Volume 29!, number 2, 307-30S

ADONI{S 0014579391009778

FEBS 10267
© 1991 Federation of European Biochemical Secieties 00145793/91/83 50

October 1991

Crystal structure of hevein at 2.8 A resolution
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The three-dimensional structure of hevein, a low molecular weight protein 1solated from the latex of Hevea brasiliensts, has been determined by

X-ray diffraction at 28 A resolution The protein crystallizes 1n space group P2,2,2,, with lattice constants a=21 78, »=3186, ¢=5112 A The

structure was solved by molecular replacement methods using the domamn C of wheat germ agglutinin (WGA) as search model The positions and

mdvidual 1sotropic temperature factors of the 324 atoms have been refined by the Hendrickson and Konnert restraned refinement procedure While

tight restramts have been mamtained on the bonded distances and angles, the R-factor has diopped to 24 1% and an averaged B value of 9 § A2,

using 78% (802) of the total possible number of reflections i the resolution range 5-2 8 A The tertiary structure 1s very similar to that of domain
C of WGA from residues 3-31

Hevemn, Crystal structure, Agglutinin, Hevea brasiliensis

1 INTRODUCTION

Hevein i1s a small, four-cisulfide protein present 1n the
bottom fraction of ultracentrifuged rubber-tree (Hevea
brasiliensis) latex, whose physiological role 1s still un-
known The ammo acid sequence n 1ts 43-residue poly-
peptide chain has been reported [1] In terms of primary
structuie, hevein shows 56% sequence identity to the C
domain of wheat germ agglutinm (WGA) [2], for which
an accurately 1efined crystal stiucture 15 available [3].
Recent circular dichroism studies support the 1dea that
the polypeptide conformations of WGA and hevein are
closely rclated [4], in addition, on the basis of these
studies 1t has been suggested that some common spec-
tral characteristics of the two proteins are a reflection
of a stnmlar artangement of disulfide bonds Therefore,
hevein and each of the four domains of WGA are expec-
ted to have a similar structure This paper descuibes the
crystallization, stiucture determination and 1cfinement
of hevein at 2.8 A, and compares 1ts structure with that
of WGA. Furthermore, the hemagglutinating activity of
hevein was also investigated

2. MATERIALS AND METHODS

21 Crvstallizanon
The protein was purified flom the bottom fraction of H hrasiltensis
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latex (clone GV-31) as previously described [5] Crystals of hevein were
grown using the hanging drop method as ieported before [6] Samples
(12 ul) containing 10 5 mg/ml protemn were mixed with 12 ul of 60%
2-methyl-2.4-pentanediol (MPD), 0 01 M CacCl, buffered with 40 mM
Tns, pH 806 Each droplet was equilibrated against 500 ¢l of 60%
MPD, 0 15 M NaCl in the same buffer Crystals (0601 x008 mm)
appeared within 2-3 weeks at 6°C The crystals are orthorhombic,
space group P2,2,2,, a=21 78, b=31 86, ¢=51 12 A, one molecule per
asymmetric umit with a protemn fraction of 64%

22 Daia collection and processing

For intensity data collection a crystal was mounted and sealed
07 mm glass capillary with a plug of well solution The crystal was
placed on the goniostat of a Nicolet P3/F four-circle diffractometer,
using a graphite monochromator with CukKe radiation at 2000 W (40
mA) power, and optically centered Crystals of hevein are orthorhom-
bic, P2,2,2,, only 1/8 of the chffraction data 15 unique An octant of
mtensity data was measured at 2 8 A resolution (1022 reflections
observed of 1033, 98%) by using a Wychoff step-scan procedure and
techniques deseribed elsewhere [7] An cmpirical absoiption correc-
tion was applied to the intensity data based on the measurement of
transnussion curves nedar y=90° [8] Decday correction was not applied
and twice the absolute value of the average of the negative intensities
(averaged-background-corrected intensities) was used as the observa-
ble limut for data reduction

23 Srrucwe deternunation and refinement

The structure of hevein wads solved by molecular replacement rota-
tuon-translation method [9] using the structure of the domamn C of
WGA as the scarch model The atomuc coordinates of WGA, refined
at 18 A resolution [2], arc available from the Brookhaven Protemn
Datd Bank [10] The main chain and 24 conserved side chain positions
of WGA (domain C) werc employed n the calculations (252 atoms,
78%) (Fig 1) The 1otation search wds carried out using the PRO-
TEIN package of programs [11] The model was placed 1 a trichnic
cell with orthogonal axes of length 48 A Trichime structure factors
were calculated trom 8 0 to 30 A resolution and an overall tempera-
ture factor of 15 A* A 30 A model Patterson mdp was calculated and
only the largest 1618 vectors within a4 radidl shell of 3-12 A were
chosen for the rotation search The crystal Patterson synthesis was
caleulated using ail reflections from 80 to 3 0 A The product corre-
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lation of the crystai and the model Patterson maps was calculated as
a function of the orientation angles €,, 6,, 8, (Eulerian angles) tn steps
of 5° n the angle range 6,=0-180°, 8,=0-180°, 6,=0-180°, and subse-
quently m smaller steps of 1° and finally in 0 5° steps The highest
correlation of each search appeared consistently at the same set of
rotat:on angles The rotation angles of the best solution for hevein
were 70 0°, 105 5°, 194 0° and coresponded to a peak height of 16 0
(4 70 above background) The next highest peak n the same solution
154 20 A translation vector search wads carricd out using the program
BRUTE [12] for the three highest rotation solutions, using data from
50-30A,60-30A,50-28 A and 60-2 8 A resolution The best
solutions had values ranging between 60 and 8¢, corresponding to
corrclation coefficients of 0 30-0 36 As a single solution was not
obvious from the translation sea «  results, the possible correctness
of a number of highest solutions, from each rotation solution, was
determined by examunation of the resulting Ca-structure packing
using an Evans and Sutherland PS 390 interactive graphics system
with FRODO [13] software Thiee translation possibilitics from the
best solution and two of the second and third best solution were
examined The interpenetration and short contacts in molecular pack-
ing of hevein molecules in the crystal easily eliminated all but one
solution The first translation solution from 50 to 30 A of the best
rotation solution shows a tight and regular packing of molecules in
the crystal The rotation angles and translation solution were then
refined simultaneously m 0 3° and 0 1 A increments The best solution
of the rotation/translation refinements gave a correlation coefficient
of 0 44 corresponding to Eulenan angles of 68 5° 107 2° 193 3° with
atranslation vector of 135 A, 28 A, 201 A A (QF,|-|F.)) map, based
on these rotation/translation results, revealed most of the hevern struc-
ture (residues 1-31) The region of the structure from residues 32-43
ptoved to have a number of breaks in the density and a definite path
for this region was not clear Conscquently, 1t was not considered in
the structure factor calculations at the start of the refinement

The structure of hevein was refined at 30 A resolution using
restrained least-squares methods with the program PROLSQ [14] and
PROFFT [15] for 34 ¢ycles The R factor dropped from 51 9% to
34 5% At ths stage the 277,-F, and F_-I, maps were inspected using
FRODO, and 1t was possible to fit residues 32-37 mnto the electron
density A further 40 cycles of least-squares minimzation were per-
formed with the use of an average overall thermal patameter and the
R factor dropped to 30% Graphic refitting of the model structure at
this stage revealed residues 38-43 An additional 35 cycles of refine-
ment, using data from 5-2 8 A and individual temperature factors for
side and main cham atoms tor each residue, resulted in the current R
factor of 24 1% and an average B-value of 95 A? The root-mean
squdre (r m s ) deviations of the structure from the idcality are 0 020
A for covalent bond distances, 0053 A for the interbond angle dis-
tances, 0015 A for the planat groups and 2 4° tor the peptide bond
torsional angles

23 Hemagglutination tests

A 2% suspension of native crythrocytes of the different human
bloodgroups AOB was used to determunce the hemagglutination capa-
oty of hevein, according to the sertal dilution procedure in microtiter
plates [16] Specthcity was determined by mixing the protein solution
with various carbohydrates (0 1 M), and then testing ther agglutina-
ton activity as above

3. RESULTS AND DISCUSSION

31 Structure deternunation

The three-dimensional folding of the hevein polypep-
tide chain 15 shown 1n Fig 1A, The stiuctuie 1s folded
into a series of loops all linked together by [out disulfide
bonds and similar to the domain C of WGA (Fig. 1B)
A least-squares superposition of the structurally cquiva«
lent a-carbon atoms of hevern and domain C of WGA
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Fig 1 Schematic representation of the ¢-carbon backbone and disul-
fide bonds of hevemn (A) and domain C of WGA (B) The disulfide
bonds are represented by double lines

gives at this stage of refinement an rms deviation of
1.2 A However, the rms difference n the tightly
folded core region (residues 3-37) 1s omv 078 A

Three out of the four disulfide bonds (Cys’~Cys'®,
Cys'>-Cys™ and Cys'’-Cys*") occupy analogous post-
tions 1n the two structures The disulfide bridges (Cys’~
Cys' and Cys'>~Cys®, Cys'-Cys*' and Cys*’-Cys*)
are nearly perpendicular to one another, with a distance
between disulfide midponts of 476 A and 48 A, re-
spectively. As a result of these close disulfide contacts,
the different loops tend to extend away from each other.
A solvent accessibility calculation [17] indicates essen-
tially zero accessibility for all disulfides of hevein, with
the exception of Cys*' which showed 14 and 19% for
side chamn and total, respectively

The stereo drawing shown 1n Fig 2 depicts the com-
plete hevemn structure. Due to 1ts small size and its lack
of a hydiophobic core, the three atomatic 1esidues of
this molecule (Trp*!, Trp**, Tyr*’) and Pio* aie all ex-
posed to solvent Of the charged side-chains, all gluta-
mic acids, lysines and two aspartic acids (Asp®, Asp*!)
are extended mnto solvent, while Arg’ and Asp* form
intramolecular hydrogen bonds Two seune (Ser®,
Ser*?), a threomne (Thr*") and a histidine (His') resi-
dues aie relatively exposed to the solvent

3 2. Hemagglutinarion tests

It was found that hevein agglutinates human erythro-
cytes of blood group A In a prchminary attempt to
identify which sugars mhibited this activity, we used
N-acetyl-D-glucosamine, N-acetyl-D-galactosamine
and galactose, observing that the mamn nhibition was
produced with N-acetyl-D-glucosamine It 1s already
known that WGA binds specifically to oligosacchanides
such as sialic acid (N-acetylneuraminie acid) and chitin
(N-acetyl-D-glucosamine) [18] and that theie arc two
unique binding sites {3]. In thesc sites there ate mvolved
two tyrosyl side chains (Tyr”, Tyr'") which assume
precise orientations for optimum hydtophobic contact
with the N-acetyl methy! groups of the sugar higand,
also 1nvolved ate some side-chains that form hydrogen
bonds (Ser®, Glu''s, Ser'™* and Asp?). The specific ori-
entation of the thiee aromatic restdues 1n hevein and
also the presence of Asp™ and Asp™ in the sume region,
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Fig 2 Stereoview of the complete tertiary structure of hevein Selected residues are numbered for gindance

seem to indicate that the sugar might bind at this site
The fact that this small protemn has the ability to bind
sugars makes it a candidate for research in cancer diag-
nostic work and/or chemotherapy

A high resolution analsys of hevein 1s presently 1n
progress, and that should enable one to make a detailed
comparison between this protein and WGA
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