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The intact variant surface glycoprotein (V8G) TLTat 1:24 from Trypanesoma bruced has been
crystallized. An amino-terminal domain of the protein comprising two thirds of the sequence
had been erystallized previously after proteolytic digestion. Now intact V8G oryqbalq have

been grown from 50 mm-Mes (pTl 6:5) containing 629, (w/v) s

saturated ammonium sulfate.

The crystals are demonstrated to contain the intact VSG by h.p.lc. gel filtration and
reaction with an antibody to the inositol phosphate oligosaceharide on the VSG carboxy
terminus, The space group of the crystals is 6,22 (or P6,22) with unit cell dimensions

a=b=184 A and ¢=2144A.

erystallization,

Preparative isocleetric foeusing may have [acilitated

Trypanosome bruees is o paragitic protozoan that
inhabits the bloodsiream and tissue spaces of its
mammalian hogt, 7" brucei brucei causes nagana, a
discase that is endemic in cattle throughout a large
arca of equatorial Africa, The related subspeeics,
T. brucei rhodesiense and 1. brucei gambiense cange
African gleeping sickness in humans, Both diseases
are characlerized by a relapsing paragitemia, asso-
ciated with the expression of antigenic variation
within the parasite population (for a reviow, see
Turner, 1984). Different antigenic varianis express
distinet variant surface glycoproteins, or V8Gsi,
which form a cloge packed matrix visible in trans-
mission electron microscopy as an electron-dense
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layer, 10 to 165 nm thick (Vickerman & Luckins,
1969).

The biochemistry and molecular biclogy of the
V8Gs has been extensively reviewed (Cross, 1990;
Turner, 1985; Pays & Steinert, 1988; Donelson,
19873 and is only brielly summarized here. V8Gs are
glycoprotein dimers containing about 450 amino
acids in the menomerie subunit, Sequence diversity
is exiensive, producing anything between 109, and
902, homology. Despite this remarkable sequence
diversity, several features of the molecules are
oonserved. Sequence variability is highest in the
amino-terminal two-thirds of the molecule, while
soquence  similarity  in the  carboxy-terminal
segment of the mature polypeptide has heen used to
establish the existence of at least two VSG classes, T
and Il. The carboxy- and amino-terminal portions
are separated by a prolease-snsceptible region that
allows cleavage into two domains by exogenous ar
endogenous profease. VSGs are anchored to the
membrane  through  glycophosphatidyl-inositol
altached to the C-terminal amino acid (Asp or Asn
for class [; Ser for class TT). The molecule can be
solubilized by activation of an endogenous phospho-
lipase C, which removes dimyristoylglycerol and
exposes an antigenie determinant within the glyco-
lipid that is common to all V8QGs, known as the
cross-reacting  determinant  (CRD).  Southern
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Figure 1. Photomicrograph of crystals of TLTat 1-24.
Crystals were initially produced in hanging drvops
{(McPherson, 1985), set up in 24-well tissuc culture platos
(Tinbro), by mixing 1 ul of protein solution (40 mg/ml)
and 1pul of reservoir buffer containing 50 mm-Mos
(pH 6:5), G0 to 629 saturated with (NH,),80, and
including 0:019%, {w/v) NaN,. Single drops were equili-
brated over 1 ml reservoirs on silanized glass coverslips
(Aquagil: Pierce). Targer, better diffracting erystals have
heen grown by slowing the rate of growth through the
addition of 025 M-NaCl or Tvis  HCI to a firal concentra-
tion of 007 3. The crystals shown are 01 mm in their
longest dimension.

hybridization experiments suggest thai the try-
panosome may contain about 1000 different VSG
genes,

Crystal struotures of the N-terminal domains of
two V8Gs have been reported at 6 A {1 A = 0'1 nm}
resolution (Preymann ef al., 1984; Moteall ef al.,
1986) and have been determined to 29 A resolution
(Freymann ef al., 1990), revealing an unusual 100 A
long rod-like molecule with a central core of long
a-helices. A number of other VSG N-terminal
domains have also been crystallized (Metealf et al.,
1988). Crystals of an intact V8G, including the
C-terminal one-third of the sequence have now heen
produced from the class T VEG TLTat 1-24.

To prepare V8G, trypanosomes of TLTat 1-24
serademe were purified from the blood of infeoted
rats according to the method of Lanham & Godfrey
{1970). SBoluble V8G was prepared as described by
Cross (1975) and used for crystallization directly
after the DEAT-cellulose purification or following
additional purification hy preparative isoclectric
focusing (TRT) in a Rotofor TRT apparatus (Biorad)
according to the manufacturers instructions.

The erystals of whole TLTat 1-24 were obtained
under conditions similar to those previously found
to  crystallize the amino-terminal  domain
(20 mwm-Tris - HC (initial pH 7-4); 50 mm-Mes {initial
pIl 6:5); salurated o 60 to 649 {(w/v) with
{(NH,),S0,) afier a V3G preparation was subjected
to fractionation on DES2 cellulose. Tn contrast to
the amino-terminal domain of Tl.Tat 124, which
erystallized as octahedra in clear liquor (Metealf et
al., 1988), crystals of the intact VSG were hexagonal
bipyramids (Fig. 1) and iypically grew to about
100 pm? in wells containing large amounts of preci-
pitated protein. The cryslals were found by
SDS/PAGE to contain predominantly a 53,000 M,
protein, identical in size Lo tho original intact VSG
rather than the 42,000 M, amino-terminal domain.
{These M, values were previously reported as 56-2
and 407 kDa, respectively, corresponding to sizes
observed on larger gels of lower percentage poly-
acrylamide (Metecalf et al., 1988)). Aleng with the
whole 53,000 M, VSG, polypeptides of 49,000 and
37,000 were observed in lesser quantities.
Amino-terminal sequences obtained by gas-phase
Kdman degradation after electrophoretic transfer to
PVDTF membrane (Matsudira, 1987) showed the
amino termini of the 53,000 and 49,000 M, protein
bands eorresponded to that of intact TLTat 124
(THFGV .. .. Motoall et «f,, 1988). Tor a single
crystal approximately -5 mm? in size, the relative
yiclds of protein were 25 pmol for the intact species
and 1 to 2 pmol for the 49,000 M, fragment (the
quantity of the 37,000 M, protein was below the
level of detection) suggesiing that the ecrystals
contained intact 53,000 M, protein and the
49,000 M, fragment in a ratio of approximately 10
to 1. Beecause previous results have shown that the
carboxy-terminal portions of VSGs are susceptible
to proteolytic cleavage by endogenous proteases
(Metealf ef af., 1988) and since the crystallization
drops initially eontained only intact 53,000 M,
TT.Tat 1-24 the smaller polypeptides were considered
Lo be proteolytic products.

It was subsequently found that purifieation of
ILTat 124 by preparative TEF diminished precipi-
talion during crystallization and eliminated proteo-
lysis, as determined by the absence of the 49,000
and 37,000 M, proteolytic fragmenls in fresh
crystals analyzed by SDS/PAGI. Thus, it seems
that preparvative IEI' reduced the effect of a
prolease contaminant. Qur experimonts also suggest
that isoslectrie focusing may have facilitated crys-
tallization of the intact molecule of TLTat 1-24,
Preparations that were not purified as described
above did not yield crystals of intact 1LTat 1-24.
Turthermore, peak fractions of the Retofor TEF
profile (pH =57 to 61) crystallized within two
weeks in 50 mm-Mes (pH 6-5), containing 60 to 62 %,
saturated (NH,),80,, whereas outlying fractions
isolated at lower pI values of 50 to 56 erystallized
under similar conditions but only after three to six
months.

Tt was previously reported that TLTat 1-24 under-
went breakdown by endogenous protease(s) to
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Figure 2. h.ple. analysis of crystallized T1.Tat 1-24.
Gol filtration h,pl.e. was performed isooratically on a
Waters h.p.l.e. sysiem using a Protein Palk 300 column
(Waters) pumped at 06 ml min™'. The mobile phase
congisted of MBS (015 M-NuCl, 0025 m-Mes (pH 65),
containing 0-1% NaNj). The column was calibrated with
glutaraldehyde-crosslinked ovalbumin or bovine serum
albumin, Lyophilized IT.Tat 124 was rehydrated dircetly

produce amino-terminal domain fragments, which
subsequently crystallized (Metoalf ef al., 1986,
1988). In contrast, data quality crystals of the
intact protein have now been grown within two
weeks from peak TKI fractions, starting as small
{ <100 pm) crystals that wore observed within one
or two days. The rate of TLTat 124 VSU breakdown
is slowest compared to other variants that arc
ourrently under study in this laboratory (i.c., MI'Tat
12, TL'Tat 123, and TLTat 1-25), which may be
another factor contributing to our abilily to erystal-
lize the whole molecule.

Because of our previous inability to obtain
crystals of intact V8Gs it was necessary to establish
unequivocally that the crystals described here
contain intact TLTat 1-24. Three criteria snggest
that this is so. The M, of the ILTat 1-24 in erystals
analyzed both by size exclusion h.p.l.e. (Fig. 2) and
by SDS/PAGE (Tig. 3) was identical to that of the
original intact protein, Crysiallized and intact VSG
had identical amino-terminal sequences (see above)
as well as intact carboxy termini as shown by anti-
CRD antibody reactivity on immunoblots (IMig. 3).

Still and precession photographs of TLTat 1-24
erystals were obtained with a Supper procession
camera on Elliot GX-6 and GX-13 rotating anode
X-ray generators operated al 19 mA and 39 kV, or
60 mA and 40 kV, respeclively with Iranks mirror
focusing opties, X-ray data were collecied on a
Xentronics multiwire arca detector (Durbin e al.,
1986) and analyzed with BUDDHA software (IBlum
el al., 1987). Initially, the orystals of intact TLTat
1-24 diffracted to approximately 6:0 A but improved
growth conditions (sce the legend to Fig. 1) have
congigtently produced crystals that diffracted to
about 32 A resolution. Their hexagonal shape
suggesled a trigonal or hexagonal space group. A0,
kOl and Ahl precession photographs reveal a hexa-
gonal lattice with fi/mmm symmetry. Systematic
absences along the ¢* axis are consistent with the
presence of a 6, screw axis, establishing the space
group as 6,22 (or 1'6,22). The unit cell dimensions
are a=0b=184 A and ¢=214 A, Cell constants
have been cbserved to vary by about 0-569%, on both
a and c.

Baged on a calculated mass of 50,200 3, for the
468 amino acid residues, plus 2000 M, for the phos-
phatidylinositol glyean, the molecular mass of an

in MB® buffer (a) and after X-ray data collection, a
cryatal of TLTat 124 was dissolved in MBS (b) and both
samplos were analyzed by gel filtration h.p.l.e. as
deseribed. Elution times were 13 : 00 and 13 : 02 (min : 5),
respectively. Migration of calibration standards are shown
as arrows: bovine serum albumin (BSA) monomer (1),
65,000 M,, 14 : 32; dimer (2) 130,000 M,, 12 : 26; trimer (3)
195,000 M,, 11:10; ovalbumin {(OVA) manomer (1),
43,000 M., 15:45; dimer (2), 86,000 M, 13:48; and
trimer (3), 129,000 M,, 12:30. Sample injections are
indicated by arrows on the baseline. The vertical bar
indieates 0-1 0.n. unita, The small peak at 10: 35 in (b) is
a high M, oligomer of ILTat 124 and is possibly an
artifact of X-ray irradiation,
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Figure 3. Comparison of reactivity toward anti-CRD antibody of 1LTat 124 in erystals and solution and after
treatment with Staphylococens aureus V8 endoproteinase glu-c. Prior to SDE/TAGE analysis, crystals were washed by
transfer through 10 x 2-mi harvest buffer consisting of 50 mm-Mes (pit 6:5) and (N11,),80, to 759, or 809, saturation.
The crystals were transferred by a pulled glass capillary with a fresh capillary used for cach transfer.  Crystals were
ineubated in “‘erystal harvesting buffer” (809, (NH,4);80,, 50 mm-Mes (pH 65)) or “dissolving buffer” (50 mm-Tris
{pH 81}) for 4 h at room temperature in the presence or absence of glu-c (0:02 units, Boehringer Mannhcim), which
eleaves 11, Tat 1'24 into amina and carboxy-terminal domains. The reactions were compared to identical control reactions
performed with rehydratod, uncrystallized protein and analyzed by SDS/PAGE (Laemmli, 1970) and subsequent
Western blotting (sce below), Lanes 1, 2: VSG in intact crystals incubated in erystal harvesting huffer were not cleaved
by glu-C (2} and retained the same M_ as protein in crystals that were not incubated with the protease (1), Lanes 3, 4:
TL'Tat 1-24 crystal in dissolving buffer was proteotyzed by glu-c to produce N and C-terminal demains (4) while the
control in the absence of enzyme remained intact (3). Lanes 5, 6: ILTat 1-24 rehydrated in erystal harvesting buffer in
the absenee (5) or presence (6) of glu-C. Lanes 7, 8 ILTat 1-24 rchydrated in dissolving buffer in the absence {7) or
prescuce (8} of glu-C. (a) Shows the fixed, stained gel hefore re-incorporation of 8DS and Western transfer. (h) Shows the
autoradiogram of the Western blot after reaction with rabbit polyclonal anti-CRD antibodies followed by *2*1-labeled
8. aureus protein A. T indicates the migration of the intaet V3G, N indieates the position of the amino-terminal domain
and C indicates the position of the carboxy-terminal domain. Migration of the molecular weight calibration standards are
shown at the left. To visualize VB3Gs on both SDE/PAGE and Western blots, they wore first run on SDS/PAGE in 129,
(w/v) polyacrylamide gels, which were then fixed, stained and photographed. For Western transfer (Towbin el al., 1979),
8DS was re-incorporated into the gels by soaking in SDS/PAGE tank buffer, then V3Gs were blotted onto PVDF
membrane in an ice-cooled mini-blot apparatus {Biorad) containing SDS/PAGIS tank bufler at 10V, 60 mA for 1 h.
Non-specific binding was blocked with 0:15 M-NaCl containing 20 mm-Tris {pH 7-4) and 5%, (w/v) non-fat dry skim milk
powder (Carnation) (Johnson efal., 1984). The blots were then reacted for 1 h with a 1: 100 dilution of polyclenal
VSG-abzorbed rabbit anti-V8G CRLD antibody in TBS/milk, then washed with TBS/milk. Specifically bound antibodies
were detected by '**T-labeled 8. aurens protein A and subsequent autoradiegraphy.
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ILTat 124 monomer is estimated at 52,200 M,. The
amina-terminal domain of TT.Tat 1-24 crystallized as
dimers (Metcalf e of., 1988) and protein from
digsolved crystals of intact TLTal 124 migrate on
size exclusion h.pl.c. as dimers (Fig. 2). 1f the
solvent content were about 559, (as found in the
N-terminal domain crystals), the crystals of inlact
ITL.Tat 1-24 would contain two dimers per asymmet-
ric unit,

The present crystals have a relatively short life-
time (8 h) in the X-ray beam, Preliminary experi-
ments indicate that after inlroduction of ethylene
glycol as a eryo-protectant (Pelsko, 1975; Douzon ef
al.,, 1975) the erystals continue to diffract when
cooled to 100°K in a stream of cryo-cooled N,
(Hope, 1988; Hope et al., 1989),
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