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Synthesis and Biological Assays of a Peptide from a
Tuberculin-Active Protein

JAROSLAV SAVRDA
Service de la Tuberculose, Institut Pasteur, 75 Paris, France

The heptapeptide Asn-Gly-Ser-Gln-Met-Arg-Leu, part of a tuberculin-active
intracellular mycobacterial protein and described in the literature as having
residual tuberculin activity, has been synthesized. Biological assays of the syn-
thetic peptide showed it to be recognized as an antigen of mycobacterial origin by
its ability to elicit an early allergic reaction in Mycobacterium bovis BCG-infected
mice. The synthetic peptide was shown to be devoid of any tuberculin activity in
BCG-infected mice and in skin tests on Mycobacterium tuberculosis-sensitized
guinea pigs. Purified protein derivative, the complex mixture of proteins of
unknown composition which is excreted into the culture medium by M. tubercu-
losis and is in wide use as a tuberculin-active preparation, was shown to weakly
cross-react in radioimmunoassays with the synthetic heptapeptide when 125I-
labeled heptapeptide and an anti-heptapeptide antiserum were used.

Purified protein derivative (PPD; 16), the par-
tially purified form of tuberculin obtained from
the products excreted into the culture medium
by Mycobacterium tuberculosis, is in wide use
as a tuberculin-active preparation. It is capable
of eliciting a delayed-type allergic reaction when
administered intracutaneously to humans or
other animals sensitized with tubercle bacilli.
This material is, however, a complex mixture of
proteins (1) lacking specificity for the diagnosis
of tuberculous infection or disease and is im-
proper for the laboratory investigation of cell-
mediated immunological phenomena. Thus,
subjects infected with unrelated mycobacteria
may cross-react with PPD, although these cross-
reactions are usually less intense than those
obtained in persons infected with tubercle bacilli
(4). The lack of specificity of PPD may be re-
lated to the heterogeneous nature ofthis product
and to the presence of antigens shared by the
various mycobacterial species. Despite numer-
ous attempts to purify and separate the constit-
uents of PPD, none of the antigens making up
PPD has yet been characterized, and the isola-
tion of a monospecific tuberculin has not been
achieved. The complexity of PPD, as well as the
drastic conditions used for the preparation of
this material (1200C/20 lb [ca. 9 kg] for 30 min),
may account for this lack of success. Moreover,
it is possible that single molecules may possess
multiple determinants, some ofwhich are shared
with a number of molecules found in different
species ofmycobacteria. Thus, the isolation from
human tubercle bacilli and the sequence deter-
mination by Kuwabara (11, 12) of a tuberculin-
active protein, one of intracellular origin, is an

important step in the elucidation of the nature
of the tuberculin-type mycobacterial antigens.
This protein is more potent than PPD and,
according to published results (11), accounts for
the total tuberculin activity found in the intra-
cellular proteic content. After enzymatic diges-
tion, a tryptic hexapeptide, Asn-Gly-Ser-Gln-
Met-Arg, was found to have residual tuberculin
activity (12) in skin tests. This provided an op-
portunity to probe, by chemical synthesis, the
nature of the determinant responsible for the
delayed-type allergic reaction.

This study describes the synthesis of the hep-
tapeptide Asn-Gly-Ser-Gln-Met-Arg-Leu and
biological assays designed to test its antigenic
activities. Furthermore, to ascertain the pres-
ence of Kuwabara's tuberculin-active protein
(12) or of some of its fragments in common
tuberculin-active preparations, antibodies have
been raised against the synthetic heptapeptide;
by using a radioimmunoassay procedure, the
presence of this antigen was established in PPD.

MATERIALS AND METHODS
Abbreviations. The peptides Asn-Gly-Ser-Gln-

Met-Arg and Asn-Gly-Ser-Gln-Met-Arg-Leu will be
referred to hereafter as the hexapeptide and the hep-
tapeptide. The following abbreviations are used: BOC,
t-butyloxycarbonyl; Bzl, benzyl; Tos, p-toluenesul-
fonyl; NB, p-nitrobenzyl; TFAOH, trifluoracetic acid.

Materials. Aminopeptidase M and 1-ethyl-3(3-
dimethylaminopropyl)-carbodiimide hydrochloride
were purchased from Sigma Chemical Co., trypsin
(trypain treated with tolylsulfonyl phenylalanyl chlo-
romethyl ketone, 220 U/mg) was from Worthington
Biochemicals Corp., and 50% aqueous glutaraldehyde
was from Eastman Kodak. Egg albumin grade B was
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obtained from Calbiochem, bovine serum albumin
(BSA) was from Behringwerke AG, and Freund in-
complete adjuvant was from Difco Laboratories. Bol-
ton-Hunter reagent "nI-labeled 3-(4-hydroxy-
phenyl)propionic acid N-succinimidyl ester) was pur-
chased from New England Nuclear Corp., and PPD-
neutre Pasteur was a generous gift from J. Augier.
Sepharose-bound soybean trypsin inhibitor was pre-
pared and generously given by M. Goldberg of the
Pasteur Institute, and N-acetyl-muramyl-L-alanyl-D-
isoglutamine was a generous gift from P. Lefrancier
(Institut Choay, Paris, France). L-Glutamine p-nitro-
benzyl ester hydrobromide was purchased from
Bachem AG. All other L-amino acid derivatives as well
as dicyclohexylcarbodiimide and 1-hydroxybenzotria-
zole were purchased from Fluka. Boron tris(tri-
fluoracetate) and thioanisole were obtained from Ald-
rich Chemical Co., and Kieselgel 60 silica gel (230
mesh) was from E. Merck AG.
Experimental procedures for synthesis of the

heptapeptide Asn-Gly-Ser-Gln-Met-Arg-Leu. (i)
Silica gel thin-layer chromatography. Silica gel
thin-layer chromatography was run in n-butanol-
acetic acid-water (3:1:1). Free amino functions were
revealed with ninhydrin, and N-BOC-protected pep-
tides were revealed by the chlorine-4,4'-tetramethyl-
diamine diphenylmethane procedure (18) or with nin-
hydrin after hydrochloric acid treatment of chromat-
ograms.

(ii) BOC-Arg(Tos)-Leu-OBzI (I). Dicyclohexyl-
carbodfimide (2.26 g, 11 mmol) was added at 00C to a
dimethylformamide solution (16 ml) containing N'-
BOC-c-Tos-arginine (4.71 g, 11 mmol), leucine benzyl
ester p-tosylate (5.90 g, 15 mmol), N-methyl morpho-
line (1.65 ml, 15 mmol), and 1-hydroxybenzotriazole
(3.0 g, 20 mmol) (9). After 1 h at 00C, the reaction
mixture was left to stand at room temperature over-
night; it was then filtered, diluted with ethyl acetate,
and washed with 5% aqueous sodium bicarbonate, 0.2
M potassium hydrogen sulfate, and water. The organic
solution was dried over magnesium sulfate and evap-
orated to a small volume, and the product was precip-
itated with n-hexane. The crude product was dissolved
in chloroform and chromatographed on a silica gel
column in the same solvent. A fast-moving contami-
nant was first eluted with chloroform, and then the
chromatographically pure product was washed out
with chloroform-methanol (20:1). The collected frac-
tions were evaporated to dryness, and the resulting oil
was dissolved in a small volume of ethyl acetate and
added with stirring to n-hexane. The protected dipep-
tide precipitated as a fine powder. The yield was 4.74
g (68%) (mp 850C after sintering [uncorrected]; [a]D
= -22.3 ± 0.50 [c = 3.0, methanol]). Analysis: calcu-
lated for C31H45N507S: C, 58.93; H, 7.18; N, 11.09.
Found: C, 58.55; H, 7.22; N, 11.08.

(iii) H-Arg(Tos)-Leu-OBzl hydrochloride (II).
Cold 2 N hydrogen chloride in ethyl acetate (42 ml)
was added to an ethyl acetate solution (15 ml) of
peptide I (4.10 g, 6.5 mmol), and the reaction mixture
was stirred at 0°C for 30 min and at room temperature
for 1 h. On addition of ether the precipitate was
washed with ether and dried. The yield was 3.83 g
(97%) (mp 79 to 82°C [uncorrected]; [a]f = - 8.8 ±
0.50 [c = 2.0, dimethylformamide]). Analysis: calcu-

lated for CH.H37N505S, 2HC1: C, 51.65; H, 6.50; N,
11.58. Found: C, 51.78; H, 6.34; N, 11.58.

(iv) BOC-Met-Arg(Tos)-Leu-OBzI (M). A solu-
tion of N'-BOC-methionine (1.58 g, 6.35 mmol) and
N-methyl morpholine (0.70 ml, 6.35 mmol) in perox-
ide-free dry tetrahydrofuran (30 ml) was cooled to
-15°C, and ethyl chloroformate (0.61 ml, 6.35 mmol)
was added. After the solution was stirred for 2 min
under a calcium chloride guard tube, a cold suspension
of peptide H (3.83 g, 6.35 mmol) and N-methyl mor-
pholine (0.70 ml, 6.35 mmol) in dry tetrahydrofuran
(30 ml) was added; the reaction mixture was further
stirred at -10°C for 30 min and then at room temper-
ature for 2 h. The reaction mixture was diluted with
ethyl acetate and worked up and chromatographed as
described for the preparation of peptide I. The yield
was 3.22 g (66%) (indefinite mp 80 to 950C [uncor-
rected] [a]D' = - 21.2 ± 0.50 [c = 2.0, dimethylform-
amide]). Analysis: calculated for CwHs5N6OsS2: C,
56.67; H, 7.13; N, 11.02; S, 8.40. Found: C, 56.88; H,
7.01; N, 10.77; S, 8.44.

(v) BOC-Ser(Bzl)-Gln-ONB (IV). N-aBOC-,8-Bzl-
serne (3.40 g, 11.5 mmol) and glutamine NB ester
hydrobromide (4.16 g, 11.5 mmol) were coupled by the
mixed anhydride procedure as described for the prep-
aration of tripeptide Im in a dimethylformamide-tetra-
hydrofuran (1:1) mixture (40 ml). After the usual work-
up, the product crystallized out from a concentrated
ethyl acetate solution and was washed with ether and
dried. The yield was 5.53 g (86%) mp 154 to 1560C
[uncorrected]; [a]D = - 4.6 ± 0.50 [c = 2.0, dimethyl-
formamide]). Analysis: calculated for ClHloNAO: C,
58.06; H, 6.14; N, 10.03. Found: C, 58.38; H, 6.11; N,
10.06.

(vi) BOC-Asn-Gly-OBzI (V). Na-BOC-asparagine
(4.64 g, 20 mmol) and glycine benzyl ester tosylate
(6.75 g, 20 mmol) were coupled according to the pro-
cedure described for the preparation of peptide I. The
reaction mixture was diluted with ethyl acetate and
worked up as usual except that the 5% aqueous sodium
bicarbonate wash was kept to a minimum. The prod-
uct was precipitated from a concentrated ethyl acetate
solution by addition of ether and was repeatedly trit-
urated in fresh ether. The protected dipeptide crystal-
lized from methanol on addition of water. The yield
was 5.12 g (67%) (mp 135 to 1370C [uncorrected]
[a]D = -10.4 ± 0.50 [c = 3.0, dimethylformamide]).
Analysis: calculated for ClH25N306: C, 56.98; H, 6.64;
N, 11.08. Found: C, 57.07; H, 6.60; N, 11.07.

(vii) BOC-Asn-Gly-OH (VI). The protected di-
peptide (V) (3.31 g, 8.75 mmol) was dissolved in
ethanol (100 ml) and submitted to catalytic hydrogen-
olysis in the presence of 10% Pd-C. The filtered solu-
tion was evaporated to dryness, and the residual oil
was triturated in ether. The dipeptide crystallized out.
The yield was 2.37 g (94%) (mp 148 to 150°C [uncor-
rected]). Analysis: calculated for C01H19N306: C, 45.67;
H, 6.62; N, 14.53. Found: C, 45.52; H, 6.67; N, 14.61.

(viii) BOC-Asn-Gly-Ser(Bzl)-Gln-ONB (VI).
The protected dipeptide (IV) (5.2 g, 9.3 mmol) was
dissolved in acetone (180 ml) and was treated with 3
N hydrogen chloride in ethyl acetate (180 ml) at 00C
for 30 min and at room temperature for 1 h. The
reaction mixture was concentrated at 300C under vac-
uum to a small volume. On addition of ether the fl-
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benzyl ether of L-seryl-L-glutamine NB ester hydro-
chloride (Rf, 0.51) was obtained in quantitative yield
and was coupled to dipeptide VI (2.7 g, 9.3 mmol)
according to the procedure described for the prepara-
tion of peptide I. The reaction mixture was diluted
with ethyl acetate and worked up as usual except that
the aqueous 5% sodium bicarbonate wash was kept to
a minimum. The product precipitated from a concen-

trated ethyl acetate solution on addition of ether. The
crude protected tetrapeptide was dissolved in hot
ethanol and left to crystallize on cooling, it was then
filtered and washed with cold ethanol and ether. The
yield was 4.1 g (60%) (mp 189 to 1920C [uncorrected]
D= -13.5 + 0.5° [c = 2.0, dimethylformamide]).

Analysis: calculated for C33H43N7012: C, 54.31; H, 5.94;
N, 13.44. Found: C, 54.34; H, 6.05; N, 13.39.

(ix) BOC-Asn-Gly-Ser-Gln-OH (VIII). The
tetrapeptide (VII) (3.94 g, 5.4 mmol) was dissolved in
methanol (140 ml) and water (10 ml) and was submit-
ted to catalytic hydrogenolysis in the presence of 10%
Pd-C. Hydrogenolysis was continued until the com-
plete disappearance of a partially hydrogenolyzed
tetrapeptide intermediate (Rf, 0.48). The filtered re-

action mixture was repeatedly evaporated under di-
minished pressure in the presence of ethanol. The
fully hydrogenolyzed tetrapeptide (Rf, 0.33) was ob-
tained as a crystalline material (contaminated with a

by-product of the reduction of the NB ester moiety
[Rf, 0.55]) by trituration of the residual oil in ethyl
acetate. Repeated extraction with warm ethanol and
reprecipitation with ethyl acetate removed most of the
contaminant to give a chromatographically pure prod-
uct. The yield was 2.25 g (82%) (mp 150 to 155°C
[uncorrected] [aJf = -3.9 ± 0.50 [c = 2.0, dimethyl-
formamide]). Analysis: calculated for C19H32N60so: C,
45.24; H, 6.39; N, 16.66. Found: C, 44.52; H, 6.83; N,
15.56.

(x) BOC-Asn-Gly-Ser-Gln-Met-Arg(Tos)-Leu-
OBz1 (IX). The tripeptide (III) (3.12 g, 4.1 mmol) was
dissolved in TFAOH (40 ml) at 20°C and left to stand
for 30 min. After evaporation to dryness at 20°C under
reduced pressure, the L-methionyl-(w-tosyl)-L-arginyl-
L-leucine benzyl ester trifluoracetate (3.10 g, 4.0 mmol;
Rf, 0.72) was obtained as a solid by trituration of the
residual oil in ether and was coupled to pentapeptide
VIII (2.02 g, 4.0 mmol) according to the procedure
described for the preparation of peptide I. The reac-

tion mixture was filtered free from dicyclohexyl urea,
and the product was precipitated by addition of water.
Two recrystallizations from ethanol removed the con-

taminating 1-hydroxybenzotriazole and gave an ana-
lytically pure protected heptapeptide. The yield was

2.84 g (62%); (mp 197 to 199°C [uncorrected]; [a]D',

= -17.3 ± 0.50 [c = 2.0, dimethylformamide]). Anal-
ysis: calculated for C50H76N12O,1S2: C, 52.25; H, 6.67;
N, 14.62. Found: C, 51.71; H, 6.76; N, 14.49. The amino
acid analysis of an acid hydrolysate gave: Asp, 1.04;
Gly, 0.96; Ser, 0.86; Glu, 1.02; Met, 0.89; Arg, 1.00; Leu,
1.00.

(xi) H-Asn-Gly-Ser-Gln-Met-Arg-Leu-OH (X).
(a) The protected heptapeptide (IX) (575 mg, 0.5
mmol) was dissolved in TFAOH (10 ml) and left to
stand at room temperature. After 30 min the TFAOH
was removed under reduced pressure, and the residual
oil was dissolved in fresh TFAOH (2 ml); after cooling

to 00C, thioanisole (3 ml, 25 mmol) and 1 M boron
tris(trifluoracetate) in TFAOH (30 ml) (14) were
added, and the reaction mixture was stirred at room
temperature for 1 h. The solvent was evaporated under
reduced pressure, and the residual oil was dissolved in
water, repeatedly extracted with ethyl acetate, and
chromatographed on a Bio-Rex 70 column (H' form).
Boric acid was washed out with water, and the product
was eluted with a 0.5 to 2 M acetic acid gradient. The
peptide-containing fractions were evaporated to a
small volume under reduced pressure, dissolved in
water, and twice lyophilized. The yield was 164 mg
(38%). Paper electrophoresis run according to the pro-
cedure described by Offord (13) gave a single ninhy-
drin- and Sakaguchi-positive spot with the expected
electrophoretic mobility (m = 0.33). Paper electropho-
resis at pH 1.9 (40 V/cm, 0.2 mA/cm, 45 min) gave a
single spot migrating/towards the cathode 9 cm. The
amino acid analysis of an acid hydrolysate of the
product gave: Asp, 1.01; Gly, 1.05; Ser, 0.85; Glu, 1.03;
Met, 0.91; Arg, 1.02; Leu, 1.00. The amino acid analysis
of an aminopeptidase M digest gave: Asn plus Gln,
1.93; Gly, 1.05; Ser, 0.99; Met, 1.00; Arg, not deter-
mined; Leu, 1.05.

(b) The protected heptapeptide (IX) (172 mg, 0.1
mmol) was dissolved at -70'C in hydrogen fluoride
(8 ml) (15) in the presence of anisole (1 ml) and
dimethylsulfide (1 ml) and was left at 0C for 1 h. The
hydrogen fluoride was removed under vacuum, the
residue was dissolved in water, and the aqueous solu-
tion was extracted with ether and lyophilized. On
paper electrophoresis this crude product behaved sim-
ilarly to the material prepared in (a). At pH 6.5 the
major component had an electrophoretic mobility of
0.33 (13) and was accompanied by two contaminants
in trace amounts showing electrophoretic mobilities of
0.48 (ninhydrin and Sakaguchi positive) and -0.02
(ninhydrin positive and Sakaguchi negative).
Peptide fragments. The tetrapeptide Asn-Gly-

Ser-Gln and the pentapeptide Ser-Gln-Met-Arg-Leu
were prepared from peptides VIII, IV, and III by
procedures similar to those described for the synthesis
of the heptapeptide (X) and were not further charac-
terized before use in radioimmunoassays.

Preparation of conjugates. (i) A 25-mg amount
of BSA and 11 mg of heptapeptide were dissolved in
3.5 ml of 0.1 M phosphate buffer (pH 7.4), and 1.5 ml
of a 16 mM aqueous glutaraldehyde solution was
added. The reaction mixture was left to stand at room
temperature overnight in the dark and then dialyzed
first against 200 ml of phosphate-buffered saline (PBS;
0.05 M phosphate buffer [pH 7.4], 0.15 M sodium
chloride) for 16 h and then exhaustively against fresh
PBS. The BSA-heptapeptide conjugate in PBS was
kept in a freezer before use for immunization. The
amount of heptapeptide coupled to BSA (18 mol of
peptide per mol of BSA) was estimated by ninhydrin
analysis after saponification (8) from the amount of
free peptide in the first dialysate and from previous
knowledge of the diffusion properties of the BSA and
of the peptide.

(ii) A 25-mg amount of egg albumin and 6 mg of
heptapeptide were dissolved in 2.5 ml of 0.1 M phos-
phate buffer (pH 5.0), and 100 mg of 1-ethyl-3(3-di-
methylaminopropyl)carbodiimide hydrochloride in 2.5
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ml of the same buffer was added. The pH was kept at
5.0 with 0.5 N hydrochloric acid during the first few
minutes, and the reaction mixture was left to stand at
room temperature overnight. After dialysis against
distilled water the aqueous solution was lyophilized.
The heptapeptide content of the conjugate, estimated
as above (i), was 90 ug of peptide per mg of egg
albumin.
Immunization procedure. Rabbits were immu-

nized by multisite subcutaneous injections of 2 mg of
BSA-heptapeptide conjugate and 200 Ag of N-acetyl-
muramyl-L-alanyl-D-isoglutamine (5) in 0.5 ml ofPBS,
dispersed in 0.5 ml of Freund incomplete adjuvant.
Each rabbit received three injections over a period of
2 weeks and booster injections every 2 months. Anti-
sera were collected 10 days after injection and then
collected every 2 weeks.

Preparation of "I-labeled heptapeptide. A 10-
tg portion of the heptapeptide in 20 pl of 0.1 M
phosphate buffer (pH 7.4) was added to 1 mCi of
Bolton-Hunter reagent (3) (specific activity, ca. 2,200
Ci/mmol); the reaction mixture was kept at 00C for 1
h and was developed on silica gel thin-layer chroma-
tography in n-butanol-acetic acid-water (4:1:1). The
immunoreactive radioactive band (Rf, 0.40) was eluted
with approximately 2 ml of a water-methanol (1:1)
mixture. This stock solution of labeled peptide
(430,000 cpm/10 ,il) was kept at <00C before use.
Enzymatic digestions. Solutions, 1%, of hepta-

peptide or PPD (PPD-neutre Pasteur) in 0.01 M cal-
cium chloride-0.05 M tris(hydroxymethyl)amino-
methane buffer (pH 7.4) were digested with trypsin,
with a protease-to-substrate final weight ratio of 1:50,
at 300C for 19 h; trypsin was added in two portions.
The hydrolysates were passed in a Pasteur pipette on
Sepharose-bound soybean trypsin inhibitor and
eluted with appropriate volumes of a 0.05 M
tris(hydroxymethyl)aminomethane buffer (pH 7.4),
containing 0.15M sodium chloride, 0.1% sodium azide,
and 0.5% BSA, to give stock solutions containing 160
itg of hydrolyzed substrate per 100 pl. These were
diluted with the same buffer for radioimmunoassays.
A sample of the tryptic digest of the heptapeptide (5
mg) was chromatographed on silica gel thin-layer
plates. The bands, excluding leucine, corresponding to
residual undigested heptapeptide and to the tryptic
hexapeptide were eluted and subjected to acid hydrol-
ysis. The amount of undigested peptide was estimated
(<1%) by the appearance of leucine on the chromato-
grams.
Radioimmunoassay procedure. Phosphate, 0.05

M, or 0.05 M tris(hydroxymethyl)aminomethane (pH
7.4), containing 0.15 M sodium chloride, 0.1% sodium
azide, and 0.5% BSA, was used as the buffer. To each
test tube were added 200 yl of buffer, 100 A of 125I-
labeled heptapeptide (approximately 10,000 cpm of
stock solution diluted with buffer), 100 pl of standards
dissolved in buffer, and 100 pl of antiserum diluted (1:
50,000) with buffer to give approximately 40% bound
labeled heptapeptide in the absence of added unla-
beled standard. The samples, assayed in duplicate,
were incubated at 40C for 24 h. Bound and free anti-
gens were then separated at 00C by adding to each
tube 10 id of undiluted normal rabbit serum followed
by 1 ml of cold propanol. The tube contents were

blended in a Vortex mixer and centrifuged at 40C for
15 min at 3,000 x g. The supernatant was removed
and the pellets were counted in a gamma scintillation
counter.
Tuberculin tests. (i) Tests on guinea pigs were

carried out by J. Augier of the Tuberculin Unit, Pas-
teur Institute, Paris. Doses of 100, 20, and 4 .ug of the
heptapeptide or of the BSA-heptapeptide conjugate
in 100 pl of PBS buffer containing Tween 80 were
administered intradermally in the ventral side of
guinea pigs sensitized 6 weeks before with M. tu-
berculosis strain Aoyama/B or M. bovis strain BCG-
Pasteur. The appearance of delayed-type tuberculin
reaction was looked for 24 and 48 h after injection.

(ii) Tests on BCG-infected mice were carried out by
P. Lagrange, Laboratoire d'Immunologie du BCG,
Pasteur Institute, Paris. A 1- to 1,000-jug portion of
heptapeptide in PBS was injected in the footpads of
mice, and the swelling was measured regularly there-
after.

RESULTS
Peptide synthesis. The heptapeptide Asn-

Gly-Ser-Gln-Met-Arg-Leu was synthesized as
described in Materials and Methods. It was
thought advisable to retain in the synthetic pep-
tide the C-terminal leucine residue (part of the
original protein) to leave open the possibility of
BSA-heptapeptide conjugate preparation by
coupling of the peptide to the carrier protein
through the peptide's a-carboxylic acid function.
It was thought that such a coupling, mediated
by a carbodiimide, could lead, in the case of a
hexapeptide with a C-terminal arginine, to im-
portant loss of material through lactamization
involving the guanidine function of arginine (2)
or possible cyclization of the hexapeptide or
both. The choice of protecting groups, masking
temporarily a-amino, a-carboxylic acid, f?-hy-
droxyl, and w-guanidine functions, was largely
dictated by the amino acid composition of the
peptide. In particular, the side chain of arginine
was protected with the tosyl group removable
by hydrogen fluoride (15) or by boron
tris(trifluoracetate) (14), which proved in this
case to be the more preferable procedure, be-
cause other possible protecting groups could not
be removed without risk by catalytic hydrogen-
olysis in the presence of methionine (7). Cata-
lytic hydrogenation in liquid ammonia, advo-
cated (10) in the case of peptides containing
sulfur, was avoided because of the known (6)
and observed instability ofthe Asn-Gly sequence
in the presence of base. Because of this instabil-
ity, proof of the integrity of the asparagine (and
glutamine) residues in the final, Sakaguchi-pos-
itive, free peptide was given by the amino acid
analysis of an aminopeptidase M digest of the
peptide. This analysis, as well as that of a 6 N
hydrochloric acid hydrolysate of the peptide,
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showed that oxidation of methionine did not
occur to any significant extent and showed the
correct composition of the synthetic product.
The removal of the protective groups from the
synthetic heptapeptide required the use of acid
conditions: treatment with either liquid hydro-
gen fluoride or boron tris(trifluoracetate) in
TFAOH (14). Under these conditions an N - 0
acyl shift of the N-terminal asparaginyl-glycine
dipeptide was theoretically possible (17), with
simultaneous acylation of the free seine alco-
holic function and liberation of a new a-amino
group. That this side reaction did not occur to
any significant extent was shown by the correct
electrophoretic mobility of the final product at
pH 6.5 according to the procedure of Offord (13).
Tuberculin activity of the heptapeptide

and its BSA conjugate. No tuberculin-positive
skin reaction could be detected in guinea pigs
sensitized with BCG. Because the tuberculin-
active protein sequenced by Kuwabara was iso-
lated from the Aoyama/B strain of the tubercle
bacillus (11, 12), guinea pigs were sensitized with
this strain. In these animals, the intradermal
injections of various amounts of the peptide
(maximum dose tested, 100 ,ug of antigen per 100
pl of PBS) did not elicit a tuberculin reaction.
Likewise, the BSA-heptapeptide conjugate did
not elicit a tuberculin reaction. On the other
hand, the injection of 10 U of PPD to these
animals elicited, on the average, a skin reaction
of 17 mm.
When BCG-infected mice were injected in the

footpads with 1,000 jig of heptapeptide, an early
allergic, Arthus-type reaction could be observed
within 4 h. No delayed tuberculin-type reaction
developed within 24 to 48 h.
Preparation of heptapeptide-specific an-

tibodies. Because the synthetic peptide did not
elicit a tuberculin reaction in sensitized guinea.
pigs, antibodies directed against it were prepared
to verify whether they would react with some
antigen in PPD. The antibodies were prepared
in rabbits by injecting the BSA-heptapeptide
conjugate and using N-acetyl-muramyl-L-
alanyl-D-isoglutamine (5) as adjuvant instead of
Freund complete adjuvant (killed tubercle ba-
cilli in mineral oil) to avoid the presence of
undesired antigens of bacterial origin during the
immunization procedure. The antisera thus pre-
pared reacted with BSA (ring test, Ouchterlony
immunodiffusion test) but not with egg albumin.
Antibodies precipitating the heptapeptide or the
egg albumin-heptapeptide conjugate were not
detected by using classical precipitin reactions
(ring test, immunodiffusion). However, as shown
below, antibodies that specifically recognized the
heptapeptide were demonstrated by using a ra-
dioimmunoassay procedure.

INFECT. IMMUN.

Radioimmunoassay evidence of the pres-
ence in PPD of an antigen cross-reacting
with the heptapeptide. An antiserum capable
of binding 40% of a 10,000-cpm dose of '26I-la-
beled heptapeptide at a 1:50,000 dilution and
showing a good affinity for this antigen was
selected for radioimmunoassays. In Fig. 1 are
depicted the effects of the addition to the ra-
dioimmunoassay of increasing amounts of unla-
beled heptapeptide and of its fragments, and in
Fig. 2 are shown the effects of the addition of
PPD, trypsin-digested PPD, and the hexapep-
tide obtained by tryptic digestion of the parent
synthetic heptapeptide. Approximately 900 pg
of heptapeptide or the C-terminal pentapeptide
was required to displace half of the label,
whereas the N-terminal tetrapeptide had no ef-
fect in the range studied. The same level of
displacement could be attained only after the
addition of approximately 15 ng of hexapeptide,
36 ,jg of PPD, and 160 ,.g of trypsin-digested
PPD. Consequently, these results showed that
the protein isolated by Kuwabara, or some of its
fragments, was present in PPD.

DISCUSSION
The heptapeptide Asn-Gly-Ser-Gln-Met-Arg-

Leu, which includes the hexapeptide sequence
described (12) as tuberculin active, was found to
be devoid of any tuberculin activity in skin tests
performed on BCG- or Aoyama/B-sensitized
guinea pigs. Because a small peptide might dif-
fuse too rapidly to react with immunocompetent
lymphocytes in a restricted area, similar skin
tests were performed with the BSA-heptapep-
tide conjugate. These were found to be equally
negative. Thus, the heptapeptide sequence alone
is not capable of eliciting a delayed-type allergic
reaction as visualized by skin testing. That the
synthetic heptapeptide was recognized, at least
in part, as an antigen of mycobacterial origin
was shown by the early weak allergic reaction
which developed upon its administration to
BCG-infected mice. The results of radioimmu-
noassays confirmed this conclusion.
The antibodies raised against the synthetic

heptapeptide conjugated through its N-terminal
a-amine to BSA were strongly directed to the C-
terminal end of the peptide. The N-terminal
tetrapeptide had no effect on the radioimmu-
noassays in the range studied, and the heptapep-
tide after tryptic digestion, lacking the C-termi-
nal leucine residue, retained only 6% potency of
the undigested peptide in displacing the "2'I la-
bel. The cross-reaction of PPD with the hepta-
peptide in radioimmunoassays, although very
weak, showed that PPD must contain an antigen
representing at least the C-terminal portion of
the synthetic peptide.
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1.0
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Bo

0.5

0.04 0.08 0.16 032 0.63 1.25 2.5 5 10

ng cold peptide /sample

FIG. 1. Inhibition of binding of 1251-labeled heptapeptide to its antiserum by unlabeled heptapeptide (0),

unlabeled C-terminal pentapeptide (+), and unlabeled N-terminal tetrapeptide (-). B, Fraction of bound 125I
label in thepresence ofunlabeledpeptide; Bo, fraction of bound "2I label in the absence of unlabeled peptide.

It is not possible with these results to pinpoint
the reasons for the discrepancy between the
findings presented in this paper and those re-

ported by Kuwabara (11, 12). The lack of tuber-
culin activity of the heptapeptide might be due
to an undetected, unsought for fault in the syn-

thetic peptide or a partially incorrect sequence
determination. It might also be that the ob-
served residual tuberculin activity was wrongly
attributed to the tryptic hexapeptide. Indeed,
residual tuberculin activity (103 to 104 less than
that of the original protein) was attributed by
Kuwabara to the tryptic hexapeptide called T6
(12) and to another tryptic nonapeptide (Mitsui
Pharmaceuticals Inc., Tokyo, Japan, Austrian

patent 325.769/C1.A6IK, 10 November 1975, ap-

plication 5646/73; Chem. Abstr. 84:162906m,
1976) which cannot be other than the one called
T5. These two peptides were eluted from a

Dowex 50-X2 column as two close peaks.
PPD is a product obtained from the materials

excreted by tubercle bacilli into the culture me-
dium at a time of bacterial growth when some

lysis has already occurred. Thus, one would ex-

pect to find some of the intracellular proteins or

their fragments in PPD. The observed cross-

reaction in radioimmunoassays between PPD
and the synthetic heptpgeptide shows that the
protein isolated by Kuwabara, or its fragments,
is present in PPD. However, these results are
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INFECT. IMMUN.

1.0

B/Bo

pg PPO /sample
1.25 2.5 5 10 20 40 8o 160

0 5 F

0.39 0.78 1.56 3.12 6.25 12.5 25 50 100

ng cold peptide /sample
FIG. 2. Inhibition of binding of '2I-labeled heptapeptide to its antiserum by unlabeled hexapeptide (+;

nanograms), PPD (0; micrograms), and trypsin-digested PPD (0; micrograms). B, Fraction of bound "2I
label in the presence of unlabeledpeptide or PPD; Bo, fraction ofbound 125I label in the absence of unlabeled
peptide or PPD.

only qualitative and are insufficient to give an
indication of the extent of this presence. If the
same association constant is assumed for the
heptapeptide and the cross-reacting antigen in
PPD by the antibodies, then the sequence of the
synthetic peptide is represented on a molecular
basis to an extent of only 0.03%, the average
molecular weight ofPPD being 10,000 (16). This
situation is unlikely because the immunoreactive
determinant measured by the radioimmunoas-
say would be expected to be in a different envi-
ronment in PPD than in the synthetic peptide.
The value of 0.03%, therefore, is to be considered

the lower limit of the presence of Kuwabara's
tuberculin-active protein in PPD.

In a further attempt to elucidate some of these
questions we are now synthesizing the tryptic
nonapeptide designated by Kuwabara as frag-
ment T5 (12).
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