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BIOCHEMICAL CHARACTERIZATION OF TRYPANOSOMA SPPP.
BY ISOZYME ELECTROPHORERIS

RICHARD I RREUTZERY ann OQUTAVIO I S0USA
Grarges Memarigl Lolorgtory, Aportade 6e9, Porama 5, Repabiic of Panama

Abgtvact. Tapgvme patterns of 13 enzymes were compared far caltures of Trypanosomg
v, T vespertilionds, T cvizd and T vgugedi. The isozvme separation was made by
cellulose acetate electrophoresizs, Each of the species had distinctly migrating isezvme hands
for glutamate oxaloacetate transamimasze (GO seotrate dehydrogenase (TCIN, malie en-
gyme (ME), G-phosphogluconate debvdrogenase SPGTY, phosphogloscaisomerase (PG,
phosphoglucamutase (PGXD, and malic debrvdrogenaze (MDH) For other enzyvmes, twa ar
more species had ienlically migrating bands. In addicion to these interspecific species dif-
ferences, variabilily was observed among the strains of T orwzi and T owgngelt. Among the
T oevuzi straing, Lhere were bwa different isozvime (pozsibly allozvme) types of the enzvmes
alanine aminotransferase (ALATI, fructokingse (FR), glucose-t-phosphate debydrogenase
(GOPDH, GOT, MDH and three tvpes of ME, Tn the T, rengeli dsolates two sozvme types
tor the enzgvmes: ALAT, FE, GePDH, GOT, TCH, and LD, were observed. Among the
eight strains of T cruzd studicd there were six isoevime Gepes, and among the sevenr T rangell
psolates there were four tsoevme Lepes. There was an indication that iseryme types were

associated with peopraphical disteibuotion.

In the past few vears there have been increasiog
numbers of studies on isozvme electrophoresis of
protozean paraszitez.? Miles et al.* studied s1x en-
wvmes from Trvpancicima cresd stocks isolated
primarily from a rgral area of endemic Chagas’
dizease in Sho Felipe, Bahin, Brazil and repocted
two distinet combination: of sogyme patterns,
oo associaled with domestic stocks and 2 second
pattern associated with sylvatic stocks. In a sec-
ond paper by Miles et al? the authors descritad
a third type of 7. crezd with an izozvme pattern
distinet from the other two patterns reported in
the earbier paper, Baker et al ® oltained data from
buovant density tests and clectrophorelic patlerns
of &% enzvmes on certain species of Trvpanosoma
iaolated from batz in Europe and Latin America,
Using thoese data Lthe authars weree able to separace
the species into three distinct groups. In these
arudiez the authots report hath intra- and inter-
specific biochemical difference: among wypano
some salates, Cerain World Health Organization
(WHOH publications CTIEWER TG, 14 and ¥6.5)
emphasize the necessity for developing simple di-
agnostic testz which are switable for use under
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ficld conditions and which will strengthen the
biomedical capabilities in developing countries.
Miles et al?® emophasize the potential of eneyvine
clectrophoresis as o technigue for the intrinsic
dentification of trypanosame isolates,

In the swdies cited above pel electrophoresis
wils usedd for enevme separation. Cellulose acetate
clectrophoresis regquires o special Lraining,
be run under field conditions, eriginal zyvmograms
can be zent throwgh the mail,* and a svstem using
coellulese acelate has already been adapted o

LiEary

Leishmanin ¥ Therelore, an sosvme study was
undertaken on trypanosomes by the cellulose ace-
tate electropharesis procedure.

MATERIALS ANTD METHODS
Trvpanaioiie fEraing

Soven strains of T7ooruesi, seven siraing of T
viemgeli, one strain of T oaviim and eone strain of
Tovespertilionis were isolated st Gorgas Memo-
rial Labaratary (GML), Panama, Republic aof
Panama. One strain of T omusi was originally ob-
tained from Braxzil, The source of cach isolate is
listed in Table |. The strain of cruzi-like parasites
from a Panamanian bat {Aricbens Divrafus) was
wlentified as T wvespertilionis because of its lack
of infectivity to laboratory mice and pooc devel-
opment in Sbedriny peafives. However, follow-
ing recent findings of Baker et al..! the affinities

fal
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ISOEYME ELECTROPIGRESDS OF TREFPANOSOHA

ol these parasites to T ezl marinkelled should

b defined,

Crltivalion

Al stramns were srown on modificd Senekje's
diphasic blood medium at 25 279, Cultares were
translereed every 13=30 davs. Flagellates eam 10-
Lo 12-clav-old subculiores were used Lo inoculae
three stock tubes of Senckjic’s mediom with an
overlay of saline {0.85% NaCll. Parasites were
harvested on the &th day following inoculation.

Prepavalion of extracis fov elecirapharesiy

Parasites harvested from steck cultures of gach
strain were agitated and Olered through zauze
inta 35 ml centrifuge tubes. These were centri-
fupged Toc 15 man at 1,000 = g, The supernatant
was decanted and the parasites were resuspended
in saline, After three washing: the pellet of epi-
mastigotes waz suspended in twe parts of memn-
hrane bulfer (14 mi distlled water: 1oml 000 M
Trisdaleic Acid/EITAMeCL . pH adiusted 1o
7o with 40% NaOH) and quick-frozen in Ty Tee
and aleohal. Disruption of the parvasites was ac
complished through freeze-chawing procedures,
repeated three times, and conlirmed throuzh mi-
croscopy. The suspension was then quick-frocen
and stored in s Beveo freczer al — 70°C until used
far electrophoresiz. Aliquots of the samples were
taken from thiz suzpenzion and were applied to
1he cellulose acetate membranes as described be-
lewwe,

Enzyine actvity

The enevimes stuclied are Hsted in Table 2. The

similar to those reported By Miles e al, ) Kilgour
and Godfrev,” Eilgoar et gl Godirey and Kil-
gout,"™ and Al-Tagi and Evans. ! Isazvimes of
Lhese enzyvioes were abserved under altraviolet
lightt. Many of the other enevioe procedures were
sirmilar to those described by Shaw and Prasad'™
and Avala. " The PGM cellulose acetate proce
dure was described by Ereuwzer et al.® The elec-
Leophoresis procedures for the ereviees deseribed
b these anthors were madilied Tor iry panosomes
and cellulose seetate clectrophoresis,

Contral membranes were run for each engvme
avatemy, The membranes were run under identical

TapLe

Erzymes af Trypanozoima s b,

Ensvnue
. CorEmenissien H-lz_l.:luc
Eieyrar numl=r 1 atibreviatian
A ;:]ms*:h'l.t;t.-cu: 3.1.5.2 ACT
Alaning aming-transfecise P P ALAT
Fructokinase 2700 FE
Gilucnse-i-phas plare
delilroeenase 11140 GaPDH
Glutamate oxaloacetaie
LA T 2.1 L
Hexnkinase Tl HE
Taoeiiric dehvdrogenaey 1.1:1.43 1CD
Lactic dehvilrogenase 111,27 1.I}H
Malic eneyme 1.1.1.48  ME
G-phosphozluconic
dehvoropenase 1.1.1.44 e GLEL
Phosphoelucoizomeris: 5.3.1.% LT
Malic dehydramengses 1.1.1.3% AMDIT
Phosphoglucemutase 2.7.51 PN

conditions as the experimental ones, hul fhe spe-
cific enzvme sabstrate was omitted from the de
veloping companents. Bands were not obeerved
ob the control membeanes.

fllecivaphavasis

Analiquot of 5wl was taken trom the specimen
sample with a microdispenser and transferred o
awell of a Lip Lone Well Plale tall clectrophoresis
copuipment useel o this study was mesnulactured
bv Helena Laboratories, Beaumont, Texas) Eight
zamples were run on each cellulose acetate mem-
brane, howsever, under cerlain condilions more
thian one eneyioe can be assayed on g single plate,
Presoaked (20 min Titan TIT cellulose acetate
membranes were removed frem the membrane
buffer, blotted, and sligned on the Super £ Alian-
ing Base. About 0.5 ul of the aliguol was lrans-
Ferred Froom Lhie well plate to the membrane with
a Super £ Applicator. Most of the enzymes in this
study reguired a teiple application af sample. Ad-
ditional applications were made o ather mem-
branes from the original aliquot, and three ar Foere
crueveme svslerms woere studied from one 5 opl ali-
guat, Two assave of all 13 enzymes were made
from each trvpancsome laolate. The membranes
were placed in the Z2ip Zone chamber. Up to three
mernbranes for 24 sarmples) can be run inoa single
chamber, To prepare the cell, 100 ml of cell buffer
(Talle 3 were added to both buffer wells, and
Alter paper wicks were placed civer the cell/mem-
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TakLE &
Condidions for glechrophiovesls ard componenis for develnoping symograms®
i Fiar B
el ticne Beaction
Enarme Luafer Veilwze i [ Iheerbapang companent<t

ACTE 1 160 A 75 mg Mapthal z: phosphoric acid; 30 me Fast Garnet GEC

ALATE 2 154 15 I A0 me a-Betoplutarie aeid (Na sulty: 50 me L-alanine; 30
wnils Lactic dehydrogenase (heal heart in phosphate
bufier pll 7.5% 15 mg S-Nicotinzmode adenine
dinucleaticle, reduced form (2-NADH) (Na, sals

Fk z 150 13 O 100 mig 3-Dof—1-Fruetose: 15 mp MTT Tetrazolium (M1
13 mg @-Nicotinamide adening Dinncleotide Phosphate
(B-TTMNY (Na sall); 10 me Phenazing methosulphate
(EDSY 40 mz Adenosine Triphosphate (ATE) 24, Salt
from equine muscley 20 mpe MoUl,, 30 units
Phesphoelucose Tsomerase

GePDIis: 2 170 1= E 75 mg D-Glueose-&-phosphate: 13 mg MTT; 13 mg 8-TPN
(M osaltl; 10 mg PM=S

TE K 150 1= O LoD me L-Aspartic acid; 75 mi a-Retosluzaric acid rewdjust
pH e & Then add 1oomg Pyreidosal-3- phosphate: 3
mg Fast hlue BE

HK ] 130 L5 C 50 mi a-D-(+1-Glucese; 200 units Glacose-S-phosphale
dehvdrogenase [Bakers veastd; 20 mg MOl 15 mg
MTT. 15 mp B-TPN (Mo salty 10 mg PMS; 40 mg ATP
[MNa salt)

T 3 130 i3 ¥ s mg D-laneiteic acid (Na, saltdy L5 me 2-THEN (Na salt;
15 mg M1, 10 mg PMS; 50 mg MOl 1000 mg Mol

LD i 164 3 ¥ i3 ml D Lactic actd (Na zalty 13 mg @-1FN; 13 mg
MTT; 10 me PAMS

MIH 1 EHLE 15 I 13 me Oxaloacetic actd; 13 me G-NADH (Nay salu

M i 180 13 L 270 my DL-Malic acwed {readjust pil to 7,30, Then add 13
mg MTT: 15 mg 3-TPN (MNz salt); 10 mg ExS; 28 mg
MncCl,

PG 2 LA 15 C 13 myg o-Phosphoeglaconic actd (Nuag salll 120 mg MeCl,, 15
mg XL 15 mp 8-T'PN (Na saltl; 10 mg PM3; 60 mg
ELTA (Wa, sal)

PGl 3 L& 1% C 20 me Fructose-n-phosphate; 130 mg MpCla 13 mg M,
15 mp B-TPN (Na salts 10 me PMS: 25 units Glucose-6-
phosphote dehvdrogenase (Bakers veast); ol mg EDFTA
(Nay sall)

i 3 iy 1 i 200 me e-D-Glucese- L-phosphate: 120 mg MeCla 13 mg

MUT: 18 mg 3-TPN (Na salth 10 mg PMS; 25 units
Glucose-a-phiosphate debordrogensse (Bakers veasty; S0 mg
EIFUA {8a, salt; 1.2 mg a-[-glucose L& diphosphate

aciel (gl 0.34 5 NaH PO adjust 1o 1EI &0 walh A Nalkd
s H D, e resch pH ey,
S0 M ELTA [N ) ‘\ri :ril.l.l' I2

djuast S0 pE 7oA wdth 400 NaliH

L4

54 LB

4. 1 ‘-'i ] “"-'m.-l.'l 172 AL Citric 2od morohvdraze; adjost 1o pll T0 .l.-'lh Tri=
Meptbnne bufiees

ALAT. MDEl—urc il ool bglfer aid none ml denller
Al ather e nzymes—ane uxl el pler and Iearteen ol

aler
istklled waner

Kraciren e

Al |:.. r|.l_ UL Cinrie asied fnhpadrausd ot A parks 200 M Salioen Uibane
H ok LETE B LR M N IR,
0i '\1 “Tris, arljuit 0 jH B0 wich e HCL

L3, .l 1 M |r|\ -\.l.‘|_ll..:-| b B & Bowith 505 HO
E. Goie 3 Trs adiuss o pll 508 with ks FCE

= T mnke w0 ml of sizin, Al chemizals Sigma.

£ Theisst spateind peguive soaling durng eleranhoresis.
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Brane contact areas. The Titan Power S2upply was
sl for Lhe appropriate voltage and time, and if
couling was necessary during electropharesis
(most engvme svstems do not require cooling, joe
cubes were placed in the center wells, After glec-
traphoresis the membranes were removed from
the cell, trimmed with g scissors, and placed, en
zvme side down, on a previously prepared sub-
stratedstain. Zvmograms were incubatecd at 379
until the bands which indicate enevine aclivily
wire dark encurh 1o be abserved (10-15 minutes
for mast of the eneymes in this study), The mem
branes were then removed from the reaction mix-
ture, placed in 5% acetic acicl 10 stop the reaction,
washed in tap water, blotbed, and allowed tooair
drw. =

To prepare the staining dizshes, the specific com-
ponents {Table 31 were dissolved in 30 ml of re-
aclion buffer, combined with 30 m] of 2% Nable
Agar (30°CH, 10 ml portions were placed in
100 = 15 mm petri dishes, and stored at 370 until
needed.

O omivaly

The 17 strains ithree cellulose acetate plates)
were rtun at the same lime in separate cells at-
tached to one power pack; therefore Muctizations
due o current and length of electrophoresis tme
wiould expose all samples to 1dentical experimental
conditions. In addition an isolate of Leisfmosio
bvaziltenses (GML-desipnation, [L-100 was run
with cach of the groups of trypanosame isolates,
Mo oplate-to-plate variation was noted in the con
trol band migratien under these conditions. The
relative band migrations of the trypanosome iso-
lates and the control Ledshmania band were then
compared. A sccond rinowas made of these iso-
lates, Mew 1solates were prepared and these were
also run twice, These four runs produced identical
migrations on cellulose acetate. In Fizures 1-22
the bands of enevene activity are diagrammatically
representec and their relative migrations are noted,

RESULTE

The results of multiple runs of separately iso
lated extracts of four species of Trypanosoma are
shown disgrammatically in Figures 1-13. Intra-
speecific variability was noted in different isolates
of T cruzd oand T ovengeli fob certain eneymes,
Figures 14-22. These bands which denote infra-
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Fuoures 1-13, Dhagrammalic representation of the
electrophoresis patterns of L3 enzvmes obtained From
four species of Trypanosama. See Table & for the com-
plete names of 1he enzvimes. Mumbers at left represent
relative mobilicies of the isozymes; 100z 1 inch from the
origin (00 on the cellulase acetaie plate. Anode is at
the top of each diagram. 1, . gedewe, 1T, T pesperts-
Hongda, I, T, ez APanamay IV, T sasgeli (Panamal.

HJ
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Frauees 14-22,  Idagrammatic representation of
possthle alloevmes recovered from straons of T ceusi
anid ¥ orangeti. See Tahle 2 for the complete names of
L erzvmaes, Numbers at lefl represent relative mobil-
ittes of the sorvmes; 1.0 45 1 inch from the origin (0.0)
o Lhe cellulose peetate plate. Anode s al the top of each
disgram, LI, 77 crwzis 1V, T vaneedi, The most ancdally
|||i|[.'<"|,l,ir||: |_u|,_|'n5| rl:l;ul';_'rq'-:l I-r|_||'|| 111{' -‘f\l_ﬂti(‘:" alriqil'l.\. .."‘:;’I"
arbitrartly been designated as AL Therefore, Figure 13
shows the two morvmes (probably allozymes) which
wene ehtained from the Tocrzi strains: these have been
tlentifed s FROTOA and FE OB, Likewise, lwo
tspzyvroes fprubably wlloeemes) have been molated Trorm
Lhe T ovgrepels strains: they have been desigrated FEIVA
amd FE IV

specaic diflerences have arbitacily been designat-
e with A, B oand O (A i3 the mast anodally ma-
grating band). The isozyme tvpes have been
combined and tabulated in Table 1. More than
o number indicates which of the species bave
an identically migraliog isocvme Toc a specthe en-
evmie, A photograph of six evmograms isopre-
zented in Figure 23,

The ACTE isoevme patterns were different in
vach specios butl identical in each of the species’
strans, Toaviwm, T vesperttlionss, T, cruzi each

ERELUTEER AND 50058

GGPDH [

-

7
(S]]
(%1}
]
|
i

=]
= |
'wb
un
o
..
=
(S]]
-
| |
| I
|

-
e ; o
s o R B - -
- - = ] -
|
o i et o o £ — . | e i —
T23356[ 7234561 123456
Fraurz 23, Phawngraph of aymograms of ceriain €n-
evmes, See Talde 2 for the cormplete oames of the en-
pvrmes, 1, Ledsfwiewia drazilvesds (Panama), 2, Tew-
Mrkciowio evipm (Panamal; 5, T ooread (Panamal; &, T
el Pasaaal s, T i vltenis (Panameas & T
pgeti iPanama)l; 5, . vespertifionis (Panamay &, T.
censi (Mraxill.

haet a rapicd anocally mizrating wicle band which
haid 2 certain amount af “bleedine™; however, ¥
vespertilionis and T crazd had an additionsl
slower migrating light staining band, MNo addi-
tional light band was recovered from the T avinm
isnlate. The ¥ wesgedi solaves had a slower mi-
grabing wiche Lo Daned than the olther spectes, in
addition each izolate had o pair of slow migrating
dark staining hands (Fig. 1, Table 13

The ALAT band: which were observed with
UV were diflecent 1o the Tower species. Each isolate
had twe bands of ALAT activity one lizhl show-
ing reduced activity on the substrate and onc dark
shaowing greater activity., The dark bands in T
vespertifionis and T, crwzd had identical migration
(B 2, Table 10 Two different isoevme vpes
were observed i Toevwsr (111 A & By and T
rangeli (TW A & Biisolates, Tnothe T crweee isolates
all strains had an identically mizgrating dark stain-
ing bane, but in T rangefi all isolates had an
tlenticallv migrating lieght staioing band (Fig. 14,
Taksle 17,

All species and most strains had an identically
migrating band of FR activity (Fig. 3, Table 13
however, an additional and differently migrating
Band was recovered from the 37 oeesr (DDA & B)
and T, rpagels OV A & B) sirains (Fig. 13, Table
13
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Both T aviem and T crzy had an identically
migraling, dark staining hand of GaPDH activice,
but Toaviws had an additional mere cathodal
lightlv staining band (Figs. 4, 73, Tahle 1), The
sirains of T.oeresi (11 A & B) and T orangeli (IV
A B I8 each Bad two soevmes for GAPDH (Fig,
14, Tahle 13,

Allazolates produced al least Lo bands of GO
activity, one Jightly staining, the other dark stain-
ing (Figs. 5, 23, Table 1. Cerain strainz of T
erazi (110 A & B procduced three bands, two light
and one dark. Others produced oone dark and one
lizht band, and the dark band m thezs stains had
an wlenlical migration as the micddle 1izht band af
staing with three bands, Al T oewsd strains had
ane ddentical rapidly migrating lizht staioing
band. In the T rongeli OV A & T isolatcs the
dark amaining band had an identical migration,
but vee tvpes af light staining bands were re-
covered, ane more ancdal than the ether (Fig, 17,
Tahle 15,

ICD produced a single hand of activity which
was differently migrating in all species (Fig, 6,
Talde 10 ALl strains of T orezi hael an identical
TCTY Dok, Dot bwo different bands were re-
covered from T raupel IV A & B isolales (Fiz.
21, Table 11,

Toopvine, T vespertilionis, and all T, cvest
strains hud an identically migeating dark staining
band of LDT activily: however, 3 vesfperiilionds
and T crpzi strains had an adeitional differently
migrating light staining band, Two bands were
obzerved in the T, wangeld (IV A & B straans, bt
anv ong strain prodoced only a single band of ac-
Livily {Figs. 7, 21, Tahle 1

Fach species and species’ strain produeed a cif-
ferent band of ME activity, Three differently mi-
grating bands were recovered from the T st
(I AL B & O isolates (Fips. 8, 18, Table 1.

One band of aPGD activity was ohserved in
each isolate, Fach species had a differently mi-
grating band, but the strains of T crwzioand T
ringeli had no izozvme variability (Figs. 9, 23,
Talde 11.

The PGT sy s were dilferently migrating in
each species. Mo variation was observed among
the T rangeli strams, but two differently migral-
ing bands were found in the T cruzd (JIT A & I
strains (Figs, 10, 19, 23, Table 1.

The strains of T, aviem, T vespertiffonis and
F.ovangeld each produced two dark bands of PO
activity., These bands were all differently migrat-
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ing. The T orwsi strains produced ool one Dand
of activity, No intrastrain vacability was noted,
and all bands produced whether single or douhle
had different migrations (Fige. 11, 253, Table 13,

There was a wide band of HE activity pro-
duceed by Tl onwvfem and the T oraneell strains.
Although this wax the only Dand prodoced by T
auiges, the T orangeli strains produced another
light ztainineg hand close o the arigin (peint of
applicaticn), “Uhree bands were recoversd from
the 7 wesperiifionsy solate. A dark one at the
ancdal end of the wide band in the ¥ aediem and
the T rangeli strains and two light bands closer
to the origin. All strains of T ocrwzi pracduced s
pair ol dark barods amd a third more anodal lizht
band (Fig, 13, Table 17,

The MDIT activity was ehaerved by TV Al
isolates had an identical rapidly migrating light
staining anodal bancd as well as a zinele dark
stainine more calhodal baod, The dark bancds o
vach specics and thy strains of T orengeld hadl a
different migration. as did the two bands re-
covered from the T crwzi (IIT A & B strains (Figs,
13, 22, Table Ib.

[FISCUREINN

The data from the strains of T, ocrezi, tvpe II0,
anc T oramzeli, tvpe IV, reveal a high level af
intraspeciic sosvme (possibly allesvme) polymoee-
phism, This same high level of intraspecilic polv-
marphism has been reported b Mides of al 5% in
T, oerwzi. If high levels of intraspecific izozvme
polvmorphism are characteristic of trvpanosonme
species, specific identification of ialates by en-
wwvrme profile znalvsis might prove te boe mone dif-
fioult due to allozyme migration overlap among
species. As more engvme svaiems become avail
able for the swady of wrypanosomes the effect of
allozvrne overlap from species 1o species should be
minimized or climinated, On the ather hand the
strain polymoerphizm could provide some impor-
tant infermation on geographlical diztributions,
reservolr hoats, sleain differences, ete. Miles g1 al ¥
have wlentified three forms of 1 crezi infecting
man in Braxl, Tn this study miner differences,
twn allezvmes of ALAT (A & By (Fig. 14,
AP oA & B iFig, 16y, GOT A & B (Fie
173, G A & By iFie 1%, and MDH (A & B
(Fiz, 25, three allosvmes of ME (A, I, 1 (Fie
189 were nobed amang strains of T crwesi (110 fram
Also

humans 1aolated in Panama and Brasl
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strains of T vangeld (1Y) fram humans isolated in
Panama zhow miner differences, twa alloeyvimes
of ALAT (A & Bi(Fig, 149, FE (A & I e 13,
GolPDH (A & By (Fig 16, GOT (A & B (Fig.
17, TCD (A & 1) (Fig. 200 and LDH (A & B) (Fia.
1y CTable U Armnog bothy the ¥ crsess (11 and
F.ovaugels (I8 straing there i= a slight correlation
hetweery the location of strain location amd Lhe
enezvme profile. Three isolates of T cruzi (LI,
P-10G, P-100a, and P9,443, from Chorrera, had
identical enzvioe proliles, and the profiles of twe
adelitional tsolates from Chorrers, XREA-55 and
P-11,684, differeed by two o onge sozvmes, re-
spectively (Table 1) Because so few isolates were
examined, it s difficult to make any definitive
statements cancerning the tvpe and locale.

There 15 seme similarity in the basic pattern of
bands from the strains of T ez (IID) reported
here and the patterns obtained by Miles gt al *-=
That iz, steaine of ¥ creeze (111} tsolated from hu-
matns peaduced ooe PGM baod, one PGT band,
aree GEPDIT Land, and two MIE bands, In addi-
tion, there are alse certain similarities in the -
ber of ALAT and GOT bands prodoced by the
strains in these studies.

There i= a high level of enzvime heterozeneily
ampne the species iselates which were studied.
With mineor exceptions each species produced
bands of enzvine activity for each enzyvme which
had different electrophoretic mability. The sirains
af T.owviwm, Lvpe 1, and T wespericlionis, type
11, and most strains of T, cresd, tvpe 111, and T
vangell, tvpe IV, produced an identically migeat-
mg FE band; however, the P-9,426 strain of T
iz (1B for FR) produced a more cathodal FR
Bancl and the P-18, 151 strain of T waepeli (IVA
far FE) produced a more anodal FE band (Table
Fro Adso the TOTE harmd of 7 peeem (1 and band
produced by most steains of T oeawngels (IV) were
identically migrating; however, the TOTY band in
the P-12,131 1salate of T weagell (IV A for [CIN
wis more anodal than the band in the other T
wnpeld (TW I for TCTN strains (Tabkle 1), A similar
high level of interspecilic variation was reparted
among species of Trypanesema fromy bats * Al
though specific identification of the strains which
were studied could be made by the 1zazvimes pra-
duced by any one of the enzymes (except FE and
ICD}, muleiple enzymes ar an entire enevene pro-
Tle shioulel Be used fo assure such wlentifcations

As emphasized by the dats in Table | and in
ather studies, there are many biochemical varians
among strains of trypanosome species, and any

KEREUTEZER AN S00U5A

parameters of tryvpanosome biology which are o
be measured ot defined by electrophoresis should
necessarily be considercd anly preliminary until
more comprehensive stndies can be made of iso-
lates,

In certain of the avatermns there were, in addition
te the prominent major bands, other secondary
lighily stainiog eoes, These were evident in ACP,
ALAT, GePDH, 4OT, LDH, ME, HE and
MDH (Figs. 1, 2,4, 5, 7, 8, 12, 13). Theze hands
might be the “epigenetic’™ hands observed in
many differenl vpes of arganisms. A possibile ex-
planation of their origin in mosguitoes was pro-
posed b Bollint and Coluzei '™ These authors
propozed that the light staining hand might b
derived from the primary, maore intensely staining
band by secondary mecifications of the enegyme,
Toas also possible that certain of these bands are
allozymes in a dialletic svstem. In this study all
of the strains produced these bands.

These data indicate Lthat cnzvme clecirophoresiz
hias u great potential for rapid trypanozome isolate
identification, After the samples have heen pre-
pared an enzvme profile of eight izolates for (3
enzymes can be prodoced in less than 2 hours. 1
should be possilble for any laboratory capalile of
culluring Frypamoroma isolates to also character-
ize the isolates by cellulose acetate electrophoresis,
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