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The complete primary structure of abrin-a B chain
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The camplete 267 amino ucid sequence of wbrin-y B chain was determined by analysis of peptides oblained by digestion with trypsin, chymotrypsin,

lysyl endopeplidase, Stuphylucocers aurcies V8 protense and thermolysin, The sequence is not identical with that predicted previously by nucieotide

swequencing, indicating the presence of isoforms of abrin, Comparison of the amino acid sequence of abrin-a B ¢hain with that of ricin-D B chain

reveals a high degree of sequence identity (S9%). Abrin-a B chain appears to consist of two domains, cach domain with subdomains (z, 8. 7} of
about 40 amino acid residues,

Abrin-a B ¢hain; Primary struciure

. INTRODUCTION

Abrin-a iy one of the potent toxins isolated from the
beans of plunt Abrus precatorins [1.2]. The toxin protein
consists of two disulfide-bonded subunits, the A and B
chains. The B chain is a galactose-specific lectin that
facilitates the binding of abrin to the cell membrane that
precedes endocytosis. After entering the cells, the A
chain catalytically inactivates 60 S ribosomal subunits
by removing adenine from position 4,324 of 28 Sr-RNA
[3.4]. and thereby inhibits protein biosynthesis. Abrin-a
A chain itself was virtually non-toxic to intact cells, and
the presence of free B chain significantly enhanced the
toxicity of A chain to intact cells {5.6).

The A chain of abrin-a has been conjugated to mon-
oclonal antibedies using disulfide-containing cross-link-
ers. There is considerable interest in the potential use of
the conjugate or immunotoxins in cancer chemotherapy
[7-10]. The toxicity of immunotoxin was increased in
the presence of B chain by enhancing the translocation
of A chain into the cytoplasm to exert its cellular cyto-
toxicity, However, the presence of B chain complicated
the complete immunotoxin by its galactose binding ac-
tivity [11,12]. Recently, recombinant conjugates of cy-
tokine and A chain have been constructed, and the spe-
cific killing of cells by the conjugates was demonstrated
[13]. The inclusion of B chain with a mutation that alters
the galactose binding motif in the recombinant toxin
constructs may lead to a modified conjugate with en-
hanced specificity.

Carrespondence address: 1-%. Lin, No. 1 Seclion 1, Jen-Ai Road,
Taipei, Tuiwan 10018, Republic of China.

Published by Clsovier Science Publishers B. V.

Recently, a whole genomic DNA of abrin C was
cloned and sequenced [14). The present report presents
the complete primary structure of abrin-a B chain, and
provides evidence of repetitive genes coding for the B
caiin.

2. MATERIALS AND METHODS

2.\, Purification of abrinea 8 chain

Abrin-a was isolated und purified according to the methods de-
scribed previously [2]. The B chain of abrin-a was obiained by redug-
tion of abrin-a followed by chromatography on a DEAE-cellulose
column {18). und then carboxymethylated [16]. The following enzymes
were purchased {rom the sources indicated in parentheses: trypsin.
chymotrypsin, and thermolysin (Sigma), S. aureus Y8 protcase
(Boehringer-Mannheim). lysyl endopsptidase (Wako Pure Chemi.
¢cals), The PYDF membranes {{mmobilon transfer), 0.45 ym pore size,
were oblained from Millipore, All other chemicals were of the highest
grade commercially available.

2.2, Sequence determination

2.2.1. Enzymaltic digestion

Tryptic und chymotryplic digestions were performed in 0.05 M Tris-
HCl buffer, pH 8.0, at 37°C for 3 h. Digestion with thermolysin was
carried out in 0.1 M NH HCO, bufler, pH 7.8. a1 40°C for 1.5 h. Lysyl
cndopeptidase digestion was performed in 0.85 M Tris-HCI bufYer, pH
8.0, at 37°C for 3 h. The digestions were stopped by the addition of
acetic acid. Limited digestion with 8. aurcus V8 protease was per.
formed by incubating the abrin.a B chain in 0.1 M pyridine-acelate~
collidine bufTer, pH 6.5, at 0°C for 1 h. The preducts were elstrablot.
ted onto PYDF membranes and then stained with Coomassie brilliant
blue and the sequence of peptides on the membrane was determined

(7.

2.2.2. Fractionation of the peptides

Peptides obtained by digestion with trypsin, chymotrypsin, thermo-
lysin, and lysyl endopeptidase were fractionated by reverse-phase
HPLC in uBondapak C18 reverse-phase columns (4.6 x 250 mm)
(Waters). The peptides were ciuted by a linear gradicnt of assioniitiic
containing 0,07% trifluoroacetic acid from 10 10 70% at a flow rate
of 1 mlU/min. UV-absorbansce of the cluent was monitored at 214 nm.
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2.2.3, Amino ueid analysis

The amino ucid analysis was performed with an automatic Beckman
6300 system amino ucid nutounulyzer. Sumples were hydrolyzed with
6 M HCI contuining 0.5% phenol ut 150°C for 1.5 h in seuled evacu.
ated tubes.

2.2.4, Sequence unalysis

The umino acid sequence of purificd peptides wus unalyzed with an
ABI 477A sequencer and an ABL 120 A analyzer using about 200
pmol-1 nmel of peptide dissalved in 0.05% TFA and 0% acetonitrile,

2.2.5. Nomenclature

Peptides derived from the digestion with trypsin, chymotrypsin,
thermaolysin, lysyl endopeptiduse, and S. ewrcus VB protease ire
named by letter codes T, €, TH, L und Vv, respectively, and the
numbers ure denoting the order in which they appear in the B chain
from the N-terminus.

3. RESULTS AND DISCUSSION

The complete amino acid sequence of abrin-u B chain
from A. precatorius is shown in Fig. 1. Four scts of
overlapping peptides (30-50 nmnl) were obtained after
reverse-phase HPLC of reaction products of four differ-
ent proteases of 300-500 nmol quantities of abrin-a B
chain, The B chain contains 267 amino acid residues,
Direct sequencing of abrin-a B chain identified un-
umbiguously the residues 1-23 (Table I). There are four
extra amino acid residues at the N-terminus of abrin-a
B chain when the sequence was compared and aligned
with that of ricin-D B chain (Fig. 2) [18].

Recently. the amino acid scquence predicted by the
genomic DNA sequence of abrin C was reported
[14.19]. There are 17 variant amino acid residues be-
tween the amino acid sequence obtained from the nucle-
otide sequence and the protein sequence of abrin-a B
chain (Fig. 2). These differences could be due to the fact
that there are at least four isoforms of abrin present in
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Table [
Neterminu! sequence of abrinea B-chain
Residue Antino Yield
number acid (pmol)
I Iso AN
2 Val 4.87
i Glu 1.59
4 Lys 4.09
s Ser 0.48
6 Lys 240
7 Iso 266
B Cys 1.22
9 Ser a.712
10 Ser 0.59
I Arg 0.32
12 Tyr 2.6
I3 Glu 1.58
14 Pro 1.30
18 The 1.83
16 Val 390
1? Arg 0.98
18 iso 6
19 Gly 214
20 Gly 236
21 Arg 0.44
2 Asp 1,02
23 Gly 246

Numbers stand (or position number in the B-¢hain sequence.

A. precatorius, as reported previously by severul lubora-
tories [1.2,20], Although abrin and ricin are not closely
related taxonomically, the B ¢hains of abrin-a and ricin-
D have very high amino acid homology with 159 amino
acid residues conserved as shown in Fig. 2. which is
higher than that of A chains of abrin and ricin, with 102
amino acid residues conserved [21].

It has been proposed previously that the B chain of
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Fig. 1. Summary of the resulls of sequence analysis of the abrin-a B chain. T, trypsin peptides; C, chymolrypsin peptides; L, lysyl endopeptidase
peplides; ¥, Staphylococcus aurens Y8 protense peptides; T, thermolysin peptides. Sequences of all peplides were completely determined.
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0 ) 2
Abrin C S I CESRYEPTVRIGARDAMCVDOV YD
Abrin-a ' VE X8 KICSESSRYEPTVRIAQAGRDAGMCVOV YD
Rigin-0 ADVCEMODP EBPIVARIVARNOGLEVDVRASD
@ ) &
AbinC D 8 Y W NG NR I | AWKCKDRLEENGLWTLHKSDR®K
Abfine N G Y H NGNR I | MWKCKDARLEENOGLWTLEKSORK
RlcinD OGO R FHNNGNAIQLWPCKSNTODANOGLWTLKROHN
7 ] »
ADfRC T I AR S NGBGKCECLTTEAQYAPGNYVMIYOCTSAVA
Abrinne T I R E NG KCLTTYQGQYAPGSYVMIYDCECTSAVA
RiginsGE T I RENAGKCLTTYGYSPAVYVMIVYDCNTAAT
100 110 10
AbinGC & AT YWE. ONGT | I NPKSALVLSARSS S$MA
Abtinea €& AT YWE I WONGT I | HNPKSALVLSAESSSMG
RiclnD © ATRWO I DNGT I I NFVRSSLVLAATYTSANSS
120 140 150
AinC Q@ T LTYTVOTHNEYLMARQAGWRTAGRNTSPFVTS | S
Abrinfe G T LTVOTNEYLMRQAGWRTGAGNNTSAFVTS | 8
Rlgin-D T TLTVAOTNIYAVSAQGWLPTMNNTOGQPEFEY TT IV
1% 170 100
AbrinC G Y $§ D LCMOQAGAOSNVWLADGCDNNIERKEKTEOGQGGQWAL
Abfin-a G Y 80 LCMOAOCGGSNYVYWLADGCD SNEKKGEOGGWAL
flgind G L YGLECLGANSGOVW ! EDCSSEKAEOCAQWAL
1% 200 210
AbHnC Y T DA S | REVOHNTNNCLTSBEHKO HKOQGGSP I VL
Abfina Y T O Q8% | RSVONTNRNCLTSEKO HKQGSP I L L
Ric'D Y ADGS I RPAQANROMNCLTSOSNIRETVVE L
0 2% 240
AbANG ™M A C ENGWASGRWLFHKNOGS | YNLHDOMYMD
Abrinee M G C S NGQWASORWLFEXNDGS | Y8 LYODDMYMBD
Rlgin'D S CcapPAsS S$ACRWMEPERNDGT | LNLYSGAGLYVYLO
0 20
AbinG V E RS D PSS LEKEIL | LEPYHGHKPNQ I WLT.LEF
Abrinla V K G $ D P S L KOG I | LWPYTAGRPNOIIWLTLEF
flcinD VARASOPS LEOI | LYPLHGOPNG I WLEPLF
Fig. 2, Comparison of amino acid sequences of B-chain af ubrin C, abrin-u and ricin-D.

ricin-D may be a product of gene duplication [22,23]. By
comparing the amino acid sequence of ricin-D B chain
with that of abrin-a, it is revealad that the B chuin of
abrin-a was also shown to be the product of a series of
gene duplications. Abrin-a B chain appears to be com-
posed of two domains, and each domain consists of
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three subdomains (&, 8, ¥) with about 40 residues, which
are homologous with each other. There are many
strongly conserved key residues in the domains of abrin-
a B chuin, such as 1/2 Cys, Trp and lle residues. When
these residues are aligned. several areas of amino acid
homology exist between the N- and C-terminal parts of
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Fig. 3. Amino acid sequence alignment of the subdomain units of ubrin-a B chuin. The six sequences from abrin-a B chain are aligned from amino-
1o curboxy-lerminus und are arranged to maximize their similarities. The subdomain units correspond to residues us follows: 1@, 22-64; 22, 153-188:

18, 65-105; 28, 192-231; ly, 108-140; 2

. 234267, Boxes enclose identical residues between two subdomain units,
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the B ¢hain (Fig. 3). Abrin-a B ¢hain shows two gulac-
tose binding sites, Asn*' und Asn®™, which are locuted
in units | and 2, and are stabilized by hydrogen bonds
of the conserved acidic amino acids, Asp*’ and Asp™®
[24). The sequence Gln-X-Trp is highly conserved and
forms in five of the subdomuains, where X is any residue,
and Gin and Trp are invariant. Qur findings strengthen
the proposals that the B chain of abrin-a, as well as that
of ricin-D, may have come from the same ancestor of
galuctose-binding peptide of about 40 residues [24,25].
The duplication of the gene produced the (a. 8. 7).
motif, and the fusion of multiple galactose-binding pep-
tides would make the galuctose-binding protein more
effective,
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