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ABSTRACT

A. Three enzymes, hexokinase, aldolase and phosphohexoisomerase,
were partially purified by a combinatior of (NH4)ZSO4 fractionation, and
DiEAE-Sephadex column chromatography. Thess enzymes have been
bi‘)iogically_anq physically characterized. Since these enzymes are critical
trvpanosormne .;n'zyxr‘xes, neutralizing rabbit antiserz prepared against them
ha se been tested for their ability tc passively protect mice No p.otection
was observed.

n aadition by eimilar technigues a protective antigen has been partially

purified from crude extracis of Trypanosoma gambiense.

B. One of the most significant advances maae by these studies has
beea the development of a working hypothesis to account for the death and
pathology of T. gambiense infe-ted auimals. in synopsis, this hypothesie
involvea the presence of a trypenosome toxin, delayed-type hypersens itivity

ard uuco-immmunity.
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FORWARN
In nomnicting the research described in this report, the lovestigators
aribzrec to the "Guide for Laboratory Animal Facilities and Care’” as
prornulgatec.by the Committee on the Guide for Lavboratory Animal

A 2t ources, National Academy of Sciences-National Research Council.
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INTRODUCTION

The work to be discussed in this report can be divided into two
major areas:

A. The isolation and characteriz=*ion of various enzymes. other
antigens, and cell fractions; and to determine if any of these materials
might be useda in the aevelopment of an effective vaccine.

B. To study the immunological response of the hoat to infection
by the African Trypanosomes, with particular emphasis on the role that
nonspecific inflammation, hypersensitivity, and auto-antibody, piay in
the pathology or clinical symptoms found in infected animals.

Although these two areas of work are not mutually exclusive, they
wiil be discussed separately for simplicity.

A. The hypothesis that a critical enzyme might be used as a vaccine
originated with A. C. Cnandler {2). Some success has been obtained
against migrating Ascaris suum larva by immunizing guinea pigs with

mallc dehydrogenase (presumeably a critical encyme) from Ascaris suum.

Hexokinase, s:dolase, and phosphoh~xcisomerase are critical trypanosome
ensymes. This suggested that antibody to trypanosume hexokinase, aldo-
lace, or phosphohexoisemerase 1aight be capable of inhibiting enzyme
aciivity snd therefore trypanosome development. This report describes
our effort to purify, characterize ana determine if neutralizing antiserum

to these enzymes would passively protect animals against a T. gambiense




infection. Im adadition, by techniques similar to those used in the purification
of the trypancsomal enzymes, other antigens have been partially purified,
i.¢., a protective antigen, a vascular permeability-increasing factor, etc.

The characteristics of these antigens will be describea.

DISCUSSION
Threc enz, from T. gambic... ., T. rhodesiense, 1. viure:, auu
T. equiperdum have been partially purified by a combination of (l\ll-l‘ﬁ)zl'}O4

fractionation, and diethylaminoethyl (DEAE) Sephadex colume chromatography.
A summary of the purification procedures, and extent of purification ars
shown in tables 1,2, and 3. These enzymes were characterized with respect
tc the pH optimum, temperature optimum. subatrate specificity, etc. The
partially purifiad enzvines were used to immunize rabbits ancd the serum
teated for its ability to neutralize or precipitate the enzymes. Table 4 shows
that antiserum to T. gambiense enzxymes cross-reacted with the same enzymes
from T. equiperdum. These results were confirmed by cross-absorption
studies. The extensive antigenic cross-resctions between the glycolytic
enzymes of T. gambiense, other species of African Trypanosomes, T.
equiperdum and T iew.si have lead to some very interes .ag taxonomic
speculations. For example, this work supports the coaclusions of Ormerod (4)
and others that T. gambiense and T. rbodesiense are nct separate species.

In acdition, these ani'sera have been tested for their ability to passively

protect animals against a T. gambiense infection (Table 5). Note that a




‘paje]

-Aqe1yg paespd "I(( Aq A31819a1Uf} 9Uw

Aiogydsoyd aso0dn13 jo sjouxri suo sTenbe @swn{oxXVY JO IUN onON

[nL 03 pejwaqne #i8dql ‘g ‘UYd W@OoIj Uy¥l Snmf

61 v ize oLz ¥87°0 uwnjo) xepeydeg- Ay I wWolj 3Ny 14
. e ¥l (Y

5¢ €8¢ She 6 no " OS (THN) pRieanieg %09 -S¥ €

7 01 0¥ o1 66 (pe3jedtuos) juejeulIddng 7

001 (R ¢ 08¢l (134! (apnad) auoN 1
A31A130V 30 A31a330V 213199dg ¢ 2UOXSH arejoad jo FYNaIDO0Ud ddLS

KixorodeY % jJo s31uf) fuw Te’0 ],

-33orIIxe dwosocuedA1] W02} I8EANOXIY 23e1081 0} pasn gaanpadoad wonedand 9ys jo Arewwurs ¥y 1 sjqel

1




MdS d1a9 '1-4 Jo W[ = eaviopr® jo 31un °uo,

Aqs1y prempy -1 4Aq A31s104a3u7) Jueiny o3 PINIwgns 818973 (7 ‘Y4 wI0I} uaney F] ot

I

'8 0°c¢l 021 81°0 ownred xepeqdig-J vyl wory eynyy 14
. . [ 4
€€ 0°8 1922 6 > "OST("HN) peiwanies gn9-gy €
9s S8 0 008 66 (po1ed1uss) Jueivusadng [4
001 0°1 o¥ ¥l o¥1 {(9pnas) auoN !
A31A139y jo AnApdy oyisedg aseiopIvy arajcad jo JHLaID0"Yd SICR A
A1ar020y 9 jo s3iup 3w 1930,
Z
993 jo Axewmruung y 7 Qe

. 939RdIXY awiosouvdAa] uwioly 3 eropie I3e(osi oF Poan 331npasoad uoizedisiand




TABLE 3.

A summary of the purification procedures used to isolate
phosphohexose isomerase from Trypanosome extracts.

Totai my

STEP _PROCELLRE of protein_

nm . o  —

wnit of Specific

=Z {(cTuae;
Supernatant (sonicateu}
45-60% paturated (NH4\'2SOq cut.

Elute from DEAE -Sephagex Column

PHI®  Activity
4200 3.0
2400 2.2
900 15. 2
300 200. 0

Data taken froan P

thesis cubmiittea to Tulsne Vaiversity by Dr. Edwara

One phosphohexose isomerase un.t

lug of F-o-P formea.




TABLE 4. The neutraiization of T. eguiperdum g’i‘ eq.} enzy'nes by antizera
to enzymes of T. gambienge {T.g. )+ =

Y m— et

3 s Neut:éaiizat;on
Ravolt anbibouy To 0 Autigen (Enzyme) Titer | 7
Mevok naese {T.g.} Vexohkinaoo 7. g 1704
wWexakwasze (T, 8.} Hexckinase i T. 2q.} 164
Alueolase {T. g} Aldulsse (T, 1) 1. 64
Alauizse £ g0} Aldclase (T.eq. } 1/64
FThoszpnchexoisomersse (1. g.) Puacepbohexoiscmerase {T g.3} /128
Fhoapiohexoizomerase {T. g} Phogphohexoiscmerase (T, eq.} 17128
Hewok.nase {T. eq. ) Hexokinase (T.g.) 1/64
TTenoitinase {T. eq. )} He:okinase {T. eq. ) 1704
Aluc cse {T.eq.) Aldolase {(T.g.} 1432
Alroizie {T.eq.} Ajdolase {(T. g0.) 1/32

Phosnohexcisomerase {T.eq.) Phosphohexcisome ase {(T.g.) 1/od

Phosphohexoisomerase (T.ey.)  Phosphot-xoisomerase (T.eq.) 1/64

s nsRrs e T T e AL N TR EIRY 17 1 TT oAt L ANeh N AL e L Lk A e

Dutz caken from Ph D. thesis submitteu to Tulane Univer-ity by Dr. Eawarc Risby.

>
"T  equipercum and T. gambiense were zntigenically different by the agglutination
and the protection test.

See Tables [, 2 and 3 for surnmaries of the purification proceuures for the various
zymes. KRabbits were immunized with the partially purified preparations ana
¢ enrymes rgag in the neutralization tests ware alsc partially purified,

o~
-

Diife rent erzym= preparations us=da 1o wae neutralization test always contained
equivalent amoeoants of enzyme activity; hexokinase, 5-6 units; aldolase,
30 5. % unity; and ohosphounexoisomerase, 7.5 - 8.5 units.




mixtare cf antisera to 2 enzymes protected animals in vivo against a

I. gambiense infection. However, this mixea antiserum should have

alsc protented animals against a T. equiperaum infection. The enzymes
{rum these two cpoecies appeareu antigenically icdentical. Therefore, the
orotection obssrvea would appear to be due to antibody formed against a
teptaminating antigen in the partiaily purified enzyme preparations.
Contamninating antigeus have becn uemonstrated in the best preparations by
ciher crileriz. In agditien, antiserum (ER-41) which had good ishibitory

astivity te phosphohexoseisomerase failed (0 neutralize trypancsomes

o

in vitra (Teble 6}, The injection of large amounte of glycerol, an energy
swurce rezqGily utilizea by the irypanosomes, failed to significantly alter

the zurvival times of mice. This alsc suggests that the protection observea
wak not due to antibody against hexckinase 2ud phosphohexcisomerase. It
has therefore been concludea that hexokivase, aldclase ana phosphohexo-
izumerase cannot be usea a3 a vaccine,

Animals can however be passively or actively protected againat o
challenge trypanosome infection by paseive trausfer of antibody to, or
immanization with the homolcgous strain of trypanosowes (Table 5, seram
S5-4E). The antigen{s) responsible for the protection has baen partially
purified (15-45xs8) from T. gambiense (Table 7). A summary of the
purification proceaure and the extent of purification is shown in Table 8.
Figure 1 is a representative example of numerous elution patterns using

DEAE-Sephadex Column Chromatography. The major protective activity

aspears to be in perks C and D. Note that at prese 't, these fractions
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TABLXE 7. The protection of mice against a challenge trypanosome infectien by
immunization with various fractions isolsted from crude extracis
of T. gambiense.

Average
Survival
mg protein Time | Units Perceat Number of

Sraetton ol (Days) ... Protection Survival  Animals

Srude 2.8 6.8 2.43 25 4

Superpnaiant 3.5 6.4 1. 83 20 5

‘Washed Sedi-

ment 2.3 6.8 2.96 25 4

NH VLS

M 14)2304

Xraction

)-25% 0. 45 5.6 12.5 20 5

A5 -459, 2.70 3.2 1.13 0 5

45- 658% 2.50 3.4 1.36 0 5

55-80% 1. 65 1.6 0.97 0 5

JEAE-Sephadex

Sraction (3 runs)

A 0.225 1.6 7.1 0 5

a 0.200 7.0 35.90 40 5

7 0. 215 8.0 37.2 40 5

D 0.042 4.6 109.0 20 5

3 0.372 0.7 1. 88 0 4

3 0.298 5.2 17. 4 20 5

S 0. 246 8.8 35.7 40 5

0 0.079 2.6 33.¢ 0 5

A 0.175 0.6 3.4 0 5

3 0.180 3.6 20.0 20 5

» 0.155 6.6 42.5 20 5

D 0.125 15.0 120.0 0 5

saline controi 0 0 0 0 20

Bared on a 20 day observation period following a challenge T. gambiense injection.
UJnit Protection = Average survival time/mg protein.
Based on a 20 day observation period.
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IABLE 8. A summary of the purification proceuures used to isolate the

protective anugen from T. gambiense.

3TEP__ PROCEDURE

Specific Activity

Tude
2 Supernatant
259, : 1 Ton
3. 0-25% Saturated (h}’.HlL)ZSO4 Fract. 1
4 DE/ T-Sephadex Column Elute (Sraction C).

DEAE-Sephsdes Column Elute (Fraction D).

- e -

1.0

0.75

5.1

15.0

45.0

" inits protection cruce extract = 1.0
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Figure ]l - Legend
1 - Eluted with 0. 0125m phosphate buffer, pH 6.5, plus 0.5% HgClz.

2 - Eluted with 0. 0125m phosphate buffer, pH 6.5, plus 0.5% MgClZ.

plus 0. 075m NaCi.

3 - Eluted with 0. 0125m phosphate buffer, pH 6.5, plus 0. 5% MgClz.

pius 0.2m NaCl.

4 - Eluted with 0. 0125m phosphate buffer, pH 6.5, plus 0. 5% MgCIZ‘

plus 0. 4m NaCl,

5 - Eluted with 0. 0125m phoephate buffer, pH 6.5, plus 0. 5% MgClZ,

plus 1. Om NaCl.
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contain a number of different precipitating antigens. Also a second
biclogical activity has been found in fraction D. A vascular-permeabili‘-
increasing-factor (V. P.1 F.) is eluted in this peak. The relationship of
the V.P.1. F. to the protective antigen(s) is unknown. It shoulc however
be noicd that this is the first report to convincingly demonst: ite a toxic
component in trypanosorae extracts. Identical elution patterns have also
Oeen obtaired using extracis of T. equiperdum. However, the protective
antigen{s) for T. equiperdum has not yet been located in the elution pattern.
In summary, it is apparent that a protective antigen can be partially
purifiec irom T. gambiense. The use of this antigen in the preparation of
a vaccine against trypanosomiasis is questionable because of the numerous
difierent serotypic strains (relapse strainsj of trypanosomes which are
known {5). Fach strain has its own specific protective antigen(s) (6). The
large number of these antigenic strains makes a multivalent vaccine unlikely.
However, it has beer suggested that protection might be obtained in nature
if during passage through the tsetse fly &8 common protective antigen(«)
{or a limited number) is obtained (7). Gray (3) has shown that a limited
number of serotypes are obtained after fly passage by the agglutination
reaction. Therefcre by developing techniques to purify the protective
antigen it may be possible to isolate a similar antigen from the fly formas.
B. Numerous theories have been proposed to account for death of animals
infecteuw with African trypancsomes. Mechanical mechanisms such as
blockage of small blooc vessels by agglutinated blood tryparosomes (1)

and also physiological disturbances of the host due to trypanosome
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metabo'ism (9). Howe.cer, none of the hypotheses are entirely satisfactory
(9). This report describes our efforts to account for death of trypanrosome

infectad animals and to develop a working hypothesis.

DISCUSSION

In the pr=vious section {A), it was stated that a V. P.I. F. could be
partially purified from trypanosome extracts by a combination of \'Nl‘l‘)ZSO4
iractionation and DEAFE-Sephadex column chromatography. The intradermal
injection of this factor into rabbits and guinea pigs causes a definite increase
13 vagscular permeability as measured by Evans' Blue Concentrations at the
site of injecticn (Table 9). Similar results have also been obtained with the
intradermal (ID) injection of live suspensions of T. gambiense. It has been
possible to show that the water content of the lesion is greatly increased.
Also, the amount of extract necessary to induce increased vascular permeability
is compatible with the number of trypanosomes found at the sites of the
lesions. It is of interest to note that extracts of T. lewisi but not normal
rat serum, or rat red blood c»lls contain high concentrations of this lactor.
T. lewisi, which is nonpethogentic to the rabbit, will produce 2 large
inflammatory reaction after 1D injection of live trypsnosomes ( Table 10).
The lesion however cisappears in 4-5 uays, and the skin appears normal.
In contrast, a T. gambiense lesion continues to enlarge and spread (Tuble 10).
The character of the T gambiense lesion does however change between the
4th and 5th day. Initially the lesion is highly inflammed, raised and hard.

After the 5th aay, the sweliing is reduced, and the lesions begins to dry

and show emall areas of scab ana crust. It is therefore concluded that
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‘ABLE '0. A comparieon of skin lesivus in rabbits injected intradermally with
either T. lewisi or T. gambiense.

Skin lesions (mm)

. ral Number' | _Injected with? 2days 4 days 7days 14 days
5-137 T. ga~hienne 15 x 16 30 x 36 34 x 37 31 x 40
#5-138 T. gambiensc 19 x 22 31 x 36 35 x40 33 x 4]
r5-162 T. lewidt 18 16 x 17 -4 -
T3 In3 T. lewisi 31 x 34 30 x 31 t5 -

o e e e ——

"Aj. rabbits were injected intradermally at 3 sites {except RS-162 injectea at only
2 sites) with 0.1 ml/site of a washed trypanosome suspension (5.0 x 167 cells/ml).

“Nite {Table 1) controls with rabbits injected intradermally with equivalent numbers
of normal rabbit spleen cells (RS-129,130, 136).

Average size of skin lesions.
‘Nc¢ obvious reaction or lesion.

Slight discoloration of skin at injection site.
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during the first 4 to 5 days after intradermal injasction of T. gambiense, &
trypanocscme toxin (V. P.1. F.} canses increaseud vascular permeability and
ederna. The increased vascular permeability is believed to be responsible

for the presence of extravascular trypanosomes at the sites of the skin lesions.
Increas 4 vascular-permeability and edema a. e believed to account for the
early pathology of skin lesions.

s {ter thie first phase, a second stage involviag delayed-type hypersen-~
sitivity is believed to play a major role in the pathology of skin lesions in
rabbita. Table 1l shows that artificial lesions can be produced by the trans-
fer of apleen celis frcm infected animals but not by spleen cells from normal
arimals ‘The passive transfer of precipitating an.ibody fails to elicite the
skin reactions {Tabie 12}. Although further work is necessary it suggests
that delayed-type hypersensitivity plays a role in the psthology of skin lesions.
The microscopic appearance of the skin les’ons, the ability to observe
trypanosomes at extrazvascular sites in the slun lesicus, a8 well as the
ability of anti-inflammatory diugs to greatly reduce the skin lesions are in
agreement with thi: hypothesis:

The early delaved-hyperaensitivity reactions lead to cell damzage; the
release of antigens not recognized aa self; and the synthesis of auto-antibuady.
Previcus work has demonstrated antibody in infacted animals to antigens
from ncrmal rabbit tissues (8). This is the final factor helieved tu be involved
in the death of trypanosome infected animals. However ut present, there is
no evidence tc support the hypothesis that auto-antibody is involved in the

patholog, of infectsu animals.
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TABLE 1li. The passive transfer of white blood ceils {rom chronic T. gambiense
infected rabbits to = rabbit infected for 48 hrs. with T. gambieusa.

Skin leeions (mmj

Arimpal Number  Treatment .. _4days _ 7days
RS-112 Infectes WBC (1.1 x 107 cella)l 20 333
Normal WBC ({9 x 106 celis} -2 t
RS-113 Infected WBC (1.1 x 107 cells) 13x16 12 x 14
Normal WBC {1.1 x 10? cells) - -
Rr&-116 Infected WBC (1.6 x 10? cells) 14 32 x 37
RS-117 Infected WBC (1.6 x 107 celis) 15 16
RE-12! Infected WBC (1.8 x 107 cells) ¢ x12 28 x 31
Normal WBC (15 x 107 cells) - -
RE-122 Infected WBC {1. 8 x 1{)7 celis) 13 22 x 26
Normal WBC {1.5 x 10? cells) . 4 -
RE-124 Infected WBC (4.1 x 106 celis} - -
Normal WBC (1.2 = 107 cells} - -
R3-125 Infected WBC /4.1 x 196 cells) - -~
Normal WBC (1.2 x l()“7 cells) - -
RS-129 Infected WBC (1.8 x 107 cella) 13 28 x 29
Normal WBC {2.7 x 107 cells) : 4 *
RS8-130 I. "ected WBC (1.8 x 107 cells} 1 18 x 20
Normal WBC (2.7 x 197 cells) B " b 4
RS-135 Infected WBC (52 x 107 cells) 8x9 24 x 28
Normal WBC (5.0 x 107 cells) 10 §x10
K3-13¢ Infected WBC (5.2 x 107 cells) - -

7
Hormal WBC (5.0 x 10 cells)

T I e T T T T —— R IPR NS

"Vihite blood cells obtained from 21 to 30 day infected rabbits showing definite skin
fesions. The various suspensions contained a maximum of 1. 5 x 103 blood trypano-
somes. In most infected WBC preparations, no viable trypanosomes were observed.
For example, in the WBOC preparation injected into RS-135 and RS-136, no trypano-
somes were obgerved in 2 minimum of 200 high power fields, and the survival times
of mice injected with this preparation demonstrated that 0.2 ml contained approxi-
matelr 58 blood trypanosomes.

2. No obvious reaction or lesion.

3. A small raised red area near injection site.
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Table 12. The passive transfar of normal 1 1bbit serumn, precipitating santibody, snd
washead biood trypanosomes to a rabbit infected for 48 hrs. with

T. gambiesnss,

Skin legions (mm}

i\uimal Number Treatment 4 qays 7 deye
RS-1i2 Normai Kabbit Serum (0. I3 ml) -3 -
Precipitating-Ab{RS-59F}(0. 15 ml) - -
RS5-113 Mormal Rabbit Serum - o
Precipitating-Ab{RS-59F}0.15 ml) - -
RL-116 Normal Rabbit Szrum (0. 2 ni) - -
Washed blood trypancgomes (4.0 x 102 cells) t4 -
RS-117 Neormal Rabbit Serum (0. 2 ml) - -
Washed blood trypanosome: {4.0 x 102 cells) - -
f8-121 Precipitating~-Ab{(RS-51C}(0. 2 ml) - -
Washed blooded trypancson.es (1.1 x 104 cells) 1lé 13 x18
RS-122 Precipitating-Ab(RS-51C){0. 2 ml) - -
Washed blocd trypanosomer (1.1 x 104 cells) - 14 x 17
RS-124 Precipitating-4b2(RS-i17C){(. 2 ml) - -
Wasked blood trypanosome: (1.0 x 105 celln)z - -
>S-128 Precipitating~-Ab{RS-117C)(0. 2 ml) - -
Washed bicod trypanosome: (1.0 x 105 cells)z - -
RS 129 Precipitating -Ab{RS-109T}(0. 2 ml) - -
t3-130 Precipitating-Ab(RS-109T)/0. 2 ml) - -
R3-135 Precipitating-Ab{RS-121C)(C. 2 ml) - -
RS 136 Precipitating-Ab(RS-~121C}(0. 2 ml) - -

e 4

!. Sira obtained from T. ga:nbiense infected rabbits. All antisera were examined for

precipitating antibody by agar difiusion techniques. Serum (RS-59F) from a 177 day
infe.ted .abbit, showed 2 minimu:n of 2-precipitin bands; RS-51C from a 90 day infected
rabbi. showed a minimum of 3 precipitin bands; RS-117C from a 28 day infected rabbit
showec 2 minimum of & precipitin bands; RS-109T from a 2] day infected rabbit showed
2 minin.im of 2 precipitin bands; 1S5-121C from a 30 day infected rabbit showed a
minimam cf 5 precipitin bands.

%]

No. of blasd trypanosomes deterninea by survival times of infected mice.

ta

No obvicus -eaction or lesion.

4. A small raiscd red area near the injection site.
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TABLE 13. A poseible sequence of events in the pathology (skin lesions) and death
of rabbits infected with T. gambiense.

e e eew O v M T LS MR AN T P & T T e —C S SR . n m
Cescription Increased Vascular Delayed-type Auto-Antibody
Poermeability (a trypancsome Hypersensitivity

toxin)
Iime Sequence 0 4 18 Death
(Daya) P eeeamceene et  R— 18____Death

:nhibited by
Cortisone
Treatment + + -

e em e aE sl % L e T Y e e RN, 1 SR 3 A
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In summary, it is suggested that a combination of 3 factors or events
acr.ounts for the pathology and eventual death of trypanosome infected animajs:
1 a trypanosome toxin causing increased vas~ular permeability; 2. delayed-
type nypersensitivity; and 3. auto-antibody (Taule 13).
This wo‘rh:l{u lead to the publication of 9 papers, and ] additional paper

submitted for publication during the last year, and ] in preparation

PUBLICAT:ONS
1966 Passive Immunity to Experiimental Trypanosomiasis. (with
A A. Gam). J. Parasit. 52; 1134-1140,
1967 Characterization and localization of Acid Phosphatase Activity
of Trypsnosoma gambiense. (with J. Byram Il and A. A. Gem)

J. Protorool. 14: 117-125.

1967 Studivy of the sus(eptiniiily and host parasite relationshape of
infections by Trypanoson: gar- .bierye in the American o possn
Diar'phis marsupialis, (with A A amd | Parasit &5 68] S0
lie? The pr'elenue of antiboay to o normal jabbit liver -atigenan rali: '
.

infected with Trypsncsora ganitbienas tvath A A am)

Parasit. 53 946 el

iy68 Stuaies on frog Trypanosciasa A 24 -honr oy e o the
parasitemia level of Trypanoras o rotatorianman hena o notans
from Louwisiana .with <& Southvorth ana “faron  J Parast
54 5%-2%R

BEST AVAILABLE COPY
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14568 Studies on frog Ir/pannsoniiasis. I} Seasonal variations in the
parasitemia levels of I'rypanosoma ratator:um in Rana (lamitans
from Louisiana :with R Bollinger ana & A. ~am , Tuiane Stuaiea
in-Zoology {!n prees

ey
1968 Puriﬁ:i‘tion and Properties of purified hexokinase from the

African trypanosomes an. Trypanosoma equiperaum (with E. Ruaby,

J. Protozool. ‘In preps

Subm .itea for Publication.

The presence of agglutinating antibody in the IgM immunoglobulia fraction
¢ 1ahbit antiserum during experimental African trypanosomias:s {(with
R Cornille E. Risby, and A.A. am:. Parasit. (In press).

Purif:-ation ana properties of purified phosphohesore inomerane from the
African trypanosomes and T equiperdum. (with E Risby) Submitted
te Expervnental Parasitology.

The effect of hydrocortisone on the development of skin lesions. agglutinating
antibody titars, and parasitemis levels in rabbits infe. tea with

1rypanaosoma gambiense (with H Marcus and E Risby'

Experimental Farasitology (In press).

The presence of a viscular-permeability-increasing factor in extracts of

Trypasosoma gsmbiense, and its possible role in the pathology of skin

lesions in T. gambiense infected rabbits. (In preparation)




Personnel Receiving Contract Support.
Jote that only consumable supplies were purchased for their research
problems. Funds were not uiilized for their personal support nor for

tae purchase of equipment necessary to their research problems.
DATE
NAME THESIS TITLE DEGREE OBTAINED
Edward Risby A comparative gtudy of the
characteristice and serological
properties of some trypano-
somal enzymes Ph. D.

Yolanda Marciarq Biochemical and ultrastruc-
tural changes in guinea pigs
«nfected with Trypanosoma
gambiense. M.S. June, 1967

Ph. D. Expected
June, 1970




24

LITERAT.RE CITED
Andrews, J., Joknson, C.M., and Dormal, V. J., 1930 Lethal factors
in experimenta! infections of T. equiperdum in rats Amer. J.
Hyg. 12: 381-400
Chardler, A.C., 1953. Immunity in parasitic diseases. J. Egyptian

Medical Asgoc. 36, 811-834.

C-ray A R = 1965. Antigenic variation in a strain of Trypanosoma brucsai
transmitted by Glossina morsitans and . palpalis. J. Gen.
Microbiol. 41:195-214.

Ormerod, W. ., 1967. Taxonomy of the sleeping sickness trypanosomes.

J. Parasit. 53: 824-830.

Osaki, H., 1959. Stuaies on the immunological variation in Trypanosoma

gambiense. (Serotypes and the mode of relapse). Biken's Journal
2 113-127.

Seed, J.R., 1963. The characterization of antigens isolated from
Trypanosoma rhodesiense. J. Protozool. 10 380-389.

Seed, J.R. and Gam, A. A, 1966. Passive Immunity to Experimental
Trypancsomiasis, J Parasit. 52- 1134-1140.

Seed. J.R. and Gam, A A., 1967. The presence of antibody to a normal
rabbit iiver antizen in rabbits infected with Trypanosonia
gambiense. J. Parasit. 53 945-.950.

Van Brand, T . }]96b. BRiocchenistry of Parasites Academic ", c¢ue,

New York.




