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The complete amino acid sequence of a main variant, Hlb, of human spleen histone
HI was determined, following previous determinations of human spleen histones
H2B, H2A, H3, and H4. High-performance liquid chromatography on Q silica
of the HI fraction yielded the homogeneous Hlb subfraction; this variant was
estimated to account for 60% of the total of the four HI variants. The sequence
determination was performed with four main fragments, I to IV, obtained by limited
chymotryptic digestion of Hlb. Together with direct sequencing by automated
Edman degradation of fragments n , in, and IV, fragment I, blocked at the N-
terminal, and fragment IV, the C-terminal half the Hlb molecule, were sequenced
after further digestion with staphylococcal protease and others. The four fragments
were aligned with three overlapping peptides each derived from chymotryptic partial
fragments, I-TI and I-H-1II, and intact Hlb. Carboxypeptidase digestion of intact
Hlb confirmed the C-terminal sequence of the molecule. Thus, the total sequence
of Hlb was completely determined; it consists of a total of 218 amino acid residues,
has a molecular weight of 21,734 in the unmodified form, and is completely acetylated
at the N-terminal serine residue and partially methylated at the lysine residue 25.
This sequence is compared with two mammalian somatic HI sequences.

We have already determined the amino acid se- quent papers reported the four variant sequences
quences of four histone species of human spleen. of H2A (2), the two variant sequences of H3 (J),
The first paper described the preparation and and the single sequence of H4 (4). The main se-
fractionation of the whole histone and the sequence quences of the four histone species were identical
determination of the H2B species, which is prob- with those of calf thymus, except for one com-
ably composed of two variants (7). The subse- plete substitution (Ser for Cys-96) in H3.

We report here the fractionation of human
1 This study was supported in part by a Grant-in-Aid spleen HI species into four subfractions and the
for Scientific Research from the Ministry of Education, complete sequence determination of a main vari-
Science and Culture of Japan. an^ H l b This is t n e fi^t complete sequencing
Abbreviations: CTase, carboxypeptidase; HPLC high- f m a m m a l i a n ^ ^ m i e s. p a r t s o f
performance liquid chromatography; ODS, octadecyl- *
silyl; PTH, phenylthiohydantoin; SDS, sodium dodecyl t ^ study have already been published in the form
sulfate; SP, sulfopropyl; TFA, trifiuoroacetic acid. of abstracts (5-7).
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360 Y. OHE, H. HAYASHL and K. IWAI

EXPERIMENTAL PROCEDURES
AND RESULTS

Fractionation of HI Variants—A fraction of
HI histone was obtained from human spleen whole
histone by CM-cellulose chromatography, as de-
scribed previously (1). The fraction was subjected
to HPLC on Q, silica (Merck LiChrosorb RP-8, 5
,um) and four subfractions were obtained, as shown
in Fig. 1. Eight chromatographic runs yielded
29.2 mg of the main subfraction, Hlb, from 150
mg of the starting fraction. The Hlb thus ob-
tained was a homogeneous variant as shown by
SDS-gel electrophoresis (5) in Fig. 2. Table IS
includes the amino acid composition of the Hlb
preparation. Amino acid analysis, including that
of Me-Lys, was carried out with a Hitachi 835
amino acid analyzer, as described previously (4).

Limited Chymotryptic Digestion of Hlb—-The
Hlb (ca. 5mg, 220 nmol) was digested with a-
chymotrypsin (Sigma type I-S, 1/150 w/w) in 0.1 M
Na-acetate buffer (pH 5.0, 1 ml) for 45 min at
room temperature. The digestion mixture was
subjected to HPLC on ODS silica (Bio-Rad Hi-
Pore RP-318) and six fragments were obtained, as
shown in Fig. IS and Table IS. Figure 3 shows
the strategy for sequencing of these fragments,
together with the complete sequence of Hlb thus
determined.

Except for N-terminal-blocked fragment I,
the fragments (II, 111, and IV) were directly sub-
jected to automated Edman degradation with a
liquid-phase sequence analyzer (JEOL model JAS-
47KS) and the resulting PTH-amino acids were
analyzed by HPLC, as described previously (9)
and will be reported elsewhere. Figure 2S-A shows
an example of these results. Fragments II and
i n were thus sequenced completely; the latter se-
quence was confirmed by its tryptic peptides shown
in Table VIS. Fragment IV was sequenced 38%
from the N-terminal. Fragments I, I-II, I-n-m,
and IV were further digested and sequenced as
described below.

Sequencing of Fragment I—Fragment I (ca.
50 nmol) was digested with Staphylococcus aureus
V8 protease (Miles, 1/30 w/w) in 50 mM NH 4HCO,
(pH 7.8, 0.7 ml) for 22 h at 37°C. Five peptides
were obtained from the digestion mixture by
HPLC on ODS silica, as shown in Fig. 3S and

0

LU

(_>
CO

a: 3
o

—

UJ
a

0

H l b , - - - ' " '
_, -• "~

^ -" "**
^ _ ' " "*

Hla
A

i

Hid

V\' \H lc 1

VA
I i i i I

20g

10 20 30 40

FRACTION NO.
50 60

Fig. 1. Chromatography of the starting HI fraction on
a Merck LiChrosorb RP-8 column (8 x250 mm) with a
2-propanol gradient in 1.0 M pyridine-formic acid (pH
5.0) at 50°C. Fractions of 4.5 ml/4.5 min were col-
lected, and aliquots were subjected to o-phthalaldehyde
fluorescence measurement without alkaline hydrolysis.

Fig. 2. Electrophoresis of the starting HI fraction and
the Hlb subfraction on 15% polyacrylamide slab gel
(14x14 cm, 1 mm thick) in 0.1% SDS-0.192M glycine-
25 mM Tris-HCl (pH 8.5) for 9 h at a constant voltage
of 150 V. The gel was stained with Coomassie Brilliant
Blue R250 and scanned with a microdensitometer at
530 nm.

Table IIS.
Peptide I/SI and intact H lb were subjected

to 'H NMR measurements, together with calf
thymus histone HI , which has N-AC-SCT at the
N-terminal (70). Figure 4S shows that the three
samples have a strong singlet signal at 2.06 ppm,
which can be assigned to a-JV-acetyl protons (cf.
Fig. 1 in Ref. 11). The C-terminal Glu of peptide
I/SI was identified by digestion with CPase P
(Peptide Institute, Inc.). The digestion mixture
also gave a peak, corresponding to that of the
authentic N-Ac-Ser, in ion-exchange chromatog-
raphy on Hitachi resin #2618 with 0 .1% TFA at
20°C; the peak was shown to yield Ser after hy-

/ . Biochem.

 at Penn State U
niversity (Paterno L

ib) on Septem
ber 16, 2016

http://jb.oxfordjournals.org/
D

ow
nloaded from

 

http://jb.oxfordjournals.org/


HUMAN SPLEEN HISTONE Hlb 361

drolysis. Thus, peptide I/SI was determined to
be the N-terminal W-Ac-Ser-Glu (Res. 1-2).

Peptides I/S2, S3, S4, and S5 were sequenced
by automated Edman degradation; the sequences
of Res. 3-9, 16-39, 42-52, and 53-58 were thus de-
termined, respectively. Res. 15 of S2, and Res. 40
and 41 of S3 were determined by CPase P digestion.

For overlapping of peptides I/SI to S5, frag-
ment I (ca. 60 nmol) was digested with thermolysin
(Nakarai Chemicals, 1/50 w/w) in 10 HIM Tris-
HC1, 2mM CaClt (pH 7.0, 0.6 ml) for 2.5 h at
37°C. Four peptides were obtained as shown in
Table LUS. The C-terminal sequence of peptide
I/Thl was determined to be -Glu-(Thr, Ala)-Pro
by CPase P digestion. This peptide must be the
N-terminal pentapeptide, Ac-Ser-Glu-Thr-Ala-Pro
(Res. 1-5), overlapping with peptides I/SI and S2.
Peptides I/Th2, Th3, and Th4 were sequenced by
Edman degradation and CPase P digestion. Pep-
tide I/Th2 (Res. 9-18) overlapped with peptides
I/S2 and S3, and peptide I/Th4 (Res. 49-55) with
peptides I/S4 and S5.

Table HIS shows that peptide I/Th3 (Res.
23-26) contains Me-Lys, equivalent to about 10%
of Lys. Thus, Lys-25 must be partially methylated,
which was predicted from the results of Edman
degradation of peptide I/S3 and amino acid anal-
ysis of the peptide and fragment I.

Overlapping of Fragments I, II, and III—
Fragment I-II (ca. 40 nmol) was digested with
clostripain (Worthington, 1/100 w/w) in 50 HIM
Tris-HCl, 1 mM CaCl,, 1 ITIM 2-mercaptoethanol
(pH7.5, 0.2 ml) for 4h at 37°C. Two peptides
were obtained as shown in Table IVS. Peptide
I-II/C1 was sequenced by Edman degradation and
CPase P digestion; peptide I-II/C2 was sequenced
by Edman degradation alone. Thus, peptide 1-11/
Cl (Res. 33-45) overlapped with peptides I/S3 and
S4, and peptide I-II/C2 (Res. 54-63) overlapped
with fragments I and II.

Fragment I-II-III (ca. 30 nmol) was digested
with lysyl endopeptidase (Wako Chemicals, 1/50
w/w) in 20 mM Tris-HCl (pH 9.0, 0.2 ml) for 4 h
at 30°C. Peptide I-H-HI/L was obtained as shown
in Table IVS. This peptide was sequenced by
automated Edman degradation using a gas-phase
sequence analyzer (Applied Biosystems model
470A). Thus, the sequence of Res. 64-74 over-
lapped with fragments II and III.

Sequencing of Fragment IV—Fragment IV

(ca. 80 nmol) was digested with staphylococcal
protease (1/30 w/w) in 50 mM NH4HCO3 (pH 7.8,
0.2 ml) for 18 h at 37°C. The digestion mixture
was subjected to HPLC on ODS silica (Macherey-
Nagel Nucleosil 300-70^) and four peptides were
obtained, as shown in Fig. 5S and Table VS. Be-
cause the sequence of Res. 105-147 had already
been determined with fragment IV, peptide IV/S2
(Res. 115-149) was analyzed for the C-terminal
sequence by CPase P digestion. Peptides IV/S3
(Res. 150-218) and S4 (Res. 163-218) were se-
quenced by automated Edman degradation in the
liquid phase or gas phase, respectively. The se-
quences of Res. 142-149, 150-175, and 163-185
were thus determined.

Fragment IV (ca. IS nmol) was digested with
endoproteinase Arg-C (Boehringer-Mannheim, 1/
50 w/w) in 50 mM NaHCO, (pH 8.3, 1 ml) for 3 h
at 37°C, and peptide IV/A (Res. 182-196) was
obtained as shown in Table VS. Fragment IV
(ca. 100 nmol) was also digested with pepsin (Sig-
ma, 1/20 w/w) in 50 mM acetic acid (pH3.0, 1 ml)
for 3 h at 37°C, and peptide IV/P (Res. 191-218)
was obtained (Table VS). These two peptides
were sequenced by automated gas-phase Edman
degradation (Fig. 2S-B); the sequences of Res.
182-195 and 191-217 were thus determined.

Table VIS summarizes the tryptic peptides ob-
tained from fragment IV. The sequences of these
peptides confirmed the results from the above-
described sequencing of fragment IV. One peptide
(Res. 148-151) also overlapped with peptides IV/
S2 and S3.

Total Sequence of Hlb—For overlapping of
fragments III and IV, intact Hlb (ca. 50 nmol)
was digested with staphylococcal protease (1/30
w/w) in 50 mM NH«HCO3 (pH 7.8, 0.5 ml) for
18 h at 37°C, and peptide Hlb/S was obtained as
shown in Table IVS. This peptide was sequenced
by automated gas-phase Edman degradation, and
the sequence of Res. 86-114 overlapped with frag-
ments III and IV.

Finally, the C-terminal sequence of intact Hlb
was determined by digestion with CPase P or
CPases A and B (kindly supplied by Dr. T. Tobita,
Chiba University), as shown in Fig. 6S. The
sequence of -Ala-Ala-Ala-Lys-Lys-Lys (Res. 213-
218) thus completed the total sequence of Hlb,
resulting in a molecular weight of 21,734 in the
unmodified form.
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Fig. 3
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DISCUSSION

In this study, the chromatographic fractionation of
human spleen HI variants was finally achieved by
HPLC on Q silica (Fig. 1) and yielded a homo-
geneous main subtraction, Hlb (Fig. 2). This
variant was estimated to account for 60% of the
total HI species by analyzing both the chromato-
graphic and electrophoretic peak areas (Figs. 1
and 2).

At the first step of sequencing, limited chymo-
tryptic digestion of Hlb, as of H2B (7), yielded
six fragments including two partially fragmented
ones (Fig. IS and Table IS). The recoveries of
these fragments suggest that enzymic cleavage was
less than 50% at Leu-58, more than 50% at Tyr-
70, and almost complete at Phe-104. All six frag-
ments were very helpful for the complete sequenc-
ing of Hlb (Fig. 3).

Apart from direct sequencing by automated
Edman degradation of fragments II, m , and IV
(Fig. 2S), N-terminal-blocked fragment I was fur-
ther digested with Glu-specific staphylococcal pro-
tease and five peptides were obtained with good
recoveries (Fig. 3S and Table US). However, the
recovery of one peptide was about half those of
the others; this was due to partial cleavage at Ser-
26 by the known nonspecific action of this pro-
tease (12,13). The resulting N-terminal dipeptide,
Ac-Ser-Glu, was identified (Fig. 4S) as in the
previous cases (4, 11). This and the other four
sequenced peptides were aligned with three over-
lapping thermolysin peptides from fragment I
(Table ITIS). Another thermolysin peptide con-
firmed partial methylation of Lys-25, probably the
sole methylated residue in Hlb.

The four sequenced fragments, I to IV, were
aligned with three overlapping peptides each de-
rived from fragment I-II, fragment I-II-III, and
intact Hlb (Table IVS). Among the proteases
used, Arg-specific clostripain also cleaved at Lys-
45 and Lys-63 as known (3), lysyl endopeptidase
acted specifically, and staphylococcal protease

cleaved partially at Ser-85 as expected.
Sequencing of fragment IV was the most

difficult in Hlb. This fragment covers half the
Hlb molecule (Res. 105-218) and the N-terminal
sequence (Res. 105-147) was directly determined
by Edman degradation. Although fragment IV
had only one Glu (Res. 114), nonspecific cleavage
by staphylococcal protease could be expected as
described above. Luckily, the protease also cleaved
at Ser-149 more than 50% and at Ala-162 to a
much lesser extent, yielding four peptides (Fig.
5S and Table VS). Three of these peptides were
used to determine the sequence of Res. 148-185.
The remaining C-terminal sequence of 33 residues
was determined with two peptides (Res. 182-196
and 191-218) each derived from fragment IV by
digestion with endoproteinase Arg-C and pepsin
(Table VS); only these two peptides were useful
among those obtained with the eight proteases
used.

Tryptic peptides obtained from fragments m
and IV (Table VIS) were used to confirm each
sequencing by Edman degradation and the con-
nection at Ser-149. Finally, the C-terminal se-
quence determination of intact Hlb by using
CPases (Fig. 6S) completed the total sequence of
Hlb, which has a molecular weight of 21,734 in
the unmodified form.

Figure 4 shows a comparison of the human
spleen Hlb sequence with those of calf thymus
Hl.l (Res. 1-104, undetermined beyond Res. 105)
(70) and rabbit thymus HI.3 (the sequence of
Res. 1-213 (74) was corrected to that of Res.
1-224, as cited (IS) before publication). The
comparison is limited to mammalian somatic HI
species, omitting mammalian testis-specific HI
variants (75, 16) as well as HI species of lower
eukaryotes.

The human sequence differs from the calf and
rabbit sequences in 7 and 11 positions (18 and
28% difference) in the N-terminal region of 38/
40 residues, and in 0 and 4 positions (0 and 5%
difference) in the next internal region of 78 resi-
dues, respectively. The human and rabbit se-

Fig. 3. Upper: The method for deduction of the total sequence of Hlb. Each bar represents a peptide obtained
by limited chymotryptic digestion of Hlb (I to IV) and further digestion of I, I-II, I-lI-in, IV, and intact Hlb
with each protease indicated. The shaded parts were sequenced. Lower: The complete sequence of human spleen
Hlb histone. The N-terminal is completely acetylated and Lys-25 is partially methylated.
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Fig. 4. Comparison of the human spleen Hlb sequence with those of calf thymus HI.l (Res. 1-104
only) (10) and rabbit thymus HI.3 (Res. 1-224) (IS). The sequences are aligned for maximum
homology; —, deletion; *, identical with Hlb.

quences differ in 26 positions (25% difference) in
the remaining C-terminal region of 102/106 resi-
dues. Thus, the N- and C-terminal regions are
similarly varied, whereas the internal region is
strongly conserved among the three mammalian
somatic HI sequences. This internal region of 78
residues contains no Pro and possibly forms the
globular structure ('head'), while the N- and C-
terminal regions contain many Pro residues and
possibly form random coils ('nose' and 'tail'), as
proposed (17, IS).

All five histone species of human spleen have
now been sequenced completely. The main variant
sequences of the four histone species other than
HI are identical with those of calf thymus, except
for one complete substitution in H3 (0.7% differ-
ence). In contrast, the main variant sequence of
human spleen HI species differs from the calf
thymus HI.l sequence by 7% between Res. 1-104,
and from the rabbit thymus HI.3 sequence by
14% between Res. 1-104/106 and 19% between
Res. 1-218/224. How such differences in HI spe-
cies between mammals correlate with those between
human spleen HI variants will be reported else-
where.

We thank Prof. T. Miyazawa and Dr. S. Yokoyama of
the Univ. of Tokyo for NMR measurements, and the
staff of the Applied Biosciencc Laboratory, Kirin

Brewery Co. and the J.S.I. Laboratories, Japan Scientific
Instrument Co. for making available a gas-phase
sequence analyzer.
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Supplemental Materials
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6.9 (7)
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1.3 (9)
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60.8(62)

0.0 (0)

4.3 (4)

0.3 (0)

3.0 (3)

7.1 (7)

4.1 (4)

6 7 (7)

3 ! (3)

14 7(15)

0.0 (0)

4.0 (4)

0.0 (0)

1.1 ID

2.2 (!)

o.i (o)

0.3 (0)

B.B (9)
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(2)

(1)
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(2i
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(0)
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(3)
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! . ) (3)

1.0 (5)
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4.9 (1)
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6.6 (6)
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6 8 (7)

0 0 (0)
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B.O (8)

1 1 (1)

1 3 (1)
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0.0 (0)

3.9 (4)
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4 0 (4)

4 3 (4)

1.2 (1)

14 2(14)

5.2 (5)

X 5(37)

0.0 (0)

l.o (l)

0.0 (0)

0.0 (0)

1.1 (1)

0 0 (0)

0.0 (0)

45 4(46)

0.0 (0)

0 . ! (01

fa-t-
an

TABU IIS. U m icid covalt lco ( » l i r n t l n ) m final i

(•ol 1) of tt* paptldn obtalMd by itaphylococcal probtasa dlgwtloo

of fnojmt I (Fig. 33). Talua ir* as In Tibia 15.

acid

tax

Tlir

St r

S l i

Fro

Clr
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1 1 .

Ua

TJT
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lr»
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BiCST-

I/Sl

1-2

0.1 (0)

0.0 (0)

1 0 (1)

1.0 (1)

0.0 (0)

0.1 (0)

0.0 (0)

O.I (0)

0.1 (0)

0.1 (0)

0.1 (0)

0.1 (0)

0.0 (0)
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I/SJ

3-15

0.1 (0)

1.0(1)

0.2 (0)

1.1 (1)

4.0 (4)

0 2 (0)

«.9 (7)

0.1 (0)

0.1 (0)

0.1 (0)

0.1 (0)

0.3 (0)

0.1 (0)

»

Npt l * . Rn

I/I3

0 1 (0)

1.1 (1)

3.1 (3)

1.1 (1)

2.8 (3)

2 1 (2)

4.9 (5)

0.2 (0)

0.1 (0)

O.I (0)

0.2 (0)

6.7 (7)

2.1 (!)

3a

t. Ho.

42-fi!

0.1 (0)

1.0 (1)

1.1 (1)

1.0 (1)

0.0 (0)

0.1 (0)

2.» (3)

1.0(1)

1-0 (1)

0.1 (0)

0.0 (0)

2.0 (!)

0.0 (0)

u

I/S5

53-M

O.I (0)

0.0 (0)

1.9 (2)

0.1 (0)

0.0 (0)

1.0 (1)

0.0 (0)

0.1 (0)

1.0 (1)

0.1 (0)

0.1 (0)

0.1 (0)

1.0 (1)

H

TABLE I S . Woo tctd co^mitiwa ( n l i r n t l n ) md f fu l rtewtrin

(K>1 I ) of U» ptptldt* obU1n»d by OmrmoiyiiD digotioa of fragrant I .

Tt» pcptidt* «tr* Mf»r«t*d by WtC m Kocltoill 3OO-7tIfl n 1B Fig SS:

lfTh2 ud Tli3 wtrv rtcfarOvtogrtpixd on bclusi l 5Ci8 or Qt-CtiiaiOM,

r*ip*ctinlj . Talon ar« « la Tablt IS.

tmim
acid

Asx

Thr

Str

Six
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sly

Ala

Val

l i t

Lta

T / r
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M

tecov-

I/7i1

M

0.0 (0)

0.9 (1)

0 9 (1)

1.0(1)

1.0 (1)

0 ! (0)

1.2 (1)

0.1 (0)

0.0 (0)

0 1 (0)

0.0 (0)

0 0 (0)

0 1 (0)

0.0 (0)
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I/Th2

9-18

0.0 (0)

0.9 (1)

0 0 (0)

1.1 (1)

2.» (3)

0.1 (0)

4 1 (4)

0.0 (0)

0.0 (0)

0.0 (0)

0 0 (0)

0.0 (0)

1 0 (1)

0.0 (0)

32

n. fe

I/Th3

23-ffi

0.0 (0)

0.0 (0)

0.9 (1)

0 0 (0)

0 0 (0)

0.1 (0)

1 0 (1)

0.0 (0)

0.0 (0)

0 0 (0)

0 0 (0)

0.0 (0)

1.0 ( I ) 1

1.1 (1)
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I/TU4

4 W S

0.0 (0)

0 0 (0)

1.9 (2)

1.0 (1)

0 0 (0)

0 8 (1)

1.0 (1)

0.0 (0)

0.0 (0)

0.0 (0)

0 0 (0)

0 0 (0)

1.2 (1)
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of 0 9 Lyi ind 0 1 fe-Lyi

TWtE IVS. Mao add cmpositlcu (mlar ratlox) and final rtomrft*

(•>! I ) of tin peptldn obtaintd by cluMpatn dlgutitt of fragmt

M I , lyiji tndcpffptldiM digntloa of f n g m t I - I I - H , nd ttifftylo-

coccal protc«B digtstloa of Intact Klb. Vn pcptidtt froa I-I I and

I - I I -E van tapanttd bj HPtX on I b c i u i l K I B , and that frt* Sib on

JtoclKHll 300-TCIB, tt U Fig 5S. T.ILJM ir* u ID Tabla IS.
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•eld

Asx

T»r
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Cl<

Pro

Sly

Ala

Yal

l i t

L*a

Tyr
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Ion
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31-45

0.0 (0)

0 9 (1)

2 1 (2)

0.9 (1)

1.8 (2)

1.0 (I)

1.1 (1)

1.0 (1)

0.9 (1)

1 1 (1)

0.0 (0)

0.0 (0)

!.l (!)

0.0 (0)
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Ptptld*. 1

I-I1/C2

54-63

0.0 (0)

0.0 (0)

2.0 (!)

0.0 (0)

0.0 (0)

1.0 (1)

l.» (2)

1 0 (1)

0.0 (0)

1 0 (!)

0.0 (0)

0.0 (0)

!.O (!)

0.0 (0)
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l-II-E/L
64-74

1 1 P)

0.1 (0)

0.2 (0)

1.2 (1)

0.1 (0)

1.1 (1)

3.6 (4)

1.0 (1)

0.1 (0)

1.0 (1)

1.0 (1)
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1.0 (1)
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SM14
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HUMAN SPLEEN HISTONE Hlb 367

M U n . M * Kid coveiltloB baUr nttca) X t lul m n r i o (»1 1)

of tta papttdn ofauiMd fna fnpMt IT by lUphylocaccal frvtmt*. ijdupnu-

tUH Arv-<, or p*y>1t> tfJintiM. Tk» ftnt tw Mints wtn fnctlautad tor

me m K E I B I I I JX-7Cn. arl tl» lot w oo Ifcclaail X, , . » la Flf. B.

(• IS.

XWU TIS. Trĵ ttc Kftldn ot>U1>»4 frta fra^Mts ffl «*d IT. Etc* fnwat (CJ. 40 tm>\) M I dlfnud

with trrr»fi (S<f« typ* I. 1/10 (II) or 1/H0 (IT) «/w) U 0.1 K fcOO] fw 1 h (D) or I.S k (IT) at 3JX.

Tbt «gnt t f a < n fnctioHttil hy WIC it 1B Ftg. U ; Uut *f IT M I n m c*nmU>Qr̂ £*d m ST-S«pb«da

tod tlaa o« feclrafl tCu ti (• Fig « . Md fwliir p^ifirt « Hiucki rnl> 176)1, If maaarj. toiidv

U m »f tkt riwlij ikUrvJotd w m i (Flf 3)

j CTtM P d1fml«. i^C^trio (nl I) «r» fiMl Mtl
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A

_ - ~ ' ~ I/S3

•

1
I/S4

i/ssi •Uli

B

1/S3

•

•

0.4

0 }

0.2

0.1

0

5S

-

IV/S5

~~ \ 'V/S"ii
I li

T 1 l i •
1 1 I 1

IO 5
5°

40 50

FRACTION NO.
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FRACTION HO.
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2 4 6 8 2 4

TIKE (h)

Fig. IS. Oraaatograpty of t*i llslttd chjwatJTTtic dfgnt «f Hib OM • I1&-lhd

HI-PDTT V-HS coiw (4 • i 2S0 H ) vitb n ac«tan1tr11« r * ^ ^ t la 0.1 t (v/*)

TFft »t 50-C. Fncticos, 2.0 tf/2.0 via.

FIB- » . bcovtHM of rTH-viDO ftdib « autaaUd E«MO d

FnoMtt IT (a.. » M»l) M m1rx*d with a liaoia-o^asa

(JEOL K^ti «S-47C). I . Ptptldt ft ft (Q. I m l ] • « ajul/n« witk

a oai-pbaM u*B«nca u»lrnr t * f fH^ HoiyiUv M k l 47U). . . *• M I W

add fcnad i t that m l * n i o, thou *rr1*«a frga O* pr+cvtiag r«1<k«s.

Fig- »• A. ar^to^npfaj of tbt ttj^vlococcal rn tNH aiflnt af frtpvot I.

as In Fig. IS. Fr*cda», 1.0 • ] / ! 0 sia. I . fccfcf UHjrpby af tba fnctiaa

of 1/32 Md I A3 oa a R1U-A1 gal OOtJ CBIBH (4 I 300 M ) »1ti M acatoaitHla

prWitrt 1B 0.1 I ( T / I ) TTA i t ar t . Fr^tion, 1.0 BJ/I.O via.

fig- 4S. TH Ml $tmctr* of UH i-tandMi-blocfcad alpaptidi {(-S«r-6tu). Intact

Kb, aad calf Xkymm W\ im W t* OOHJjO, tvcar̂ td on • lr**r 0MOD ipactraHtar

Fig B, Qnmtofrtftr of t*a tUfAyloutcal arataasa aignt «f f n p u t n

m • >Kl«os11 )00-7Cu colam (4 i 300 m) with an acatooitrlta grvdint In

0.1 X (*/*) TFA at W t . FractiaM, 1.0 •1/1.0 •!• ,

Fig. B. Cartomwptian* iSonttooaf lUKtHlb. A. lib ( j * . • « D — i

tm*at*d with Cltsa P (H n ) <i L I K *C*t1c Kid [pi 1.9. 0 4 al) at 3CTC.

1. Bla ( a - U anl) HM lacobaM wiU CT»ta I (1/10 «/M) U ffl M Trii-NCl

(f« CO. O.C •)} at 37*C. AfUr 4 a, tin AfttUaa aixm* mi billaa far

I BID at 1U*C and U M 1ot*«t*J wit* Cfua A (1/10 K M at 37*C. AlUpnu

(0.1 •!) of ttaM digMtlon slrtsrw wrt aulrnd i t tha lodlcatad tlaas.
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