ciated with either defective phages or
phages altered in host range. We were
unable to isolate any plaque-forming
units from the EntA*' strain MJB234,
which carries DNA homologous to
phage PS42-D. This may be the reason
that entA-converting phages could not be
identified in two strains previously ex-
amined (5, 6).

Our results show that a gene for a S.
aureus toxin is correlated with phage
DNA in all strains examined. Although
Blair and Carr (I3) demonstrated that the
ability to produce a-toxin could be ac-
quired by two of three nontoxinogenic
strains after lysogenization by the phage
L.2043, this phage may encode either a
regulatory or a structural gene for o-
toxin. However, for a different strain, no
biochemical evidence for prophage in-
volvement with a-toxin synthesis was
obtained (I4). The significance of the
observation (15) that S. aureus strains
associated with toxic shock syndrome
may have a common temperate phage is
unclear; Kreiswirth et al. (16) were un-
able to demonstrate an association be-
tween the presence of phage and toxic
shock syndrome exotoxin production.
These conflicting observations may be
due to the respective toxin-converting
phages being highly polymorphic in
properties such as viability and host
range.

There are examples of other bacterial
species carrying phages that determine
toxin production. The structural genes
for diphtheria toxin (17), erythrogenic
toxin of Streptococcus pyogenes (18),
the structural or regulatory genes of bot-
ulinum toxins C; and D (19), and the
shiga-like toxin of Escherichia coli (20)
are all encoded by temperate phage.
How nontoxinogenic phages initially ac-
quired toxin genes is unknown. The
diphtheria toxin gene (21) and the entA
gene are both located near the phage
attachment site on the genomes of their
respective converting phages (Fig. 2).
Perhaps the entA-converting phage
formed as a result of an imprecise exci-
sion event between a chromosomal en-
terotoxin gene and a closely inserted
nontoxinogenic prophage, as proposed
by Laird and Groman for diphtheria tox-
in (21). Consistent with this hypothesis is
our observation that there exist phages
that lack the entA gene but are related to
the entA-converting phages. Recombina-
tion between these various types of
phages may provide a mechanism for the
formation of new entA-converting
phages that have increased host range,
or possibly enterotoxin genes with differ-
ent serological, structural, and biological
properties.
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Localized Control of Ligand Binding in Hemoglobin: Effect

of Tertiary Structure on Picosecond Geminate Recombination

Abstract. The picosecond geminate rebinding of molecular oxygen was monitored
in a variety of different human, reptilian, and fish hemoglobins. The fast (100 to 200
picoseconds) component of the rebinding is highly sensitive to protein structure.
Both proximal and distal perturbations of the heme affect this rebinding process. The
rebinding yield for the fast process correlates with the frequency of the stretching
motion of the iron—proximal histidine mode (vg..gis) observed in the transient Raman
spectra of photodissociated ligated hemoglobins. The high-affinity R-state species
exhibit the highest values for vp.p;; and the highest yields for fast rebinding,
whereas low affinity R-state species and T-state species exhibit lower values of
Vre-ris ahd correspondingly reduced yields for this geminate process. These findings
link protein control of ligand binding with events at the heme.
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Hemoglobin (Hb) reactivity toward lig-
ands such as O, or CO is characterized
by macroscopic measurements of ligand
binding (‘‘on”’ rates) and ligand dissocia-
tion (“‘off”’ rates). These parameters of
reactivity are highly responsive to pro-
tein structure. One acquires coarse con-
trol of the reactivity by changing the
quaternary structure. The two well-de-
fined quaternary structures of hemoglo-
bin (/, 2), termed the R state and T state,
exhibit, respectively, enhanced and re-
duced reactivity toward these ligands
(1). Fine tuning of the reactivity can
occur through solution-induced or spe-
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cies-specific variations in the properties
of these quaternary structures (3-6). The
microscopic details of how changes in
protein structure modulate the on and off
rates remain an important and as yet
unanswered question in biophysics.

It was recently shown that for each
quaternary structure there are two spec-
troscopically well-defined, tertiary struc-

tures of the protein environment about
the heme corresponding to the state of
ligation (4-6). Within both quaternary
structures, ligand binding induces local-
ized changes about the heme, giving rise
to both a ligated R and a ligated T
tertiary structure. Upon ligand dissocia-
tion the ligated R(T) begins to relax to
the deoxy R(T) geometry. For the R

Fig. 1. Comparison of the geminate recombi-
nation of carboxy HbA (COHbA), oxy HbA
(O,HbA), and oxy Hb (Ziirich) (O,HbZ) at pH
8.2 (~10°C). Concentration refers to the rela-
tive concentration of deoxy heme computer-
generated from the initial time-dependent
transmission curves. Geminate recombination
was studied with single 30-psec pulses at the
second harmonic (532 nm) of an active pas-
sive mode-locked Nd**: yttrium-aluminum-
garnet laser (Quantel YG 471C) operating at
10 Hz to photolyze a ligated hemoglobin sam-
ple in a cell with a 1-mm path length at ~10°C.
The Hb concentration was sufficiently low Y
(~2 to 3 x 107*M) that absorption at the
photolyzing wavelength was negligible, so

that uniform concentration of excited species through the cell path could be assumed. The
recombination was monitored by probing the transmission of attenuated blue pulses (436 nm) of
~25-psec duration generated by passing the second harmonic through a hydrogen cell (300
pounds per square inch). The blue pulse results from the first anti-Stokes Raman transition. The
time between pump and probe pulses was varied with a programmable optical delay line
(Klinger), providing delays of up to 2.4 nsec. Because of the high pulse-to-pulse stability (=5
percent), it was possible to generate the rebinding curve by slowly varying the delay line
distance. The reproducibility was sufficiently good to allow for signal averaging (repetitive
scans) when necessary. The transmission was monitored by a fast photodiode screened with
appropriate optical filters. The output of this photodiode and another that monitored the
incident pulse energies were averaged in a boxcar integrator and the ratio was taken to
compensate for pulse-to-pulse variations. The output of the boxcar averager was digitized and
stored in a computer. Computer-controlled shutters provided a base-line value for the
transmission of the sample in the absence of the photolysis pulse. The curves were converted to
absorbance and displayed as relative concentration of deoxyheme versus delay. The pulses
were characterized by slowly scanning the rise time of the transmission change which is known
to be subpicosecond (11, 12). The samples were prepared by the method of Huisman and Dozy
(29).

Concentration

1 1 L
960 1440 1920

Time (psec)

1
480 2400

Table 1. Comparison for several hemoglobins of the subnanosecond geminate yield (GY, the
relative geminate yield for O, at 1 nsec after photolysis with a 30-psec green pulse) with specific
structural features. The GY values are an indication of the relative magnitudes of the fast 200-
psec component of the geminate rebinding process. The values of vge—_pis [from (4-6)] refer to
the frequency (in reciprocal centimeters) of the iron-proximal histidine stretching mode in the
deoxy transients occurring within 10 nsec of photolysis. The spontaneous off rates (K) for HbA
and Hb (Acrochordus javanicus) are also shown. The off rates determinations and the
assignment of quaternary structure (QS) for Hb (Acrochordus) were made in the laboratory of
one of us (S.R.S.). The asterisk indicates that for the GY measurement but not the Raman
measurement the sample was not stripped of organic phosphates. Consequently, the 50 percent
value for GY is a lower limit. The GY value for myoglobin was obtained in another laboratory
with femtosecond pulses (I9). Hemoglobin abbreviations: A, adult human; Z, Zirich; K,
Kempsey; SF, swordfish; Lk, Lepidochelys kempi (Ridley turtle); Dc, Dermochelys coriaca
(leatherback turtle); Aj, Acrochordus javanicus (Javan wart snake or elephant trunk snake).

Protein GY (%) Ve His K (sec™?) QS
HbA, pH 8.2 70 230 10 R
HbK, pH 8.2 70 230 R
HbZ, pH 8.2 75 230 R
Hb (Aj), pH 8.2 50 230 <50 R
HbA, pH 6 + IHP 40 228 100 R
HbK, pH 6 + IHP 40 228 R
Hb (SF), pH 8.2 10 225 R
Hb (carp), pH 8.2 10 224 R
Hb (Lk), pH 8.2 10 223 R
Hb (Dc), pH 8.2 10 223 R
Hb (Aj), pH 6 + IHP S 220 750 T
Myoglobin S 222
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state of HbA, this pH-sensitive relax-
ation can occur within a fraction of a
microsecond after dissociation (7). Con-
sequently, macroscopic rate constants
that are measured over comparable or
longer time periods cannot necessarily
be assigned to a fixed average configura-
tion. Similarly, the affinity is a measure
of the binding properties of the R and T
structures and of the saturation-depen-
dent equilibrium constant for the two
structures. Thus, none of the standard
macroscopic parameters of reactivity
can be adequately correlated with the
microscopic structural details of a specif-
ic tertiary configuration of a given Hb
molecule.

After the rupture of the heme-ligand
bond, the ligand can either rebind from
within the protein (termed geminate re-
combination) or can escape into the sur-
rounding solvent. Geminate recombina-
tion occurs for hemoglobin and myoglo-
bin from within a few picoseconds to
~100 nsec after ligand dissociation (8-
14). On the subnanosecond time scale,
the protein structure surrounding the dis-
sociated ligand-heme complex should
closely resemble that of the parent ligat-
ed species, with only slight modifications
of the protein to accommodate the rapid
movement of iron out of the plane of the
heme. Recent picosecond Raman experi-
ments in our laboratory (15) revealed
that the peak frequencies in the Raman
spectra of both R- and T-state photo-
lyzed carboxy Hb (COHb) do not evolve
between 20 psec and 10 nsec after pho-
tolysis. Virtually all hemoglobins have
the same porphyrin chromophore to
which the ligand rebinds. Thus, for a
given ligand, differences in the subnano-
second geminate rebinding must there-
fore be attributable to differences at the
heme originating from the protein. Gemi-
nate recombination provides the oppor-
tunity of directly studying the influence
of protein structure upon the most ele-
mentary kinetic event associated with
ligand binding. In this study we exam-
ined how both quaternary and tertiary
structures influence geminate rebinding
on the subnanosecond time scale. Hemo-
globins studied included those from adult
humans (HbA), the Javan wart snake
(Acrochordus  javanicus), swordfish,
carp, Ridley sea turtle (Lepidochelys
kempi), leatherback turtle (Dermochelys
coriaca), and the mutant human hemo-
globins Hb (Zirich) (HbZ) and Hb
(Kempsey) (HbK).

The geminate recombination of CO in
HbA and of O, in HbA and HbZ at pH
8.2 is shown in Fig. 1. It is possible to
assign these single-frequency (435 nm)
decay curves to geminate recombination
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and not structural relaxation for several
reasons. The Raman spectra of the
photodissociated species, which should
be sensitive to structural relaxation,
shows no evolution of peak frequencies
from ~25 psec to 10 nsec after photolysis
(15). In addition, the transient Raman
spectra of photolyzed CO- and O,-satu-
rated HbA are identical over the time
course in Fig. 1, even though CO rebind-
ing is substantially less than O, rebinding
on this time scale for both HbA and HbZ
(16). The decay curves in Fig. 1 are also
very similar to those generated from the
full transient absorption spectrum (9).
Figure 1 shows the biphasic nature of O,
rebinding. The fast (~200 psec) compo-
nent evident in the O, rebinding kinetics
is absent for CO rebinding. Increasing
the temperature to ~35°C decreased the
proportion of the fast component relative
to the slower rebinding process. These
decay curves reveal that both O, and CO
exhibit a slower rebinding, which begins
on a subnanosecond time scale and per-
sists to the nanosecond regime. It ap-
pears likely that this latter process
evolves smoothly into the ~100-nsec
lifetime rebinding observed for both CO
and O, (8, 14). The fast O, rebinding is
highly nonexponential, whereas the
slower rebinding appears more nearly
exponential for both O, and CO. It is
plausible that these fast and slow compo-
nents correspond to Frauenfelder’s pro-
cesses 1 and M, respectively (17, 18).
We examined the slight difference be-
tween HbA and HbZ in the fast compo-
nent of the rebinding seen in Fig. 1 more
closely in an expanded scan covering
only the first few hundred picoseconds.
HbZ reproducibly shows slightly faster
decay at the earliest times. Figure 2
depicts the effect of lowering the pH and
adding inositol hexaphosphate (IHP) on
the geminate rebinding of O, for HbA
and Hb (Acrochordus). In both instances
the low pH conditions are associated
with a decrease in the magnitude of the
fast component of the rebinding with the
Acrochordus sample showing a more
pronounced effect. Solutions of HbK at
high and low pH yielded results compa-
rable to those of HbA. Hb samples from
the swordfish, carp, Ridley turtle, and
leatherback turtle gave geminate rebind-
ing curves at pH 8.2 with little evidence
of the fast components. The resulting
curves appeared relatively flat as com-
pared to those from HbA, HbZ, HbK,
and Hb (Acrochordus) (Table 1).
Recent femtosecond studies (19) dem-
onstrated that for O, the 100- to 200-psec
rebinding is the first rebinding process
occurring after dissociation. Our findings
leave little doubt that the induced
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changes in this process originate from
structural differences at or very near the
heme, as suggested from cryogenic stud-
ies (17, 20). All the comparisons shown
in Figs. 1 and 2 involve known differ-
ences in the tertiary structure. HbZ dif-
fers from HbA in that the distal histidine
of the B subunit is replaced by an argi-
nine. This substitution alters the distal
environment about the heme (21). Stud-
ies of the geminate rebinding of CO in
both the intact tetramer (16, 20, 21) and
the isolated B subunits (/8) reveal that,
relative to HbA and its B subunits, there
is both a faster geminate rebinding and a
lower inner barrier for rebinding. Raman
studies (16) show that functionally im-
portant regions of the proximal environ-
ment are roughly the same for HbA and
HbZ, as reflected in the frequency of the
iron-proximal histidine (Vge_gis) stretch-
ing mode.

In contrast to the case for HbA versus
HbZ, where a significant distal perturba-
tion only modestly affects the geminate
yield for O,, the substantial solution-
induced changes (Fig. 2) appear related
to the proximal environment. Recent pi-
cosecond Raman studies indicate that
the values for vg._ ;s (Table 1) apparent
at 10 nsec are already fully developed by
~25 psec after dissociation (15). Solution
conditions that decrease vg. pis also
cause a decrease in the subnanosecond
geminate yield that appear to scale with

pH 6.0 +IHP

' | L '

-
pH 6.0 + IHP

Concentration

! 1 ]
0 480 960 1440
Time (psec)

I
1920

2400

Fig. 2. Comparison of the geminate rebinding
of O, as a function of pH for (a) HbA and (b)
Hb (Acrochordus). All samples of Hb used in
this study except Hb (Acrochordus) were
initially stripped of the intrinsic phosphates.
Inositol hexaphosphate concentrations were
typically 3 mM in bis tris buffer. Tris buffer
was used for the samples at pH 8.2.

Avge_y;s (Table 1). For example, in going
from pH 8.2 to pH 6.0 + IHP, O, Hb
(Acrochordus) undergoes a change in
quaternary structure (22). Under these
conditions the value of vg._yis drops
from ~230 to ~220 cm™!, and the magni-
tude of the prominent fast component of
the geminate rebinding curve (Fig. 2)
seen at pH 8.2 essentially vanishes. Al-
though this change in solution condition
does not cause a change in the quaterna-
ry structure for O, HbA (23), there are
indications from the absorption spec-
trum (23) and the Raman spectrum (6, 7)
that the ligated R structure is destabi-
lized in the direction of the T structure.
For both O, and CO, this destabilization
is reflected in the transient species by a
decrease in vge_gis (230 to 228 cm™!) that
is smaller in magnitude but in the same
direction as that observed for a transition
from the R to the T state. Similarly, the
decrease in the magnitude of the last
geminate process is also correspondingly
reduced compared to Hb (Acrochordus).
A comparison at pH 8.2 of Hb’s from
different sources indicates that variation
in the proximal environment (as reflect-
ed in vge_g;s) is linked to species-specific
differences in the geminate yield. Those
Hb’s that have the lower values for
vre-His €Xhibit a reduced magnitude for
the 200-psec component (Table 1). Be-
cause species-specific differences in the
distal environment can also influence the
geminate yield, the correlation between
Vre-His and geminate yield is not expect-
ed to be totally rigorous for interspecies
comparisons.

In earlier studies (4-6) it was shown
that solution-induced changes in the
yield of photolysis averaged over a 10-
nsec pulse correlated with changes in
protein structure as reflected in vge_gjs.
A dependence on protein structure for
geminate rebinding was also inferred for
the quantum vyield of photolysis for
O,Hb averaged over 350-nsec pulses
(24). Our work indicates that the correla-
tion extends directly to the picosecond
geminate rebinding. In view of the time
scale for the geminate process and the
close association with vg_g;s, there can
be little doubt that the innermost poten-
tial barrier controlling ligand binding (17)
is affected to a substantial degree by
protein-induced changes in the iron-
proximal histidine linkage. It has been
argued that the variation in vg._y;, origi-
nates from variations in the tilt of the
histidine (in its own plane) with respect
to the heme plane (5-7). This claim, in
conjunction with the above correlations
between vg._gjs and the geminate yield,
strongly supports models for protein
control of ligand binding (6, 7, 25-27)
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based on a quaternary structure-depen-
dent tilt of the proximal histidine with
respect to the heme. Karplus and co-
workers (26) pointed out the potential
significance of this tilt on the basis of
theoretical analysis of the x-ray crystal-
lographic studies of Baldwin and
Chothea (28).

References and Notes

1. M. F. Perutz, Proc. R. Soc. London Ser. B 208,
135 (1980).

Expression of Two Variant Surface Glycoproteins on
Individual African Trypanosomes During Antigen Switching

Abstract. Individual Trypanosoma brucei rhodesiense organisms were observed in
the process of switching variant surface glycoproteins (VSG’s). During this switch,
trypanosomes simultaneously expressed both pre- and postswitch VSG’s uniformly
over their surface as detected with monoclonal antibodies. Analysis of this switching
event showed that trypanosomes expressing any one of three distinct preswitch
VSG’s could switch to expression of from one to three different postswitch VSG’s.
Up to 2.7 percent of the trypanosome population was in the process of switching at

2
3

11.]
12.
13.
14,

. E. W. Findsen et al., Science, in press.
16.

. D. A.

. R. G. Shulman, J. J. Hopfield, S. Ogawa, Q.

Rev. Biophys. 8, 325 (1975).

. A. DeYong et al., J. Biol. Chem. 251, 6692

(1976); L. D. Kwiatowski and R. W. Noble,
ibid. 257, 8891 (1982).

. J. M. Friedman, R. A. Stepnoski, R. W. Noble,

FEBS Lett. 146, 278 (1982); T. W. Scott et al.,
ibid. 158, 68 (1983).

. J. M. Friedman et al., Science 218, 1244 (1982);

J. M. Friedman, Time-Resolved Vibrational
Spectroscopy, G. Atkinson, Ed. (Academic
Press, New York, 1983), p. 307.

. J. M. Friedman et al., J. Biol. Chem. 258, 10564

(1983).

. T. W. Scott and J. M. Friedman, J. Am. Chem.

Soc. 106, 5677 (1984).

Duddell, R. J. Morris, J. T. Richards,
Chem. Commun. 1979, 75 (1979); B. Alpert et
al., Chem. Phys. Lett. 64, 11 (1979); J. M.
Friedman and K. B. Lyons, Nature (London)
284, 570 (1980); D. A. Duddell et al., Photo-
chem. Photobiol. 31, 479 (1980).

. P. A. Cornelius et al., Proc. Natl. Acad. Sci.

U.S.A. 78, 7526 (1981).

. D. A. Chernoff, R. M. Hochstrasser, A. W.

Steele, ibid. 77, 5606 (1980); D. A. Chernoff, R.
M. Hochstrasser, A. W. Steele, in Hemoglobin
and Oxygen Binding, C. Ho, Ed. (Elsevier-
North Holland, New York, 1982), pp. 245-350;
P. A. Cornelius and R. M. Hochstrasser,
Springer Ser. Chem. Phys. 23, 288 (1982).

. L. Martin et al., Biochem. Biophys. Res.
Commun. 107 (No. 3), 803 (1982).

J. L. Martin et al., Springer Ser. Chem. Phys.
23, 294 (1982).

J. H. Hofrichter, E. R. Henry, W. A. Eaton,
Proc. Natl. Acad. Sci. U.S.A. 80, 2235 (1983).
E. R. Henry et al., J. Mol. Biol. 166, 443 (1983).

T. W. Scott, J. M. Friedman, V. W. MacDon-

one time.

Kraus M. Esser

MAURICE J. SCHOENBECHLER
Department of Immunology, Walter
Reed Army Institute of Research,
Washington, D.C. 20307-5100

African trypanosomes undergo fre-
quent gene switching events that result
in major phenotypic changes observable
as antigenic variation (/—¢). This antigen-
ic variation is manifested by expression
of a series of immunologically distinct
variant surface glycoprotein (VSG) coats
on trypanosomes during the course of
infection in mammalian hosts. Each of
these VSG’s is produced through selec-
tive expression of one of several hundred
VSG genes within the genome of individ-
ual trypanosomes (5). The precise mech-
anism whereby one VSG gene is selected
for transcription in a trypanosome at a
given time is unknown, although geno-
mic DNA rearrangements are apparently
involved (6).

Studies of differential gene expression
in trypanosomes are hampered by a ma-
jor drawback of the system. It has not
been possible to observe actual switch-
ing events or to determine precise pre-
and postswitch trypanosome pheno-
types. We have, however, found a time
during trypanosome infection when the
switch from expression of one VSG gene
to another occurs naturally in most of the
parasites. This high switch frequency,
together with a relatively high parasite-
mia in experimental animals at the time
of the switch, has permitted us to exam-
ine specific events of antigenic variation.

Variant antigen type (VAT) switching
occurs at a high frequency during the
initial parasitemia in mice inoculated
with Trypanosoma brucei rhodesiense in
the metacycle stage (obtained from the
salivary glands of laboratory-reared tset-
se flies) (Fig. 1). Trypanosomes in the
early blood stage initially continue to
express all metacyclic-variant antigen

ald, J. Am. Chem. Soc., in press.
17. W. Doster et al., Biochemistry 21, 4831 (1982);
R. H. Austin et al., ibid. 14, 5355 (1975).

18. D. D. Dlott et al., Proc. Natl. Acad. Sci. U.S.A.

80, 623 (1983).

19. J. L. Martin, personal communication.

20. Mgl) Ondrias et al., Chem. Phys. Lett. 112, 351
(1984).

21. S. E. V. Phillips, D. Halle, M. F. Perutz, J. Mol.
Biol. 150, 137 (1981); K. H. Winterhalter et al.,
Eur. J. Biochem. 11, 435 (1969); P. W. Tucker et
al., Proc. Natl. Acad. Sci. U.S.A. 75, 1076
(1978); G. M. Giacometti et al., J. Biol. Chem.
255, 6160 (1980).

22. J. M. Friedman, S. R. Simon, T. W. Scott,
Copeia, in press.

23. M. F. Perutz et al., Biochemistry 15, 8 (1976).

24. R. J. Morris and Q. H. Gibson, J. Biol. Chem.
259, 367 (1984).

25. J. M. Friedman and T. W. Scott, in Hemoglo-
bins: Structure and Function, A. G. Schneck,
Ed. (Brussels Univ. Press, Brussels, 1983), pp.
269-284; J. M. Friedman, Science, in press.

26. B. R. Gelin and M. Karplus, Proc. Natl. Acad.
Sci. U.S.A. 74, 801 (1977).

27. B.R. Gelin, A. W.-M. Lee, M. Karplus, J. Mol.
Biol. 171, 489 (1983).

28. iI I;'I) Baldwin and C. Chothea, ibid. 129, 175

1979).

29. T. H. Huisman and A. M. Dozy, J. Chromotogr.
19, 160 (1965).

30. M.R.O. acknowledges the financial support of
the National Institutes of Health (grants I RO1
GM 33330-1 and DHHS2-S06 RR08139), the
donors of the Petroleum Research Fund as ad-
ministered by the American Chemical Society,
and the University Research Support Program
of Sandia National Laboratories. We thank R.
Noble and F. Bunn for samples of Hb (carp) and
Hb (Kempsey), respectively; P. Lutz and W.
Friar for assistance in drawing blood samples
from assorted reptiles; J. L. Martin for sharing
unpublished data with us.

15 November 1984; accepted 25 March 1985
190

Table 1. Percentage of MVAT-expressing trypanosomes that also expressed the indicated
BVAT’s in a BALB/cJ mouse inoculated with metacyclic trypanosomes from tsetse flies
infected with WRATat 1.10. Direct immunofluorescence reactions on live trypanosomes were
carried out as described in the legend of Fig. 2 for trypanosomes collected from one mouse on
days 4 through 7 of infection. Similar results were obtained in other mice inoculated with
metacyclic trypanosomes derived from WRATat 1.1 or 1.14 (as described in the legend of Fig.
1), although the highest percentage of double-labeled trypanosomes occurred in mice inoculated
with metacyclic trypanosomes derived from WRATat 1.10 or 1.14. No double-labeled trypano-
somes were observed before day 4 or after day 6 of infection in any of the mice.

BVAT specificity (percent)f

MVAT Percentage
number* of MVAT st WRATat WRATat WRATat
1.1 1.14 1.10
Day 4 of infection
4 10 0 0 0
6 49 0.15 0.23 0
7 30 0.4 0.7 1.2
Day 5 of infection
4 5 0 3.7 0
6 33 1.5 1.7 0
7 16 3.9 5.0 0
Day 6 of infection
4 1 0 0 0
6 1 0 0 0
7 4 1.5 10.5 3.8

*All VAT’s are mutually exclusive (7, 15, 16, 18), and each is defined by a monoclonal antibody: MVAT’s 4,
6, and 7 by antibodies 3.2C5.2, 3.2C2.2, and 3.103.1, respectively; and BVAT’s 1.1, 1.14, and 1.10 by
antibodies 12.4F3.1, 21-14-146D, and 59-10-92J, respectively. tValues indicate the percentage of trypano-
somes expressing each MVAT at the time of assay for dual expression. +Values are percentages of
trypanosomes reactive with monoclonal antibodies specific for the indicated MVAT’s that also reacted with a
monoclonal antibody specific for a BVAT. Percentages were calculated on the basis of single counts of 200 to
2000 trypanosomes. Values of zero indicate that the particular switch from MVAT to BVAT was not
observed in samples of at least 2000 trypanosomes.
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