Biochem. J. (1973) 133, 641-654
Printed in Great Britain

641

Studies on the High-Sulphur Proteins of Reduced Merino Wool
AMINO ACID SEQUENCE OF PROTEIN SCMKB-IIIA3

By LOUIS S. SWART and THOMAS HAYLETT
National Chemical Research Laboratory, South African Council for Scientific and
Industrial Research, Pretoria, Republic of South Africa

(Received 27 November 1972)

The complete amino acid sequences of wool protein SCMKB-IIIA3 (131 residues) and a
minor component SCMKB-IITA3A (130 residues) have been determined. The proteins
are mutually homologous and have free threonine as the N-terminal residue and carboxy-
methylcysteine as the C-terminus. The peptides used for the sequence work were obtained
by trypsin, thermolysin, pepsin and chymotrypsin digestions and were fractionated by
chromatography on DEAE-cellulose, gel filtration on Sephadex G-25 and G-50, paper
chromatography and electrophoresis. The Edman degradation method (employing both
the Beckman Sequencer and a non-automatic procedure) was used to obtain the

sequences of the peptides.

The high-sulphur proteins of reduced and carboxy-
methylated wool can be divided into four main groups,
with molecular weights of approx. 23000, 19000,
17000 and 11000 (Haylett et al., 1971b). Each group
consists of a number of closely related proteins as
shown by the amino acid sequences of some of these
proteins. The group with a molecular weight of 11000
yielded three amino acid sequences: SCMKB-IIIB2
(Haylett & Swart, 1969), SCMKB-IIIB3 (Haylett
et al., 1971a) and SCMKB-IIIB4 (Swart & Haylett,
1971). The complete amino acid sequences of two pro-
teins, SCMK-B2B (Elleman & Dopheide, 1972) and
SCMK-B2C (Elleman, 1972), and the partial sequence
of protein SCMK-B2A (Lindley & Elleman, 1972),
from the 19000-molecular-weight group, have been
determined.

The group with a relatively high arginine content,
of molecular weight 17000, contains at least eight
proteins with very similar amino acid compositions
(Swart et al., 1973). The present paper describes the
determination of the amino acid sequences of protein
SCMKB-IIIA3 and a minor component, SCMKB-
IITA3A, from this group.

Materials and Methods
Materials

Protein. Protein IIIA3* was prepared as described
by Swart et al. (1973).

Enzymes. Trypsin was a twice-crystallized, di-
phenylcarbamyl chloride-treated, salt-free prepara-
tion (batch 336A) from Seravac Laboratories (Cape
Town, Republic of South Africa) and had an activity

* Abbreviations: IIIA3, protein SCMKB-IIIA3;
BAWP, butan-1-ol — acetic acid — water — pyridine
(15:10:12:3, by vol.); BAW, butan-1-ol-acetic acid-
water (40:6:15, by vol.); CmClys (in sequences and tables),
S-carboxymethylcysteine; >PhNCS, 3-phenyl-2-thio-
hydantoin derivative.
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of 3200 trypsin units/mg and 5 chymotrypsin units/
mg; thermolysin was from Daika Kasei K.K.,
Osaka, Japan; pepsin and chymotrypsin (batch
CD1 6100-1) were twice-crystallized, salt-free pre-
parations from Worthington Biochemical Corp.,
Freehold, N.J., U.S.A.

Methods

Enzymic digestions. Tryptic digestion was carried
out on 15 umol of protein IIIA3 in 24 ml of 2% (w/v)
NHHCO; (enzyme/substrate ratio 1:100, w/w) for
2h at 40°C. The digestion was stopped by addition of
acetic acid and the material was freeze-dried.

Thermolysin digestions were performed on 20 umol
of protein ITITA3 and 10 umol of peptide C7 in 24 ml of
2% (w/v) NH,HCO; (enzyme/substrate ratio 1:100,
w/w) for 1h at 40°C. The digestion mixtures were
acidified to pH3 with acetic acid and freeze-dried.

Peptic digestion was carried out on 10umol of
protein IITA3 in 16ml of 5% (v/v) formic acid (en-
zyme/substrate ratio 1:100, w/w) for 2h at 40°C.
The digestion was stopped by addition of pyridine
and the material was freeze-dried.

Chymotryptic digestion was performed on 10 umol
of protein IIIA3 in 16ml of 2% (w/v) NH,HCO;.
The chymotrypsin was treated in 2 % (w/v) NH,HCO;
with an equal weight of soya-bean trypsin inhibitor
for 30min at 40°C and then added to the protein
(enzyme/substrate ratio 2.5:100, w/w) for 2h at
40°C. The digestion was stopped with di-isopropyl-
phosphorofluoridate and the material was freeze-
dried.

Fractionation of peptides. The peptides were separ-
ated by chromatography on DEAE-cellulose, with
the Technicon Peptide AutoAnalyzer, and by paper
electrophoresis and paper chromatography as des-
cribed by Haylett & Swart (1969) and Haylett et al.
(1971a). Chromatography on DEAE-cellulose was
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also carried out in the presence of NH,HCO; solu-
tions with a 2-litre linear gradient of 0.05M-0.60 M-
NH,HCO; solutions, on a column (150cm x 1.9cm)
at 20°C. Fractions (5ml) were collected at a flow rate
of 50ml/h and a Beckman DB spectrophotometer
was used to monitor the effluent at 230nm.

Gel-filtration separation of peptides was performed
on Sephadex G-50 or G-25 in 0.05M-ammonium
acetate by using three columns (150cm x 1.9cm) con-
nected in series. The peptides in the effluent were
monitored at 230nm on a Beckman DB spectro-
photometer.

Amino acid analysis. Amino acid compositions of
the protein and peptides were determined as described
by Haylett et al. (1971a).

Sequence analysis. Edman degradations were
carried out on small peptides by the non-automatic
method described by Haylett et al. (1971a).

The protein and some peptides were sequentially
analysed (Edman & Begg, 1967) on the Beckman
Sequencer (model 890). The reagents and solvents
were purchased from Beckman Instruments or Pierce
Chemical Co., Rockford, Ill., U.S.A. Quadrol buffer
was used for the protein and large peptides (48 and
62 residues), and dimethylaminopropyne buffer
(5% solution in propan-1-ol-water, 3:4, v/v)
(Braunitzer & Schrank, 1970) was used for shorter
peptides. The yield of serine was improved by addi-
tion of 1,4-dithiolbutane to the 1-chlorobutane
(1:10,000, v/v). The procedures employed are
described in the Beckman Sequencer Manual.

The thiazolinone derivatives of the amino acids
were converted into >PhINCS amino acids by stan-
dard procedures (Haylett et al., 1971a). The acid
solution for preparing the >PhNCS derivative con-
tained mercaptoethanol (1:1000, v/v) to improve the
yield of serine (Beckman Sequencer Manual).

Gas chromatography (Pisano & Bronzert, 1969)
with SP400 as stationary phase was employed to
identify >PhNCS amino acids, before and after
silylation with NO-bis(trimethylsilyl)trifluoroacet-
amide. Identifications were confirmed by t.l.c. on
Merck aluminium. t.l.c. plates precoated with silica
gel F254. The systems of Brenner e al. (1961) were
employed to identify the >PhNCS derivatives of
glutamic acid, aspartic acid, their amides and
carboxymethylcysteine with chloroform—methanol
(9:1, v/v) as developer. The >PhNCS derivative of
arginine was identified with chloroform-methanol-
formic acid (70:30:1, by vol.) as developer. The
>PhNCS derivatives of the other amino acids were
identified. by the system of Cherbuliez et al. (1963)
with chloroform—ethyl acetate (9:1, v/v) as develop-
ing solvent.

Nomenclature of peptides

Capital letters are used to indicate enzymic diges-
tions: T, L, P and C for trypsin, thermolysin, pepsin
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and chymotrypsin respectively. The capital letter A
occasionally preceding these letters indicates minor
component peptides. Arabic numerals following the
capital letters indicate sequential numbering of the
peptides. For unresolved peptides the minor compo-
nent is given in parentheses.

Results
N-Terminal sequence of protein IIIA3

The protein has a free N-terminal amino acid, and
0.5 umol of protein was subjected to sequential ana-
lysis in the Beckman Sequencer. The N-terminal
sequence shown in Fig. 1 was obtained.

Peptides from tryptic digestion

Purification of the tryptic petides. The elution pat-
tern of the tryptic peptides from a Sephadex G-25
column is shown in Fig. 2(a). The contents of the
tubes under each peak were pooled as shown by the
solid bars. Peaks I, II and III were each re-run on a
DEAE-cellulose column and the elution patterns are
given in Fig. 2(), 2(c) and 2(d) respectively. The pep-
tides were collected as shown by the solid bars and
were found to be homogeneous. The amino acid
compositions of the tryptic peptides are given in
Table 1 together with the analysis of protein IIIA3.

Sequences of the tryptic peptides of protein IIIA3.
The sequences of the tryptic peptides of protein
IIIA3 as determined by the non-automatic Edman
degradation method and the partial sequence of
peptide T4 as determined in the Beckman Sequencer
are given in Table 2.

Assignment of the tryptic peptides. The sum of the
analyses of peptides T1-T7 corresponds exactly to
the analysis of protein IIIA3, which indicates that
only six of the 14 arginine residues are susceptible to

5 10
Thr-Gly-Ser-CmCys-CmCys-Gly-Pro-Thr-Phe-Ser-

—_— — — —_— — — — —F

1

5 20
Ser-Leu-Ser-CmCys-Gly-Gly-Gly-CmCys-Leu-Gln-

25
Pro-ﬁ-Tyr-Tyr-Arg-( Asp)-Pro-CmCys-CmCys-

)30 35
CmClys-( Arg)-l_’[g-\ig_l’-( Ser)-( CmCys)-Cﬂ-

Fig. 1. N-Terminalsequence of protein IIIA3 determined
by sequential analysis in the Beckman Sequencer

Arrows indicate positive identification of residues.
Parentheses indicate loci where the cycle was per-
formed but no identification was made; the residues
shown were inferred from other experiments.
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Fig. 2. Fractionation of tryptic peptides of protein
1IIA3

(a) Gel-filtration pattern of tryptic peptides of protein
IITA3 on Sephadex G-25 (three columns,
150cm x1.9cm, connected in series) at room tem-
perature in 0.05M-ammonium acetate solution (flow
rate, 50ml/h; fraction volume, 5ml). (b)«(d) Elution
patterns of fraction I (b), fraction II (c) and fraction
III (d) obtained with a Technicon Peptide Auto-
Analyzer. Chromatography was performed on a
DEAE-cellulose column (150cmx1.9cm) at 30°C
with a 10 litre linear gradient of 0.02M-pyridine to
0.35Mm-pyridine—acetic acid buffer (pyridine—acetic
acid—water, 7:24:219, by vol.), pH4.1 (flow rate,
200ml/h; fraction volume, 20ml).

tryptic hydrolysis. The amino acid compositions and
lower yields of peptides AT1 and AT4, when com-
pared with peptides T1 and T4 respectively, show that
the former peptides can be assigned to a contaminat-
ing minor component of protein IITA3.
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Peptides from thermolysin digestion

Purification of the thermolysin petides. The elution
pattern of the thermolysin peptides from a DEAE-
cellulose column is shown in Fig. 3. The contents of
the tubes under each peak were pooled as shown by
the solid bars. The peptides contained in the
enumerated peaks were separated by paper chromato-
graphy or electrophoresis as given in Table 3. This
table also lists the amino acid compositions, Ry values
and mobilities of the purified peptides.

Sequence of the thermolysin peptides of protein
II143. The sequences of the thermolysin peptides of
protein IITA3 as determined by the non-automatic
Edman degradation method are given in Table 4.
Edman degradation studies on peptides L1 (L15) and
L16 (L17) proved that they were mixtures and it was
impossible to separate them by conventional methods.

Peptides from peptic digestion

Purification of the peptic peptides. The elution pat-
tern of the peptic peptides from a DEAE-cellulose
column is shown in Fig. 4. The contents of the tubes
under each peak were pooled as shown by the solid
bars. The peptides contained in the enumerated peaks
were separated by paper chromatography or electro-
phoresis as given in Table 5. This table also lists the Ry
values, mobilities and amino acid compositions of
the purified peptides.

Sequence of the peptic peptides of protein IIIA3. The
sequences of the peptic peptides of protein IIIA3 as
determined by the Edman degradation method are
given in Table 6.

Peptide P7 (AP7) yielded both a prolyl and a seryl
residue at the second residue from the N-terminal
end. This indicates that the peptide is a mixture. The
amino acid composition of the peptide supports this
observation.

Peptides from chymotryptic digestion

Purification of the chymotryptic peptides. The elu-
tion pattern of the chymotryptic peptides from a
DEAE-cellulose column is shown in Fig. 5. The con-
tents of the tubes under each peak were pooled as
shown by the solid bars. The peptides contained in
the enumerated peaks were separated and purified
on Sephadex G-25 and/or G-50. The amino acid
compositions of the peptides are given in Table 7.

Sequence of the chymotryptic peptides of protein
II143. The partial sequences of peptides C6 (AC6) and
AC4,5, as determined in the Beckman Sequencer, are
given in Table 8. The second residue of peptide C6
(AC6) yielded both proline and serine. To determine
the relative yields of the two components present in
peptide C6 (AC6), the peptide (2 umol) was digested
with trypsin and the two tripeptides, Val-Pro-Arg and
Val-Ser-Arg, were eluted as a single peak from Sepha-
dex G-25.
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Table 1. Amino acid composition of protein IIIA3 and its tryptic peptides
+ indicates the presence of the amino acid.

Amino acid composition (mol of residue/mol)

A

~

Protein or Total
peptide ... IIIA3 TiI T2 T3 T4 T5 Té T7 TI1-T7 AT1 AT4
Trp + + 1 +
Arg 1395 087 38 195 5.08 098 1.04 14 1.13 494
CmCys 3237 4.02 3.88 297 1823 1.08 2.09 32 588 17.22
Asp 1.96 0.96 0.94 2 1.11
Thr 1414 202 186 1.03 487 202 100 099 14 193 4091
Ser 12.07 3.67 194 4,78 0.98 12 413 5.21
Glu 920 1.10 1.06 1.08 6.10 9 1.13  5.01
Pro 19.02 2,10 3.72 200 9.1 1.03 19 2.12 10.13
Gly 568 4.79 1.08 6 5.10 1.16
Ala 2.88 2.69 3 2.71
Val 8.81 3.53 4.30 8/9 494
Ile 2.14 094 098 2 0.77
Leu 2.71 1.65 0.95 3 190 0.85
Tyr 1.93 1.48 2 0.81
Phe 2.88 091 0.77 0.92 3 0.71
Yield (pmol from 15 pmol) — 782 493 699 556 6.69 8.05 6.31 — 091 233
Table 2. Sequence of tryptic peptides by the Edman procedure
Peptide no. Residue no. Sequence results
T3 49-58 CmCys-IﬂE-ﬁg-P_rg-l_lg-CmCys-G_lti-f’_rp’-CmCys-Alg_
T4 59-121 é_r_g-ﬂc’)-\grl-CmCys-C mCys-_A_g-_PLo’-C mCys-_S_e_l"-L__eg-

Gln-GIu-Gly-CmCys-_CmCys-Arg-Pro-ﬂg—T_’l'nr-CmCys-

CmCys-Pro-Thr-Ser-CmCys-Gln-Ala-Val-Val-CmCys-

Arg-Pro-CmCys- CmCys—Trp-_A_Ia-”_l'_h_E-D_l;-CmCys-CmCys-
Q_I_r,l-_lj'_g-v_’al(Ser)-!ql-(G In,CmCys,Pro,CmCys,CmClys,-

Arg,Pro,Thr,Ser,CmCys,Gln,Pro,Ala,Pro,CmCys,-

Ser,Arg)
TS 122-125 Thr-Thr-CmCys-Arg
T6 126-128 Thr-Phe-Arg
T7 129-133 Thr-Ser-I_’r_g-CmCys-CmCys
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Table 4. Sequence of thermolysin peptides by the Edman procedure

Peptide no. Residue no. Sequence results
L4 19-23 _L_e_g-(ihg-_?lr_g—é{_g_-@
L5 24-32 IXE-ﬁ-ﬁg-_l’_rg-CmCy§-CmCys-CmCys-él;g-P_1'_g
L7 39-42 y_a’l_-S_et;-ﬁg-llg
L8 43-45 E‘I}_‘EE‘E
L9 50-60 T_hr-(Arg)—P_rg-_Ilg-gfﬂ-g_lB-P_rg-(inﬁ)_fg-(Arg)-Eg-(Pro)
Lio 61-67 Val-CmCys-CmCys-Asp-Pro-CrmCys-Ser
Li2 68-75 Ley-Gln-Gly-Gly-CmCys-CmCys- Arg Pro ‘
L13 76-85 HE-E-M-CLC}E-(Pro,Thr,Ser,CmCys,Gln,Ala)
L4 86-93 Val-Val-CmCys-Arg Pro-CmCyy CmCys Trp
L18 127133 Phe-Arg-Thr-Ser-Pro-CmCys-CmCys
AL6 33-38 Val-Ser-Ser-Gln-Thr-Thr
ALY 46-52 Val-Ser-Arg. CmCys-Thr-Arg-Pro
0.6
0.3f
P S O e N A S A D
50 150 250 350
Fraction no.

Fig. 3. Elution pattern of thermolysin peptides of protein 11143
DEAE-cellulose was used, with a Technicon Peptide AutoAnalyzer. Conditions are as given for Fig. 2(b).

) Amino acid analysis gave the following composi- Reinvestigation of peptides L16 (L17)

tion: Arg 1.02, Ser 0.34, Pro 0.68, Val 0.98. Glutaminyl residues in positions 99 and 104 of
_ This result proves that the peptide containing pro- protein ITIA3 were partly converted into pyrrolidone-
line in the second residue (C6) is the major component carboxylic acid during the Edman degradation of
and is present in a ratio of approx. 2:1. peptides P12 and AP12, and peptides L16 (L17)
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ES10
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1
250 350

Fraction no.

Fig. 4. Elution pattern of peptic peptides of protein IIIA3

DEAE-cellulose was used with a Technicon Peptide AutoAnalyzer. Conditions are as given for Fig. 2(b).

0.6
e
5
0.3
0 "—_ln Z L 1 L 1 L|_
50 150 250 350
Fraction no.

Fig. 5. Elution pattern of chymotryptic peptides of protein IIIA3
DEAE-cellulose was used with a Technicon Peptide AutoAnalyzer. Conditions are as given for Fig. 2(b).

could not be purified. In addition, the presence of
peptides AL16 (AL17) and AP12 showed that a
minor component was complicating the sequence of
protein ITIA3 from residues 105-120. The result was
that no sequence data could be obtained from these
peptides for this part of the molecule.

Examination of the results obtained from the
different enzymic digestions of protein IITA3 sug-
gested the use of the following procedure to elucidate
the sequence from residues 105-120 of the protein.

Vol. 133

Protein ITIIA3 was digested with chymotrypsin and
the peptides were separated by Sephadex G-50 gel
filtration. The second largest peptide had a composi-
tion corresponding to peptide C7 and was further
digested with thermolysin. The digest was separated
on Sephadex G-25. The material eluted at the exclu-
sion volume of the column had a composition corre-
sponding to peptide L16 (L17) with an additional
phenylalanyl residue.

This peptide, C7L1 (8 umol), was chromatographed
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Table 6. Sequence of peptic peptides by the Edman procedure

Sequence results

———— ——p

Tyr-Arg-Asp-Pro-CmCys-CmCys-CmCys-Arg-P_rg-Val-Ser-CmCys-Gln

Gly-CmCys-CmCys-Arg-Pro-Ile-Thr-CmCys(CmCys,Pro,Thr,Ser,CmCys,Gln)

CmCys-CmCys GIn-Pro-Val- Ser-VaI Gln(CmCys Pro,CmCys,-

CmCys,Arg,Pro,Thr,Ser,CmCys,Gln,Pro,Ala,Pro,CmCys,Ser,-

Peptide no.  Residue no.
P 19 ThrGly Ser CmCys-CmCys-Gly-Pro-Thr-Phe
P2 10-12 _S_ez-&-lili
P4 13-23 Ser-CmCys GIy—Gly—Gly—CmCys-Leu GIn-Pro-Arg-Tyr
PS5 24-37
PE 345 ThrValSerArgPro-ValThr-Phe
Pro
PIAP) 4655 Vab -Arg-CmCysThr-ArgProlie-CmCysGlu
Ser
P8 71-84
Po 6592 Ala-Val-Val-CmCys Arg Pro-CmCys-CmCys
P10 86-93 _V_al-\ﬂ-CﬂC_yf-A_r%(Pro,CmCys,CmCys)
P11 94-96 A‘E‘T_hS'L*"
P12 97-126 Gln-Pro-Val-Ser
Arg,Thr,Thr,CmCys,Arg,Thr)
AP12 97-126

CmCys CmCys-GlIn-Pro-Val- Ser-Val Gln(CmCys ,Pro,CmCys,-

CmCys,Arg,Pro,Thr,Ser,CmCys,Pro,Ser,Ala,Pro,Arg,T hr,-

Thr,CmCys,Arg,Thr)

on DEAE-cellulose with a linear gradient of 0.05M-
0.60M-NH,HCO; and the elution pattern is given in
Fig. 6. Components a to d were collected as shown by
the solid bars and their amino acid compositions are
given in Table 9.

Sequence of the components of peptide C7L1. The
sequence of components a, ¢ and d of peptide C7L1,
as determined in the Beckman Sequencer, are given
in Table 10.

It is evident from the results that component d
resulted from a partial thermolysin split of compo-
nent ¢ and that component b is a fragment of com-

Vol, 133

ponent a. The latter components, a and b, were ob-
tained in lower yields than their corresponding
components cand d respectively. Componentsa and b
contain a carboxymethylcysteinyl and a glutaminyl
residue less than components ¢ and d and must
therefore originate from the same protein as peptide
AP12.

Alignment of protein 11143

The N-terminal sequence of protein IIIA3 connects
peptides T1 and T2 and the partial sequence of pep-
tide C6 connects peptides T2, T3 and T4. Peptide
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Table 7. Amino acid composition of the chymotryptic peptides of protein 11143
+ indicates the presence of the amino acid.

Amino acid composition (mol of residue/mol)

P

Peptide ... C1 C2 C3 C4 C5 C6(AC6) C7 C8 AC3 AC45
Trp +
Arg 1.03 175 117 5.95 294 0.71 2.80
CmCys 2.02 195 3.86 14.62 759 200 389 285
Asp 0.95 1.01 1.00
Thr 1.86 2.09 3.03 564 095 2.94
Ser 1.10 198 1.02 105 1.17 2.46 3.18 1.08 1.11 3.04
Glu 1.02 1.10 4.11 3.22 098 1.10
Pro 0.97 093 208 1.01 7.51 520 1.02 1.11 3.30
Gly 2.05 2.68 1.13 2.95
Ala 1.03 2.03
Val 1.01 175 3.69 2.10 2.81
Ile 1.84
Leu 1.00 091 0.98 0.90
Tyr 1.85 0.89
Phe 0.92 0.81 0.80 0.76
Yield (umolfrom10pumol) 6.60 5.12 611 530 690 6.76 514 746 1.09 199
Peak no. (from Fig. 5) 4 2 3 5 1 7 4 3 6 3

Table 8. Sequence of chymotryptic peptides by the Edman procedure

Peptide no. Residue no. Sequence results
Pro
C6 (AC6) 46-93 Val-Ser-Arg-CmCys-Thr-Arg-Pro-lIle-

CmCys-Glu-Pro-CmCys-Arg-Arg-Pro-Val-

—_—

CmCys-CmCys-Asp-Pro-CmCys-Ser-Leu-Gln-

Glu-Gly-CmCys-CmCys-Arg-Pro(lle, Thr,-

—

CmCys,CmCys,Pro,Thr,Ser,CmCys,Gln,Ala,-

Val,Val,CmCys,Arg,Pro,CmCys,CmCys,Trp)

AC4,5 25-45 Arg-Asp-Pro-CmCys-CmCys-CmCys-Arg-Pro-

Val-Ser-Ser-GIn-(Thr,Thr)-Val(Ser,Arg,Pro,-

—_— . — ——

Val,Thr,Phe)

T5 is connected to peptide T6 by peptide C7L1c follows from the overlap of its partial sequence with
and peptide L.18 connects peptides T6 and T7. the partial sequences of peptides P12 and C7L1c.

The sequence of peptide T2 is provided by peptides The unequivocal sequence of protein IIIA3 can
P5, P6 and P7. The complete sequence of peptide T4 now be constructed as presented in Fig. 7.
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Sequence of minor component

The proteolytic enzymes yielded minor peptides
with compositions or sequences that could not be
fitted into the sequence of protein IIIA3. The yields

0.4

E230

0.2

)Y

0 L _mmmm & i 1 |
60 - 100 140
Fraction no.

Fig. 6. Elution pattern of components of peptide CTL1

A Beckman DB spectrophotometer was used.
Chromatography was performed on a DEAE-cellu-
lose column (150cm x 1.9cm) at 20°C with a 2 litre
linear gradient of 0.05M-0.60M-NH,HCO; solution
(flow rate, 50ml/h; fraction volume, 5ml).
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of these peptides were, however, lower than those of
peptides assigned to protein IIIA3. The minor pep-
tides could be used to deduce the sequence of a
component designated IITA3A.

Comparison of peptides AT1 and AC3 with pep-
tides T1 and C3 respectively indicates that an arginine
and a tyrosine of protein IIIA3 have been exchanged
for carboxymethylcysteinyl residues. Tryptic peptide
AT1is three residues longer than peptide T1, and both
contain only one arginyl residue, proving that

Table 9. Amino acid composition of the components of
peptide C7L1
Amino acid composition
(mol of residue/mol)

A

Peptide ClLl1a C7L1b C7L1c¢ C7L1d
Arg 2.85 2.83 2.98 2.89
CmCys 4.67 4.62 5.57 5.35
Thr 3.70 3.78 3.94 3.79
Ser 3.00 1.95 3.08 2.14
Glu 1.12 1.03 2.22 2.16
Pro 3.72 4.17 4.11 3.96
Ala 0.95 0.88 1.13 1.01
Val 1.66 0.82 2.01 1.08
Phe 0.84 0.87 0.79 0.68

Yield (umol) 0.70 0.50 3.28 2.02

Table 10. Sequence of major components of peptide C71L1 by the Edman procedure

Sequence results

Val-Ser-Val-GIn-CmCys-Pro-CmCys-CmCys-

Arg-Pro-Thr-Ser—CmCys-Pro-Ser-Ala-Pro-

—_——— — ——

(Arg,Thr,Thr,CmCys,Arg,Thr)

Val-Ser-Val-GIn- CmCys-Pro CmCys-CmCys-

—— —

Arg-Pro-Thr-Ser-CmCys-GIn-Pro-Ala-

——— — —

—_——— ——

Eg-CmCys-Ser—Arg-Thr-Thr-CmCys(Arg,Thr,Phe)

Peptide no. Residue no.
CiLla 101-127
CiLic 101-127
C7L1 d 103-127

_\E’I-GIn-CmCys-Pro-CmCys-CmCys-Arg-

Pro-Thr-Ser-CmCys-Gln Pro-Ala-

Pro-CmCys-Ser-Arg-Thr(Thr,CmCys,Arg,Thr,Phe)
— e——— —p ———p —%
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arginine in position 22 has been replaced. Peptides
AC3 and AP5 both contain a single tyrosyl residue,
which must be common. This proves that tyrosine at
residue 23 has been exchanged.

Peptide AL6, with the unique sequence Val-Ser-Ser-
GIn-Thr-Thr, corresponds to peptide L6, with the
sequence Val-Ser-CmCys-Gln-Thr (positions 33-38).
This correspondence is supported by the amino acid
compositions of peptides APS, AP5,6 and AC4,5 and
the partial sequence of peptide AC4,5. The carboxy-
methylcysteinyl residue at position 35 of protein
IITIA3 has therefore been exchanged for a seryl
residue and an extra threonyl residue inserted between
residues 36 and 38.

The exchange of proline at position 47 of protein
IITA3 with a seryl residue is established by the amino
acid sequences of peptides AL9, P7 (AP7) and C6
(ACS6).

The sequence of peptide C7L1a compared with the
sequence of peptide C7L1c proves that the glutaminyl
residue at position 114, the carboxymethylcysteinyl
residue at position 119 and the seryl residue at posi-
tion 120 have been deleted and that serine has been
inserted between residues 115 and 117.

The complete amino acid sequence of the minor
component, IIIA3A, in the preparation of protein
IITIA3, can therefore be presented (Fig. 7).

Discussion

Chromatography on DEAE-cellulose with
NH,HCO; solutions partially separated two pep-
tides that were eluted as a single peak with pyridinium
buffers. NH,HCO; solutions offer a further
advantage because peptides can be monitored at
230nm, eliminating the use of the elaborate Peptide
AutoAnalyzer.

In the latter part of the project gel filtration on
Sephadex G-50 and G-25, with a total column
length of 450cm, was used to separate and purify
peptides obtained by chromatography on DEAE-
cellulose. This method offers an advantage over paper-
separation techniques because yields of the peptides
are higher and contamination with extraneous
material extracted from paper is avoided.

The cleavage of the proteins with trypsin followed
general tryptic specificity except for arginine in posi-
tion 26, followed by an aspartyl residue, which did
not split in protein IIIA3, but did in protein ITIA3A.
Thermolysin digestion of protein IIIA3 hydrolysed
the bond between carboxymethylcysteine and threo-
nine at positions 49 and 50, but not between proline
and isoleucine at positions 52 and 53. The opposite
result was obtained for protein IIIA3A. Chymotryp-
sin unexpectedly did not cleave the bond between
leucine and glutamine at positions 19 and 20.

L. S. SWART AND T. HAYLETT

It has been possible to elucidate the complete
amino acid sequences of protein IIIA3 and a minor
component ITTA3A, although these proteins were pre-
sent in an approximate ratio of 2:1. The proteins are
closely related and differ in only nine positions. Ex-
cluding the five deletions, these differences can be
attributed to single nucleotide-base changes. The
proteins have calculated molecular weights of 16133
and 15848 and in their native state in wool have 10 and
9 net basic charges respectively.

Proteins IITIA3 and IIIA3A originate from the
group of high-sulphur proteins with a relatively high
arginine content (Swart et al., 1973). The proteins
are void of lysine, histidine and methionine and have a
relatively high content of half-cystine (259%) and
arginine (11-10%;). A major feature of their sequences
is the presence of threonine as the N-terminal amino
acid, whereas all the other high-sulphur proteins
with known amino acid sequences have acetyl-
alanine (Haylett et al., 1971b). These proteins follow
the common feature of all high-sulphur proteins by
having a half-cystine as C-terminus (Haylett et al.,
1971b).

The various amino acids in the sequences of pro-
tein IITA3 and IIIA3A are fairly evenly distributed.
This is contrary to the finding for the groups of 11000
and 19000 molecular weight, where long regions with-
out half-cystinyl residues are found (Swart &
Haylett, 1971; Elleman, 1972).

We thank Mrs. A. Ruelle, Miss C. M. Potgieter and
Mrs. P. G. Drijfhout for technical assistance.

References

Braunitzer, G. & Schrank, B. (1970) Hoppe-Seyler’s Z.
Physiol. Chem. 351, 417

Brenner, M., Niederweiser, A. & Pataki, G. (1961) Experi-
entia 17, 145-153

Cherbuliez, E., Baehler, B. R., Marszaleck, J., Sussman,
A. R. & Rabinowitz, J. (1963) Helv. Chim. Acta 46,
2446-2452

Edman, P. & Begg, G. (1967) Eur. J. Biochem. 1, 80-91

Elleman, T. C. (1972) Biochem. J. 128, 1229-1239

Elleman, T. C. & Dopheide, T. A. (1972) J. Biol. Chem.
247, 3900-3909

Haylett, T. & Swart, L. S. (1969) Text. Res. J.39,917-929

Haylett, T., Swart, L. S. & Parris, D. (1971a) Biochem. J.
123, 191-200

Haylett, T., Swart, L. S., Parris, D. & Joubert, F. J. (1971b)
Appl. Polym. Symp. 18, 37-44

Lindley, H. & Elleman, T. C. (1972) Biochem. J. 128, 859~
867

Pisano, J. J. & Bronzert, T. J. (1969) J. Biol. Chem. 244,
5597-5607

Swart, L. S. & Haylett, T. (1971) Biochem. J. 123, 201-210

Swart, L. S., Parris, D. & Joubert, F. J. (1973) J. Chroma-
togr. in the press

1973



