a standerd curve and these values
multiplied by the proper color yileld factor for the amino
acid b@iﬂg’aetarmimad. In cases where two or more amino acids
with different color yleld factors were eluted to give super-
impoged peaks, the ildentitles of the amino aclds present were
eestablished by paper chromatography of the fractions after

concentration. In such casee, the quantities of aminoc acids
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preegent could be expressed only ag equivalent micromoles of
leucine. Curves of micromoles amino acid vs. ml. eluted were
plotted and the total quantity of a given amino acid obtained
by integrating the ares under the proper peak on the curve.
The color yield for each amino acid to be determined
wag obtalned by running the ninhydrin resction in duplicate
on varlious concentratione of buffered solutions of & given
amino acld. Aqueous solutions of 0.10, 0,20, and 0.30 micro-
moles were pipetted into photometer tubes and evaporated to
dryness in vagcuo, Each residue was redissolved in 0.50 ml,
of the buffer solution, in which 1t would be found on elution
from the resin column, i.e., pH 3.42 or pH 4.25 citrate
buffer, or pH 6.8 phosphate buffer. In one determination,
the pH of the resulting solutlon was adjusted to 5 by addi-
tion of & calculated number of drspayaf N sodium hydroxide
or 0.5 N hydrochloric acid. In another determination, the
pH of each solution was left unchanged.

A 18.1 mg. sample of DL-leucyl-DL~vallne was dlssolved
in 30.0 ml, water and 23.7 mg. of benzoyl-DL-leucyl-DL-valine
was dissolved in 5.0 ml., of N ammonium hydroxide plus 25.0

ml, water. Seven 4.0 ml, aliquots were taken from each
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solution and placed ineeparste welghing bottles, where they
were evaporated to dryness in vaguo. To six of the identical
samples of each peptide were added 2, 10, or 50 moler ex-
cesgeg of ammonium thilocysnste and phenyl lsothiocyanate,
respectively, in 10 per cent acetlc acld in acetic anhyéri&a.'
The solutions were heated 30 minutes on a boilling water bath,
then avaperataﬁ‘;g“g§g§3. The dry residues were left in
contact with the sir for three days at this stage (16).

£11 the samples, including the untreated zliquot of
each peptide, were hydrolyzed 10 hours with 6 N hydrochlorie
acid at 120°. The hydrolysates were evaporated in vacuo,
then taken up in a few ml. of water and adjusted to pH
6.8 k 0,2 with 0.2 N godium hy&rcxi&s. The samples were
agaln evaporated in vaguoc and the dry reeldue allowed to
stand one hour with 1 ml. of ethyl acetate. The ethyl ace-
tete was decented and the residue washed with 2-3 ml. eof
dry ether. The dry sample was aiaaalvga in 40,0 ml. water

and mieroblologlical assaye run for lsucine and valine,

A 2.00 mg. sample of bacitracin, lot B, was hydrolyzed
at 120° for 14 hours with 5.0 ml. of 6 N hydrochloric acid.
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The hydrolysate wae evaporated to drynees in vacuo, taken
up in 5 mi. of water, and agalin evaporated.

A 10.0 mg. sample of baclitrsacin, lot B, was digeolved
in water to give a 10.0 ml., solution, and four 2.0 ml. all-
quots were pipetted into numbered 10 ml. beakers. Two ml.
of pyridine containing 40 mg. of phenyl isothlocyanate was
pipetted into each beaker and & drop of dbrom thymol blue |
added. The pH was adlusted to 89 by dropwise addition of
0.2 N godium hydroxide until the indlcator was blue-green,
and the samples were allowed to react at 37° for eight hours
with oceasional readjustment of pﬁ with godium hydroxlde.
The samples were then evaporated in wacuo over sulfuric seld.

Two ml. of dry dioxane saturated with dry hydrogen
chloride (13) was added to beskers AT,, ATy, and ATy, and
allowed to stand at room temperature for 6 hours. The
dioxene-HCl was evaporated off in vacuo over sodium hy~
droxide.

In thie manner, the sampleg were gubjected to & total
of 1, 2, 3, and 4 phenyl isothiocyanate trestments and 1, 2,
and 3 dloxane~HCl trestments respeoctively. Finally the dry
résiduea of the tréat&ﬁ samples were hydrolyzed in 4,0 ml.
of 6 N hydrochloric acid at 120° for 18 hours. The hy-
drolyeates were evaporated to drynees twice 1n vecug after
being dissolved in water. They were finslly redissolved
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in water, their pH adjusted to 6.8, and diluted to 50.0 ml,

for assay.

Sequenoce sty
A 33.0 mg. semple of bacltracin, lot B, was dissolved

in water plus 10-12 drops 0.1 N hydrochloric acid and made

up to 25.0 ml. B84ix 4.0 ml. aliquots were pilpetted into

welghing bottles labeled AT, through ATg., Aminoid blocking

reactions were carried out by adding 4.0 ml. of pyridine

containing 22 mg. of phenyl isothlocyanate, 1 drop of brom

thymol blue, and sufficient 0.2 N sodium hydroxide to raise

the pH to 8-9. The blocking resctlion was allowed to procesd

at 3?0 for 4 hours with occagional readjustment of the pH.

At the end of thie time the sanmples were evaporated to dry-

ness in wacuo and 5.0 ml., of dry dloxane-HCl added. This

wae allowed to react 6 houre at room tempersture, then

eveporated off Ain vaguo. This constituted & complete ami-

noild blocking and cleavage reaction. Each semple was sub-

Jeeted to & different number of such blocking reactlons from

none to #ix, each followed by a cleavage reaction, except

after the final blocking reaction. |

The treated sampléa and the control, ATy, were dilssolved

in e mixture of 2.9 ml. of conc. hydrochloriec acid and 3.1 ml,
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of 98 per cent formic acid (15, 24) and traneferred to 5 in.
Pyrex test tubes with ground glass Joints. These were fitted
with reflux condensers, and the samples were hydrolyzed in
an o1l bath at 110-120° for 18 hours. The solutions were
then evaporated in vagup over godium hydroxide and sulfurie
acld, The residues were taken up with water and agsin evap-
orated. They were dlssolved again in water and their pH
adjusted to 6.9. The solutions were slightly cloudy at this
point, so they were filtered into 50 ml. volumetric flasks

end made up to volume for assay.

Rate study I. Partis
acetic acid

Partisl hydrolysis. Four 15.0 mg. samples of bacltracin,
lot B, were welghed into welghing bottles and dissolved in
2.0 ml, of 1:1 10 N hydrochloric acid-glaclal mcetic acld.

The bottles were stoppered and the gamples were allowed to
hydrolyze 1, 2, 4, and 8 days, respectively at 379. Hydroly-
sls was etopped by evaporating the samples to dryness in
¥acuo over sodium hydroxide at room tempersture. The dry
reslidues were redlssgolved in 2 ml, of wéter and agaln evap~
oreted to drynegs. Each ﬁample was then dlesolved in water

and diluted to 25.0 ml., Four 6.0 ml. allguots were taken



35

from each sample solution and pleced in separate welighing

bottles labeled Ty, CTy, ATy, or AT, (see Table k), together

with a number corresponding to the number of days the sample

wag pertislly hydrolyzed., These solutlons were evaporsted

_&& V’ag"ﬁl@ '3
Table 4
Key to Symbols Used
Symbol Definition
DNP 2,4-dinitrophenyl
PTC phenylthiocarbamyl
PH 3-phenylhydantolin
PTH 3-phenyl-2-thichydantoin
To or ATy peptide hydrolysate having hed no pre-
~ vious blocking trestment
Ty one carboxold blocking treatment prior
to comrlete hydrolysis
ATy one aminold blockling treatment prior to
complete hydrolysis
AT, n successive aminoid blocking trestmente
prior to complete hydrolyels
XAT, alkaline hydrolysate of extract of phenyle
\ thiohydantoins in hydrolyeate of
sample given n aminoid blocking
treatments
R recovery sample
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ng tre Samples labeled AT, or AT, were
disgolved in 3.0 ml. of water and 3.0 ml. of pyridine con-
taining 20 mg. of phenyl isothiocyanate. Two drops of brom
thymol blue were added %o each, and sufficient 0.2 N sodium
hydroxide to give a blue-green color with the indicator (pH
8-9), The samples were kept at 37° for 8% hours with occa-
glonal reasd)uetment of pH. The samples were then evaporated
An vacuo over sodium hydroxlde.

Bamples labeled A?z were dlgsolved in 5.0 ml. of dry

dioxane~HCl and allowed to stand at room temperature for 16

hours. They were then evaporated to drynees in vaguo over
sodium hydroxide and sulfuric scid. The residues were
treated with slkaline phenyl isothioecyanate exactly as
before, then avaparat@é_;g‘ggggg,'

Samples labeled CT, were dissolved in 4,0 ml. of 10 per
cent acetic acld in acetic anhydride. Four mg. of smmonium
thioeyanste was added to samples CTy~-1 and OT,-2; 10 mg. of
ammonium thiocyanate wag added to cwlna and GTlna. The
golutions were heated 30 minutes on a bolling water bath,
then evaporated in vacuo. The dry residues were left open
to the air for about four days.

Sanples labeled Ty were used as controls, and were

therefore subjected to no blocking treatment.
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Complete hydrolysis. All of the samples were hydrolyzed
with 5.0 ml. of 3 N hydrochloric acld at 120° for 16 houre.
The hydrolysates were evaporated in vacug, redissolved in
3-4 ml. of water and their pH adjusted to 6.8 with 0.2 N
sodlum hydroxide., The neutral solutlons were diluted to 25.0

ml., with water and filtered prior to microbiological assay.

scetic aecid

Seven 75.0 mg. samples of bacitracin, ;ﬁt B, were
welghed into wéighing bottles and dissolved in 10 ml. of a
1:1 mixture of 10 N hydreochloric acld-glacisl acetic acid.
The salutiams were placed in a 3?°‘aven and one removed and
avaporaﬁéd;$g ¥scuo at 1, 2, 4, 8, 16, 32, and 64 days. The
residues were taken up in 2 ml., of wabter and again evaporated
to drynesgs in vacuo.

Each residue was redissolved in 0.5 ml. of water and
2 A of each solution was chromatographed, by descending
technique, with butanol:scetlic acldiwater. A sample of un-

hydrolyzed bacltracin, lot B, was algo chromatographed.



Five 12.0 mg. samples of bacitrsein, lot B, were weighed
into welighing bottles and labeled Ty, CTy, ATy, BT, and
RAT;. To RTp and RAT) were &ﬁé&ﬁ 2.00 mg. of L-isoleucine
end 1.00 mg. of L-leuclne.

Blocking trestmente. Samplee AT} and RATy were dissolved

in 5.0 ml. of wat&r p1ua 5.0 ml. of pyridin& contalning 23
mg. of phenyl lsothiocyanate., Two drops e: brom thymol blue
were added to each and suffieient 0.2 N sodlium hydroxide to
raise the pH to 8-9., The reaction was allowed to proceed 6
houre at 37“ with occselonnl readjustment of pH, then the
solutions were evaporated in vacuo over sulfuric acild.

Bampole CTy was dlssolved iﬁ a mixture of 9.0 ml., of
acetic anhydride and 1.0 ml. of acetic acld contalning 23 mg.
of phenyl isothiocyanate. The solution was heated 30 minutes
on a boillng water bath, then evaporated in vacuo over sodium

hydroxide. |

Samples T, and RT, were left untreated ae controls.

Complete hydrolysis. All the samples were hydrolyzed
20 hours with 10.0 mwl. of constant boilling hydrochloric acid
at 120°. ?h&yhydrolyﬁataﬁ were evaporated to dryness in

vacuo, the residues dissolved in 10 ml. of water, and thelr

pH adjusted to 6.6~7.0 with 0.2 N sodium hydroxide. The
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golutione were filtered into 100 ml., volumetric flasks and

diluted to volume with water prior to microbicloglcal assay.

Thirty-eight
greme of nickel-pluminum alloy was dlssolved in sodium hy-
droxide, following the procedure of Hegziﬁgm {25). After
all the alloy had been added at 5-10°, the suspension was
allowed to stand overnight at room demperature. From this
point, the procedure of Monzingo et al, (27), was followed.
}Thﬁ gsuspension wae heated on a water bath at SGQ for one hour
with occasional stirring. The liquid was then decanted and
the Raney nickel resuspended in 200 ml. of water (redistilled
water wae used throughout), allowed to settle, and the liguid
sgain decanted., The nickel wag transferred by means of watepr
washings to a 250 ml, glase stoppered mixing ecylinder, the
water decanted, and & solution of % g. of sodium hydroxide

in 50 ml. of water added. Thie mixture wae shaken and the
slkali decanted. The nickel wes then washed 15 times with
200 ml. portione of water, the suspension then being neutral
to litmue. The nickel was weshed 11 more times with water,

3 times with 95 per cent ethanol, and 3 times with 50 ml,
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volumes of absolute ethenol. The sective Raney nickel was
stored under sbeolute ethanol.

Hydrogenolysis of baclitracin. A 0.5 g. sample of haci-

tracin, lot B, was dissolved in a mixture of 25 ml. of ethanol
and 10 ml. of water. A suspension of about 5 g. of Raney
nickel in 25 ml. of ethanol was added, and the mixture re-
fluxed on a water bath for one hour. The catalyst wase
filtered off and washed several times with aq. ethanol (5:1),
the w&shingﬁ being added to the filtrate. The solution was
évapera%sé to about 5 ml. over celclum chloride in vacuo.
Thls was dlluted %o abaut\15& ml. with water end the pH
adjusted to 5.0 with 0.1 N hydrochloric acid. The sclution
was extracted three timee with one per cent (w/v) 8-hydroxy-
quinoline in chloroform, using one 50 ml. portion and two

25 ml, portions., Thie was followed by four 50 ml. extrao-
tions with chloroform. It was necessary to add 10 ml, of
ethanol with the firet éhlarafarm washing to prevent the
formation of an enmulsion, The aqg. golution was evaporated
in vecuo to about 100 ml. over calcium chloride, Anhydrone,
and godium hydroxide. A few ml. of ethanol was added to the
solution, which was warmed slightly to dissolve sugpended
material. The product was then lyophilized, ylelding 284

mg. of & whlte powder.
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_produgt. The product wae tesgted

by sodium fuslon for the presence of sulfur and halogen, as
was bacltrscin. HNelther bacltracin nor the hydrogenolysis
produet contained halide, but the latter still contained a
small amount of sulfur when compared with bacitracin. Nelther
bacltracin nor the hydrogenolyeate gave ény color with sodium
nitrepruaside in the presence of cyanide and smmonis; cysteine
gave a strong magenta color under these conditionse. HEydroly-
sis of both bacitraclin and the hydrogenolysate in 0.1 N hydro-
chlorie acid for 20 min., at 100° resulted in bacitracin giving
a fairly strong nitroprussgslde test, while the hydrogenclysate

gave & very weak one.

Sequence study of

desulfurized bscltrscin

Ninety mg. of the hydrogenolysis product of bacltracin
dissolved in 50.0 ml. of water was divided into seven 7.0 ml.
aliquots in weighing bottles. The bottles were labeled Ty,
CTy, ATy, ﬁ?z,,£$3, ATy, end &?53 and the aliguots were
evaporated in vscuo.

The AT samples were dlssolved in

5.0 ml. of water plus 5.0 ml, of pyridine containing 44 mg.
of phenyl lsothiocysnate. Two drope of brom thymol blue were
added, and the pH adjusted to 8-9 by dropwise additlion of
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Extraction of thiohydantoine and phenylthiohydantolns.

Samples CTy and ATy-AT), were extracted six times with 5 ml.
volumes of &thyi“a@@tate, by warming over steam, allowing the
@thyl scetate to cool, and then decanting it into & weighing
bottle marked with the gsmple deslgnation preceded by an X.
Sample AYs was dlseolved 1n'§ ml. of water and extracted by
shaking with three 5 ml. volumes of chloroform, followed by
three 5§ ml. volumes of ethyl acetate. All the extracts were
evaporated to dryness on & water bath.

Alkaline hydrolyels of extrects. The dry extracts were

taken up, by warming, in smell volumes of ethyl acetate and
transferred to 12x75 mm. Pyrex test tubee. The extractes were
evaporated to dryness in the test tubes in a water bath, and
finaelly dried in vacuc. Two ml. of 0.25 N barium hydroxide
was added to each tube, which was then sealed off., The con-
tents of the tubes were hydrolyzed at 140° for 48 hours, the
tube o¢ooled, and broken open. The barium was preclpltated
by the addition of 0.5 ml. of W sulfuric acid, The solutions
were then transferred to small welghing bottles and evaporated
to dryness in vacuo. The residues were taken up in 0.5 ml.
using butsnoliscetic scid, and phenol:pHE 8.3 borate buffer.
The dry, extracted hydrolysates of the original samples were
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also dissolved in 0.5 ml. of water and chromatographed using

the same solvent gystems.

Performic acid oxidation of bacitr:

Performic sclid wae prepared by mixing 1 ml. of 30 per
cent hydrogen peroxide with 9 ml. of 88 per cent formic acld,
according to Toennlies and Homiller (42). The solution wes
allowed to stand 30 minutes at room temperature before use
(30). A 113.0 mg. sample of bacitracin A was diseolved in
5 ml. of the performic acid and the reactlion was allowed to
proceed 30 minutee at 3&“,(3&). The oxidation was stopped
by the addition of 5 ml. of water, followed by evaporation
of the solution in vaguo over sodium hydroxide,

The white reslidue wes dlseolved in 2 ml. of methanol and
20 ml. of acetone added, precipitating the oxidation product.
The solvents were evaporated off in vacuo in order to remove
any ram&iniug‘férmic«&eia. The dry reslidue was dlssolved in
2 ml. of warm methanol end the solution was transferred to a
tared centrifuge tube with three 2 ml. methanol washings.

The oxidatlion product was again precipitated by the addition
of 20 ml. of acetone, ana‘waﬁ centrifuged out. The slightly
opalescent supernatant wae decanted into another tared

centrifuge tube, while the centrifugete was washed three
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times with 15 ml. volumes of acetone by centrifugation, It
was finally dried in vacuo snd welghed; yield 74 mg. Thie
wae designated fraction 4.

An equal volume of acetone was added to the originsl
supernatant, producing more white vrecipltate, which was
centrifuged out, washed, dried, and weighed as with fraction
A. Thie material was designated fraction B; yleld 22 mg.

The supernatant from fraction B produced more precipitate
on standing so the eolvent was evaporated off and the yellow
residue, designated fraction C, wae dried ln vacue and
welghed; yleld 22 mg. The combined yleld of the three frac-
tions was 118 mg. (100 per cent of theoretical).

Seguence study of oxidiged basecitracin A

Two 10.0 mg. esamples of performic-oxidized bacltracin
&, Tractlion A, were digsolved in 2.0 ml, of pyridine and 3.0
ml. of water. The semples were labeled ATg and ATy. To ATy
was added 1.0 ml. of pyridine contalning 22 mg. of phenyl
lsothlocyanate, end 1 droz of brom thymol blue plus 3 drops
of triethylamine. The solution was kept at 37° for two
houre, then, together with sample ATy, evaporated to dry-
ness in vacuo over sulfuric a2c¢id, The residuee were dls-
solved in 5.0 ml., of conetant boliling hydrochloric acld and
hydrolyzed for 24 hours at 120°. The hydrolysates were
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evaporated in vacug over sodium hydroxide and sulfuric
acid.

The residues were dissolved in 1,00 ml. of water and
0.50 ml. portions of each were mixed with equsl volumes of
pH 3.42 0.1 ¥ citrate buffer. These solutione were analyzed
for thelr amino acid content by quantitative ohromatography
on Dowex-50 columns, following the procedure of Moore and
Stein (29). The effluent fructione were aesayed by the

ninhydrin procedure of Troll and Cannan (41).
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RESULTS
Hinhydrin Ceolor Yields

The gquantitative ninhydrin reaction of Troll and Ganﬁan
(41) 1s reported to give equal color ylelds on a molar baele
in water solutions of &l]l the common amino aclds except pro-
line and hydroxyproline. Thie is not the case when the amino
aclds are in buffered solutions of the compositions obtained
from Moore-Stein ion exchasnge columns. The color ylelds for

some amino acids under such conditions are shown in Table 5.
Carboxoid Blocking Reactlon Conditions

Table 6 shows the recoveries of leuclne and valine with
different carboxold blocking conditions. For each peptide,
the results are expressed as the percentage of amlno acld
found compared to the untrested control sample. Kach value,
including 1te standerd deviation, weas calculated from the

mean of eix titrstion values for each sample.
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Table 5

Color Yields from Amino Acide on & Molar Baslse
Relative to Leucine

Amino socid’ pH of buffer
342 L, 25 6.8 5.0
Alanine .79 ) -
Aspartic acld A8 .23
Cystelc acid - .25
Cysteine - .30
Half-cystine 24
Glutamic ecld .60 .30
Histidine .80 71
Isoleucine 1.02 1.00
Leucine ' 1.00 1.00
Lyeine | .21 «33
Ornithine . ——— .35
Phenylslanine - .90

Valine , .98 ——
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Table 6

Percentage Recovery® of Amino Acids in
Carboxold Treated Peptides

Peptide } Molar excese of blocking reagent
Ammonium thiocysnate Phenyl lsothlocyanate
2 10 50 2 10 50
Leucylvaline:
leucine 7916 7246 10148 7046  95+11 96112
valine 3042 1941 36kl 562 5942 5043
Benzoylleucyl-
valine:
leucine 89+6 10216 88+5 6513 8346 = 104+5
valine S 332 2941 28+t2 45t5  L8t3 5113

2Including standard deviations.

Puntreated gamples equal 100 per cent.
Bacltracin Sequence Studles

Tables 7 and 8 show the results of two serles of sequen~
tial residue anslyses of commerclal bacitracin. The assay
organisms employed utilized only the L~ forms of the amino
acide in the hydrolysates. No organisms were available for

the assay of ornithine.
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Table 7
Bequential Residue Anslysis of Commerclal Bacitraein

Study I

Amino scid | Percentage amino acid found
ATq ATy AT AT ATy,

Cystine 3.5 1.8 1.3 1.3 1.8
Histidine 8.4 8.8 8.2 8.4 7.9
Isoleucine 36. 19. 17. 21, 20.
Leucine 9.5 8.9 9.0 8.9 8.9
Lyeine 8.8 9.2 10.7 11.8 11.8

Rate Btudies

| Table 9 gives the microblologlcal assay results of
partial hydrolysatee of commerclal bacitracin which have been
gsubjected to verlous blooking trestments. The data are pre-
sented graphically in Figuresg 1-5. The zero time value is
teken from the mean Tg value for each aminoe aclid. Figure 6
is & chromatogram showing the progreesive liberation of
amino acide during the partisl hydrolysis of commercial

bacitracin,
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Table 8
Sequentis]l Resldue Analyseg of Commercial Bescltracin
Study II
Amino acid V Percentage amino acid found

Aspartic acid® 5.3 6.0 5.6 4.8 4.9 5.2 5.0

Cystine 6.7 == b7 1.9 0.8 0.7 0.7
Glutamic acid 2.2 1.8 1.6 1.1 1.2 0.8 0.8
Higtidine 8.1 9.3 9.3 7.8 7.7 6.8 7.1
Isoleucine 33. 29. 29. 31. 29, 32. -
Leuagna 6.2 7.1 7.2 5.9 5.7 5.2 5.5
Lysine 2.2 2.8 2.8 2.4 2.6 2.8 2.6
Ornithine o T - B - o - e
Phenylalanine 0.4 0.4 0.4 0.3 0.5 0.4 0.4

°L. brevis.
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Table 9
Rate Study I. Pertial Hydrolysis with HCl:iAcetlc Acid

{Values are number of residuss, based on &
molecular weight of 1470 for bacitracin)

&mino acid ﬁ&yzizi Blocking treatment

hydrolyels Ty ery A%y ATy
Aspartic acid® 1 .96  1.22P 1.00P 1.08D
| 2 1.01 1.4 1,00 1,02
b 1.050 1,00b .90p .63D
8 1,000 0.88 1.05P J40ob

Histidine® 1 .66 A1 ——— .85
2 » 66 » 39 ""‘"‘“f“ - 83

8 . 59 . 28 Az . 34

Lysine 1 .71 .82 72 .67
2 .70 68 .74 .62

L 71 .65 .70 . 60

8 . 69 - 58 » 72 ] 52

Isoleucine 1 1.98 2,04 1.69 1.59
2 2,04 2.11 1.67 1.37

L 2.00 2,02 1.52 1,04

8 1.99 1.98 1.30 .76

2 91 77 80 83

g .87 75 75 .59

.90 +63 .72 « 56

8L. brevis.
Pprom single titration value.

€A1l data from single titration values,



Figure 1
" L-Aspartic Acld in Treated Partial Hydrolysatee
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Figure 2

Histidine in Treated Partiel Hydrolysates
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Figure 3 |
I;yaina in Treated Partial Hydrolysates
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Figure 4
L-Iscleucine in Treated ?aﬁ:ml Hydrolysates
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Figure 5
Leucine 1n Treated Partial Hydrolysates
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Figure 6

Chromatogram of Bacitracin and Partlal
Hydrolysates of Bacltracin

(Bolvent System: Butanoltdcetic Acid:Vater)
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data glven are for Dl-aspartlc acid., Bamples RTy and RATy
were the same as Ty and ATy respectively, except that they
contained 1.00 mg. of L~leucine and 2,00 mg. of L-isoleucine.
The recoveries of added isoleucine and leucine were
calculated from the differences between the actual amounts
of these aminc acids found in the recovery and non-recovery

gamples., The results (percentage recovered):

isoleucine 87 L.g
leucine 106 11.5

Flguree 7 and 8 show the chromatograms of the hydrolyzed
treated peptides and the hydrolyzed thiochydantein and phenyl-
thiohydantoin extracts from the sequential blocking treatménta

of desulfurized bacitrsacin.

Oxidized bacitraecin A

Flgure 9 showe the effluent pattern obteined from the
Dowex~50 columns for & hydrolyzed 5.0 mg. sample of performic

oxidized baecitracin A, The number of resildues shown in
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Terminal Resldue Btudles

Bagitrsacin

Table 10 shows the microblologiesl assay results obtalned

from the pecidue study of commercisl bacitracin,

amino acids known %o be present in the L-configuration were

asgaysd,

which will utilize both the D- and L~ forms, therefore the

Aspartic acld wee assayed with L, mesenteroides

Table 10

Baclitracin Terminsl Regidue Btudy

Only the

Amino acid

Number of resldues

To RTp ATy RATy CcTy
Aspartic acid® 1.88 1.89 2.02 1.97 1.79
Hietidine (let detm.) .72 - —— .75 e .63
Histidine (2nd detm.) .79 .81 .78 .83 .70
Isoleucine 1.92  1.66P  1.83  1.72P 1,38
Leucine 0.89 0.96° 0.9% 1.06° 0.88
Valine 14 .14 .11 Jd1 .13

81, mesenteroides.

Poaloulated after correcting for added isoleucine.

®Calculated after correcting for added leucine.
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Figure 7

Chrometogram of Samples from Seguence Study
of Desulfurized Bacltracin

(Solvent System: Butanol:Acetic Acid:Water)
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Figure 8

Chromatogram of Samples from Sequence Study
of Degulfurized Bacltraecin

(Solvent System: Phenol:Borate Buffer, pH 8.3)
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Flgure 9

Effluent Patterns from Jon Exchsnge Columns of Hydrolysate
of Oxidized Bacitracin A
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Table 11 were caleulated by integrating the polnts in micro-
moles per 0.5 ml. under sach peak of the effluent patterns
(the effluent pattern for ATy is not shown), multiplying each

sum by 2 to give the number of micromoles of amino acid per

Table 11
Amino Acid Composition of Oxidized Bacitraecin A

Amino ecid Number of residues®

ATy T
Cysteie acid | 0.58 0.62
Agpartic scid 1.91 2.24
Glutamic acid 0.91 1.06
Isoleucine + leucine 3.70 3.48
Phenylalanine 0.96 1.04
Histidine 0.45 0.49
Ornithine 0.38 0.43
Lyeine 0.94 0.99

BCeloulated from a molecular welght of 1520 baeed on a
molecular welght of 1450 for baecitracin A.
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5.0 mg, sample, and finally dividing the number of micro-
moles by 3.3, the calculated number of micromoles of oxidized

bacitracin A per 5.0 mg.
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DISCUBSION
Carboxold Blocking Reaction Conditions

Thie experiment was carried out in order to supplement
the resulte of Hurst (16) with regaerd to the microbiological
‘raeavery of the N-terminal reeslidue of & peptide following &
reaction which ie intended to block only the C-terminal resi-
due. The data of Tsble 6 indicate that eilther blocking re~
agent geve about the eame recovery of leucine, except perhaps
8t the two mole excesgs level where the benzoylleucylvaline
trested with phenyl 1lsothlocyanate gave coneldekrably less
leucine than the one treated with ammonium thiocyanate.

The valine dats indicate that phenyl isothlocyanste 1s
& poor C-terminal blocking reagent, having removed only about
half of the valine as the phenylthiohydantoin. On the other
hand, ammonium thlocysnate consistently removed better than
70 per cent of the #alina a8 th@‘thiohydantain. The level
of excess blocking reagent dld not appear to be signifilcant,
though in general the beet resultes were obtalined with a 50

mole excess of reagent for both leuecine and valine.
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Sequence Studles on Bacitrsaecin

~ These two experiments were carried out before any
specific information had appeared in the litersture concern-
ing the optical configurations of the known amino scid reei-
dues. The data of Table 8 confirm the findings of Cralg,
Hausman, and Welgiger (6) that glutamic acid, phenylalanine,
and one resldue of aspartlic acld are of the D-configuration.
The low assay resulte for thege amino acids can be explained
by the lnabllity of the assay organisms to utilize the D-
forme. The low values for lysine are inconslietent with the
date of Table 7.

An assumption that bacltracin was composed of straight
chain peptides 1sg not supported by the data of Tables 7 end
8, inasmuch as no consistent or well-defined decrements can
be seen in the assays with succeesive aminoid blocking ﬁreatw
mente., A relative decremse of 50 per cent for iscleucine in
Table 7 after one trestment lg not found in Table 8; the same
ie true for cyetine in Table 7, where 21l the values are go
low as to be within exverimentasl error. The decrement in
cystine in Teble 8 from 4.7 to 1.9 per cent after three
treatmente may be significant, and would therefore indlcate
that cysteine ieg the third residue from the N-terminus. The

decrease from 6.7 to 4.7 per cent in two trestments seems to
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point to partial blocking of cyeteine which 1s nearly complete
after the third trestment. The D-ligoleucyl-cyeteinyl struc-
ture involving a thiazoline ring which has been proposed by
Cralg, Hausmenn, and Weisiger (8) might'unaargo gradual degra-
dation, with concomitant blocking of the resulting cysteine
residue, as & result of several blocking treatments. No drop
in isoleucine could be expected from mieroblologlcal assay
resultes 1f the N-terminus ie & D-igoleucine residue. The
cystine found in the untreated sample (Table 8) compares
favorebly with the value of 7.4 per cent reported by Cralg

et 81, (6) from chromatographic analysis.

In generel, there is no definlite indication from these
studies of an R-terminus in becltracin, at least in the major
peptide, If an N-terminus existe, 1t does not appear to be
susceptible to quantitative blocking with phenyl isothlooya-

nate.
Rate Studies

Inspection of the chromatograme of partial hydrolysates
of bacitracin in Flgure 6 showe thst both aspartic acid and
histidine are rapidly liberated under the conditlone employed,
Glutamic acld appears to be liberated almoet as rapldly,
followed by ornithine and/or lysine, and cysteine, The
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leuclines seem to be liberated at the glowest rate. AL the
end of 64 days there is still some material giving Re values
higher then leucine (.62) and which may therefore be leucine
or isoleucine peptldes.

' The data of Table 9 also glve definite indleetions that
certalin peptide bonde were preferentially hydrolyzed to vary-
ing degrees while others were not at all during the period
employed, These observations are similer to those of Coneden,
et al. (4) with Gramicidin 8, under the same hydrolytic
conditlions.

Figure 1 indlcatee the degree of hydrolysle of peptlde
bonde Involving L~aspartic acld or a bend one residus removed
from the amino group of L-aspartic acld. The date does not
apply %o D-aspartic acld, since the asssay organism used, L,
brevis, cannot utilize thle isomer at the assay levels. The
eurves indicate that the L-aspartic scid amino group is not
liberated, but that the bond adjacent to it is hydrolyzed.
These facts are more olearly illustrated in Figure 10 which
ghows the percentage of a given bond opened, baged on the
control samples, &s a function of time. These curves, as
are those of Figures 1ll-14, are plotted from deta calculated
from Table 9. No attempt wes made to cslculete the rate of
liberation of the carboxyl group of sspartic acid, since the

thiocyanate blocking reaction gives anl$ya small percentage



Figure 10
Rste of Flesion of Linkages Assoclated with L-Aspartic Acid
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Figure 11
Rate of Fiseion of Linkages Assoclated with Hietldine
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Figure 12
Rete of Fission of Linkages Assoclated with Lysine
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Figure 13
Rate of Fisslon of Linkages Associated with L-Isoleucine
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Figure 14
Rate of Fission of Linkeges Assoclated with Leucine
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of theoreticel thiohydantoin with sspertic and glutamie
acids (50);

Figure 2 1s a graphical representation of the histidine
data from Table 9. Both the carboxyl and amino group were
rapldly opened under the experimentsl conditions. But, as
can be geen more resdily in Figure 11, the bond adjacent to
the hlstidine amino group did not open ae rapldly. The indi-
cation of rapid hydrolysis of both peptide bonds involving
histidine le substantlated by the fect that a well defined
histidine spot was found on the paper chromatogram of the
eight dsy hydrolysate (Figure 6).

The lysine ol-amino group was not observed to undergo
liberation ae can be seen from Figures 3 and 12, nor did the
carboxyl group to any greszt extent. The peptide bond adjlacent
to the lysine ol~amino group wae opened to & greater extent.

Nelther of the L-isoleucine carboxyl groupe, &8 seen in
Figures 4 and 13 were liberated at all in eight days. Any
D-isoleucine present (8) could not be detected by microblo-
logical assay., DBecause two resldues of L-isoleucine have
been found, it is not possible to distingulsh between them
from the rate dataz alone, There 18 no reason to expect that
peptide bonds involving their amino groups should hydrolyze
at the same rate, since the other residue bound to isoleucine

would algo be a determining factor. The bonds adjacent to
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the isoleucine amino gﬁaup& were colleotively hydrolyzed to
aebout the same extent as the amino groups themselveg were
liberated. |

Ae shown in Pigures 5 and 14, the bond sdjacent to the
leucine amino group undergoes a rapld initisl hydrolyeis, but
then hydrolysis egtops at two days with less than 20 per cent
of the bond hydrolyzed. Thie seems to indlcate that about
82-83 per cent of thie bond is stable toward the hydrolytic
conditions employed. It ie interesting to note that the bond
adjacent to the leucine amino group is not a conventionsl
peptide bond in the becitracin A sequences proposed by Cralg
et al. (8) and Lockhart et al. (22) but ie part of the pro-
posed thilazoline ring (33) involving cysteine, Whether or
not such & ring system is stable toward hydrochloric acid-
acetic acid hydrolysis at 379 is not known, but if the
proposed structure of bacitracin A ie correct (8), the ini-
tial 17-18 per cent hydrolysis of the bond in question in
commercial bacitracin could have taken place in minor bacl-
tracin peptides with different residue sequences, and/or
without the thiazoline ring system.

When the rate curves of Figures 10-14 are compared 1t
can be seen that seversl of them coinclde rather closely,
while others are’eimilar elther in general level of hydrely-

sis or in their slopes, even though displaced from one
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another. The C-leucine curve very closely coincldes wiﬁh
that of penultimate lyeine. Likewlse, except for the ini-
tial pointe, C-lyeine almoet exactly coincldes with penulti-
mate hiestidine., Both showing no hydrolyais, C-isoleucine

1e similar to N-lysine. Although they have quite different
slopes, both C~histidine and penultimate asepartic acld show
much greater extents of hydrolysis then any of the other
curves, and may therefore be related,

Table 12 indicates come of the two-resgldue seguences,
with or without an intervening residue designated by x,
which are indlcated on comparison of all the rate curves of
Figures 10-14., BSome ﬁaqueﬁaaa for which there ls strong
negative evidence are also listed.

All possible combinations of the sequences shown in

Teble 12 result in the four longer partial sequences:

~leu-1g0wlyg-x~hlp=xeasp- (1)
~18u=180~1ygmX=lB0~eahig~X~a8pD~ (2)
~letmX~180~1yB~X~hig=X-88p~ (3)

»leUumX=180~1yB=X~180~~~hNig-Xx~g8p~ . (&)
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Table 12

Partial ﬁsqm@naas}frmm Ratﬁ Btudy I

Possible Invrobable
his-x-asp® P iso~-x~hig®
lys-x-hie }
lyamxuise“ iso~x-1g0
leu-x~lys ‘ 1ao»leua
1eu~x-1g0%s P

iso-is80

leu~iso (7)

iso-lys®

apgrees with Crelg et al, (8).
bﬁgrﬁaa with Porath (36).

®Does not sgree with Cralg et al. (8)
dpoes not agree with Porath (36).

-~ Of these, none agrees with the structure of Porath (36) for
bacitracin A, but no. 4 agrees with the sequence of Cralg
et al, (8), part of which is:

-leu-glu=igo-lys~orn-igo-gal-hisg-asp-asp.
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Terminal Residue Studies

Bagitrescin

The initlsl purpose of this experiment was to absolve
gome uncerteinty concerning the utiligstion of the phenyl-
thiohydantoins of igoleucine and leucine by the aspay organ-
ism, L., ersbinosus. Known amounts of isoleuclne and leucine,
roughly equivalent to thoge amino aclds bound in bacitracin,
were added to two samples. Two other ldentical bacitracin
gamples were not recovery samples, i.e., had no added leucine
or isoleucine. In the case of lsoleueclne, 87 per cent wes
recovered on ageay of the untreated samples, but only 4.6 per
cent following an alkaline phenyl isothlocysnate treatment.
One hundred per cent of the leueine was recovered prior to
blocking, and 11.5 per cent afterwards. It therefore can be
gald thet lsoleucine-PTH ie not utilized for growth 1in place
of isoleucine by L. arsbinosus, nor does leucine-PTH seem to
replace leucine to a slgnificant extent.

The experiment failed to show any N-aspartic acid of
either configurstion. Two resldues of aspartic acld were
indicated, for L. mesenteroldeg responds to either isomer
with nesrly the same growth at assay levels. The decrecse

from an average of 1.94 residue for the untrested and aminoid



9l

treated samvlee to 1,79 residue for the carboxold treated
gample represente a drop of 8 per cent in the total aspartic
acid, but inasmuch as only one residue can be C~terminal in
& glven molecule thie 1s equivalent to & dron of 16 per cent
of a possible C-terminal aspartic scid residue. Swan (40)
hag reported that sspartic acid or glutamle acld ls converted
into & mixture of two anhydrides when heated with acetloc an-
hydride in the presence or absence of ammonium thiocyanate,
end that on hydrolysis, only one of these anhydrides can
undergo conversion %o the thiohydantoin. He reports that in
the cece of N-acetyl glutamic aclid the yileld of this thiohy-
dantoin never exceeds 10 per cent, with correspondingly low
Yields of the aspartlic acld thlohydantoin., Thue a drop of

16 per cent in the recovery of one aspartlic acid residue,
though indicating only a 16 per cent conversion to the phenyl-
thiohydantoin eould be indicative of C-aspertic acld in the
main portion of bacitrecin. (This finding is especislly
significent when it 1c considered that the phenyl ieothio-
cyanate used in thie experiment isg only half as effective as
ammonium thiooyanate as a carboxoid blocking resgent (Table
6) under ordinary conditions, i.e., the terminsl residue not
& dicarboxylic aeid.) The findings of Craig et al, (8)

confirm this.
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It is possible to speculate on the optical configuration
of this terminal aspartic residue by considering the evidence
for a -hietidyl-x-aspartyl- sequence (Table 12) from the L.
brevig assay. BSlnce this orgenlism cannot utilize D-aspartic
acld at assay levels, the seguence may well be hlstidyl-x-
L-aspartyl. The structure of Cralg et gl. would then contain
~histidyl-D-aepartyl~L-aspartic acld. However, the two
columns labeled T, and CTy for aspartie acid in Table 9 give
no indication of any carboxold L~aspartic acid.

The valine assay in Table 10 wae made to check the
finding of Newton and Abraham (32) that 4200 ug. of crude
bacitracin gave the same growth response with L. mesenteroides
as 117 pg. of DL-vallne. This is equivalent to 0.17 residue
of L-valine per molecule of bacitraein, based on a molecular
welght of 1450, Thie velue agrees well with the 0.14 resi-
due from the 8., faecalis assay in Table 10. At the low level
of the assay 1t lg not possible to determine whether or not

any of the veline is N~terminal, as reported by Newton and

Abrsham,

Examination of Ty in Flgures 7 and 8 reveals that very
little cystelne was reduced to alanine by hydrogenolysls of
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bacitracin. Faint slanine spots (Rp .30) appear in XATy and
Xﬁ?g in Figure 7, but no alanine iz evident in any of the
hydrolysetes in FPlgure B. Apparently the emall smount of
alanine formed fram cyeteine is N-terminal, having been pre-
moved by one amincid blocking treatment.

A smell quantity of wvaline appears in Tp and CTy of
Figure 7, snd it appesres tc be N-terminal, inasmuch as none
appeare in ATy through Awﬁ‘ Valine does not appear in any
of the PTH hydrolysates, prebably becsuse the small amount
of valine-PTH formed is degraded by the slkeline hydrolysie
to give produete other than wvaline.

Most aslgnificant is the removal of a falrly large
guantity of leueine and/or lsoleucine by both aminoid and
earboxolid blocking treatments., Inasmuch as there is no
C-L~-isoleucine or C-leucine in bscitracin itself (Table 10),
the hydrogenolysis must have opened at least one Gmiaaiéu~
cine or C-leucine bond to give free amino acid or a peptide
chain with one of these amino acids ag the C-terminus. If
guch 1a the case, a corresponding N~terminue should appear,
but there ls no indication of such a residue unless it 1s
also leucine or lsoleucine,

A distinet espot appears in all the extraet hydrolysates
at By .24 in Figure 7; this ie between aspartic acid (,18)
and glutamic acid (.26). Similar spots at Rp .12-.21 in
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Figure 8 may be from the same eubstance. If so, the sub-
gtance may be glutamiec scild, in which caese it appears to be
both N-terminel and C-terminal. Another unldentified sub-
stance appeers at Re .47-.48 in the extract hydrolysates in
Figure 7. This may be the degradation product of a known
amino ecid-PTH, but there is no direct evidence for this,
It’muat be concluded that hydrogenolysis does more then
simply reduce & oysteine residue to H-alanine, and that no

sequences can be assigned to the resulting nmixture of pepntldes.

Oxidized baseitr

The sample of becitracin A was oxidized with performic
acid in afﬁer to convert the cyetelne residue to a more
stable residue of cystelic ascid. Such treatment was‘axpaeteﬂ
to destroy any heterocyclie ring system involving the cystelne
and, if the prmpaa&&.strﬁe&ure of Cralg et al. (8) ie correct,
to render eny N-terminal residue more aagiiy attacked by
?hanyl isothiocyanate.

The effiuent patterns from the Dowex~50 columns shown
in Figure 9 indicate that no cysteine or cyetine remained in
the bacitracin A after performlic acid oxidation, but that
cysteic amcld wes present. However, the quantity of cystelc

acid found was not equivalent to one reslidue of cystelne per
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molecule of molecular welght 1450, as can be seen in Table

11, but was only about 0.6 residue, leaving 40 per cent of

the ariginél cysteine unaccounted for. If the oxidation of
bacitracin A were incomplete, the low cystelc acld value could
be explalned, but if such were the case, sonme ayatine.should
eppear in the effluent frections. No other materiel was de-
tected in the effluent fractions which could arise from the
degradation of cysteine. The consistently low values for
histlidine and ornithine slso cannot be explained.

The ion exchange resin did not completely resolve iso-
leuecine and leucine, as can be geen from Figure 9, so that
the leueine~isoleucine valuesg are given collectlvely in
Table 11l. From these valuee, and noting the ssymmetry of
the leucine-~isoleuncine peak, it muet be conecluded that baci-
tracin A& contalne one residue of leucine and three resldues
of isoleucine. One treatment of oxidized bacitracin A with
phenyl isothioeyanate reduced the leueclne~isoleucine aggre-
gate by only 0,24 reeidue, sll of which can be attributed to
igoleucine insemuch as the leucine portion of the ATy
effluent curve (not shown) remained unchanged, while the
isgoleucine portion hed & lower pesk. All of the amlino aeld
values for ATy are higher then those for AT, except isoleu-

eine~leucine. If the phenylalanine values for both AT, and

ATy are corrected to exactly 1.00 residue, the lsoleucine-
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leucine values beeame‘3.90 and 3;3& respectively, meking a
drop of 0?5% residue on one aminold treatment, If this is
entirely ascocliated with isoleucine, an N-isoleucine residue
is 8ti1ll not elearly indieated, though it is certainly
favored over any other Neterminus. The half residue of N-
lgoleucine may have been removed for the sane reseon that
only about one half a residue of cystelc acid is obteined
on performic acid oxidation. This eould be that part of the
isoleucine and cysteine are degraded by oxidation and/or
hydrolysls to glve one or more ninhydrin-negstive fragments,
which would not be detected in the effluent fractions.
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SUMMARY AND CONCLUSIONS

1. Both ammonium thiocyanste and phenyl 1sothlooyanate
partially removed the amincid residus of leucylvaline and
benzoylleucylvaline under sarboxoid blocking conditions. The
benzoyl gﬁmup only partly protected the aminold residue.

2. Edman degradation of bacitracin indicates that the
peptide does not have a free N-terminus.

3. Partisl hydrolysls of bacitracin resul%a‘in rapid
liberation of histidine, with very 1ittle liberation of iso=-
leucine, leucine, or lysine in the seme period. The rates
of liberation of certain funetional groups can be matched
to give four possible partisl sequences for the major peptide
of bacitracin. These sequences involve most of the L~-amino
acld residues of bacitracin. One of thege partial sequances
agrees with the structure of bacitracin A proposed by Craig,
Hausmann, end Weisiger,

4, Raney nickel hydrogenolyseis of bacitraclin results
in only partial ?ﬁﬁuﬁtiaa of the c¢ysteine residue to alanine,
and may produce other changes in the peptide. A carboxyl
group of leucine or 1eoleucine appaara‘ta be liberated during
the reduction, as is a material with the chromatographie
behavior of glutamic acld.
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11. The performlc acid oxidation product of bacitracin
A contalne three residues of isoleucine, one of which is of

the D-conflgursatlon.
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