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CHARACTERIZATION OF LEISHMANIA 5PF. BY ISOZYME
ELECTROPHORESIS®

RICHARD b KEEUTZERT axt HOWARL A CHRISTENSEN
Govges Memovrigl Labovplory, Pagama, Bepebilie sf Panama

Absevact.

I this study, iscevene patterns for 14 different enzymes were compared for

culture stvains of Leishmando braziliensis, L. fevtigl, L. mexicana, L. domovand, L. ropica,
and [ gdlpri, The isozyme separation was made by means of cellulose acetate electrophaotesis,
Each of the species had distinet isozvme patferns foroaspartate aminetransferase, glucose
f-phozphate debvdrogenase, S-phosphoglucenate dehvdrozenase, amd fruclekinase, For other
enzvmes, two or more species bad idencically migrating bancs; however, by using cornbina-
tinns of Lhe obher 10 gnevmes it was pessihle to separate any one of the siv speciez. 1o acdiition
L these interspecific differences the Panama strains of L dveziliensis had owo different malic
debvdrozenase isteyme patlerns; therelon:, they Tell into twe distinet groups. These strains

otherwize had identical isozvme pallerns.

The Warld Health Organization (WHOD 5Sci-
entific Working Group on Leishmamazis, which
convened in Geneva in December 19770 TLHES
LEISH-SWGIWT 750, assizned a high priority to
developing weehinigues such as enevme electropho-
resis for the identification of Leishmania strains.
Cther WHO publications (TDEAVET6 14 and
TOUEY, poink out that it s necessary to develep sim-
suilabile For wse un-
der eld corclitions and which strengthen the
biomedical research capabilities in develaping
colntrigs,

Chance et al.? have cliscuszend the significant
contributions that clectoephoresis studics have
made in clarifving the taxanomy of Lelshmania
The papers by Ebert,* " Eilgour en al.,! Gardener
et al.,” Lumsden,® Al-Tagi and FEwvans” and
Chance et al.® reported biochemical variation al

prle diagnostic 1esls which are

Bt the inter- and intraspecidie levels, T these
prapters the authors reporfed moovme data on oz
tosal of 10 enzvme systems, They alse noted the
need for additional, maore comprebensive bio-
chemical stidies ol these intrinsic taxanomic char-
avters which could be used in conjuction with the
already available extrinsic anes.

In previous swachez starch gel and polvacryl-
amide electrophoresis were used for enevine sep-
aration. To perform cellulose acetate eleciropho-
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tesis oo special training is required, it can be cun
under field conditions and eriginal 2vmograms can
-l sent through the mail.® Therefore, a sty was
undertalien o adapt the cellulase acetate electro-
phoresiz procedure Lo Leichmania

MATERIALS AND METHOE
Leishmonigl stvains

Thirteen strains of Lefshmanto bragificnsiz and
one steain cach of L ferdige and L. mexdeana
were dzelated at Gorgas Memeorial Laloratory,
Panarmy, Rep. of Panama. £, denevani, £, fvo-
fica, and L. adleri steaine woere olfained from the
WHO Interrmational Reference Center for Leish-
maniasis, Jernsalem, Israel. The soucce of each
isolate is Dsted 10 Tahle |

Cultivation

All steaing were grown an modified Senekijie’s
diphasic medium for hemoflagellates a1 22-245C
and subcultured every B—10 dave " Fuach stock
culture was mainlained ina minimam of four See
nekiie slants with an pverlay of 1 ml af normal
saline (unbulTered 008539 (wivi WaCl in distilled
waterisonlaining 300 units of potassivm penicillin
and 1 mg of streptomycindml. Twa diffecent prep-
arations of each strain wete testod.

Proparation of extvacts for elesiroflioresis
To produce sufficient material for testing, pra-

mastirotes of each strain were inocolated onoo 20
ml of culture medinm in 300-ml screw-capped
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flasks and overlaved with 10 ml of salinesnti-
Biotic solution. After 810 davs, 30 ml of normal
saline ias abeve without antilistics: was added
and the Maszks were agitated Tor 1 omin (222240,
The supernatant was then Altered through g
pleddgets inta 80-ml contrifure tubes, Al lules
were centrifuged for 300 min ar 1000 = p (32—
29°C) The elear supernatant was decanted and
the process was repeated through two additional
wishings., Half a millilicer of membrane boeller
014 parts distilled HaOx 1 part 001 M Tris/Maleic
Acie/EDTAMeCL, , pH adjusted o ¥4 with 0%
NalH) was added o the pelletized promastizates
of each strain, and the material was quick-frozen
i Dy Lee and alcahol aned thawed rapidly in a
3770 waterharh, This process was repeated theee

verpenl, Enpland.
r fur Leishmanines, Jerosalon, zracl.

times and the material was examined mickasea)-
ivally te confirm the disruption of promastisate
membranes, Afer a Anal quick-Treczing, the ma-
terial was stored in g Reves froeeer a2 — 7000 wntil
being tested clectrophoretically,

Fnzvae acitiifics

The enevmes shudiced are listed in Table 2, The
alanine amino-transferase (ALATI, aspartale
amino-transferase (ASAD), and malic delivero-
gennse (MDH) eleciraphaoresis procedures aere
similar to these reported by Kilgour amd God-
fres, " Kilgour of &l " Gaodfrey and Kilgour, ™
Miles et al.. ™ and Al-Tagi and Evans,” Tsozvines
of these three cnevmes were observed gnder ul-
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Cowditions fov electraploresis and components for deecloping svmograms®
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& e tephieesis,

wins Lo eleniify the same enevme

eonbvdzzies, adjust o pH 7
:H

Ievglising companentst
5 omg Naphthal as phosphoric acul: 30 me Fast Garnel
B

A0 mp - Ketoglutanie acd (Na zalth, 50 mg Toalanine: 30
units Lactic dehyirogenase (Beel hearl in phosphate
buffer pH 7235 13 me 2-Nicoticamide Adening
Driercleutide, Beduced fnrm (NATH), M. salr.

300 mg Fructose- 1 &-diphozphate (Na, saln; 13 me MTT
tetrrelium T 10 g Fhenazine methosulphate
(EXMEL 300 units Glveeraldehyde- 3-phosphate
ditvdrogenaze (Rabbi mgscle (NH, L350, anlution, pH
TOAL 1R mp B-Nicotmamide Adenine Dinucleotide

HE L

1 my w-Naphthyl acid phosphate (Na salty 75 mg
Fast blue RE; 2 mpg MeCl; ¢ mg Ml

S0 mg a-Betoelutaric acid (Ma salel; 70 mp L-Asparlic
acked freacdioat pH to 740 Then add 1600 units Malic
dehyidrogenase (Porcine heart in phosphate buffer pH
A 15 mp 3 NADEH (Na, sald.

75 mg D-Gluesse-Sphusphale: 15 mg M7 13 mg
S-Nicotimamide Adenine Dingeleotide Phosphate
(TEXN, Ma, sall, 10 me TS,

100 mE L-Aspartic acid; 73 o a-Ketoglutavic acid
tresud just pIT to 200 Then add 10 mg Pvridoxal-3-
phosphate; 78 mo Fast blueg BR,

Ao oD+ -Clucase, 20 units Glucese-6-pheaphate
dehvrdrogenase (Bakers veast; 20 mg Mg, 13 mye
MTT: 15 mg - TPN (Na salth 10 mg PMS; 40 mg
ATFE i™a? salt from equine muscle).

I3 ml DL-Lactic acid (Na salty 13 mg @-00P8; 15 me
MTT. 10 me P

270 myg DL-Malic acil freadjust pH to 751 Then add
L5 mg MTT; 15 mg 8- TN (Na salts 10 mg PMS; 23
meg Mndl’l,

L5 mg &-Phosphogluconic acid (Nay salsy 120 mg Ml
13 mg MTT; L3 mg g-TPN (Mg saly; 10 mg PMS; 60
me FIXEA (Na, salo.

2 mg Fructose-t-phosphate; 120 mg MgOl: 15 mg
MTT, 15 mg B-TPN (Na aalth; 10 mg PMS: 25 units
Cilucose S-phozphste dehyvilroenase (Bakers veasti 80 1
mg EDTA (Na, salth.

al T |.'-E1 & 3 wilh 0% NadH
| \m..ltl’(:l Luorey ||"| v
arlist b pl 7oA with d0es Nalil:
wilh Tris

1 vanhydroos! arad 4 panas 001 M Seelium Citrate
M ML R,

B with Lilric Acid.
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traviolel (V) lght, Many of the other enevine
provedures were similar to those deseriliod by
Zhaw and Prasacl,'™ and by Avala ' The phos-
phoplucamutase (PGMY cellulose acetate proce-
dure was described by Kreufzer ot ol * The eloc-
tenphnnesis procedures for the enevioes deseriloed
tre these authors were modified for Leldhmania
and for cellulese acetate elecirapharesiz. The con
ditions fer electrophoresis and the companents of
ithe stains are recorded in Tahle 3

Cuontrol membranes were run for each enevime
avatemn, The membranes were vun under identical
conditions as the experimental anes, but the spe-
cific eneyvime substrale wias amitled from the devel-
aping componenis, Bands were oot observed on
the control membranes.

Flectraplioresis

Analiguot of 3 @l was laken Tram the specimen
sample with o microdispenser and transfeceed Lo
awellaf o Zip Zone Well Plate jall electrophoresis
eouipment is manufactured by Helena Laloralo-
ries, Beaumonl, Texasi, A maximuwm of eight
samples was run on each cellolose acetate mem-
brane; however, under certaim conditions more
than gne enzvme can be assaved anoa sinele plate.
180 miny Uitan D coellulose acctate
membranes were removed Tram the membrane

Fresosled

butier, blotted, and alizoned an the Super 2 Aligo-
ing Base, Alwut 0.5 ul of the aliquat was teans-
ferred fromn the well plate to the membrane with
a Super £ Applicater, Most al the enzvnies in this
stipedy requiced a triple zpplication of sample. Acd-
diticnal applicafions were made o ather men-
Brranes from the arigingl aliquot, and three ar Four
engvime svsberns woere studied from one 3-x] ali-

Develaping compeaentst

L3 myz oxaloacetic acid; 13 me @-NADEL (N, salt).

20 mg a-L-Glueoses Lophasphate; 1 mg a-D-Cluease-
Laliphosphate: 120 mg MaCUL: 13 mg MTT. 13 e
TP M sadt; L0 omge PRME 25 anils Glucose 6-
phasphate debvdrogenase (Bakers veast); 60 mg
ELFTA (N, salty,

10 vgr (B-Diei = 1-Fructose: 15 mg MU0, 15 myg 3 TEN
(o salt: 10 mg PAMS, 40 mg ATT 20 mg MeCle 50
unils Phosphoglucese lsomerase,

quot. Two assayvs of all 13 enzvmes were made
from each Leishmania isolate. The membranes
were placed in the Zip Zone chamboer, Upio three
membranes (00 24 samples) can be run in g single
chamber. To prepare the cell, 100 ml of cell buffer
wits addeed 10 bath bufTer wells, and filter paper
wivks were placed over the cell/membrane contact
aras, The Titan Pawer Supply was scr for the
appropriate soltage amd fime, and if coaling was
necessary during electrophoreszis (most enegyme
svatems oo oot reguire coaling), e cubes were
placed in the cenler wells prior o terping on the
power supply, After electrophoresis the mem-
Branes were remavecd feom Lhe vell, trimmed with
a scissors, amd placed, ecnzvme side down, anoa
previously proparcd substratesstain, Syvimnerams
wire incubated ar 37°C until the bamds which in-
dicate enzvme activity woere dark enoush to he
obzcrved (10015 min for mosl of the cneymes in
this studvi The membranes were then removed
from the reaction mistore, placed in 39 acetic
acid Lo slap the reaction, washed in lap waler,
Blotted, and allowesd Lo air de

To prepare the staining dishes. the specific com-
ponenis (Table 31 were dissclved in 30 ml of re-
acticn buifer, camBined with 30 ml of 2% Nohle
Agar (30°C1, 10-ml portiens were placed in 100 x
Pi-mn petrio dishes, and these were stored at 3°C
il needed,

RESULTS

The results of mualliple s af separatels jso-
lated extracis of six species of Leislmania arc
shown diagrammatically in Figures 1-15. In theze
ltzures the Roman numerals at the tap refer to the
species, There are two MDID isozyvme types
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FIGURE L&
F—f brazilienziz, —E. heetign; [II—L. mexieana;
Anode is @ the top of each gymogram.

among the L bvrziliensis strains, They have been
desipnated [A and IB. The izozvme vpes have
been combaned and tabulated in Table 1. More
than coe number indicates which of Lhe species
have an identically migrating iseeyme o a spe-
cific enzvme. A photegraph of eight zymupgrrams
iz presented in Figure 14

The: acied phosphataze (ACH isozyvme patierns
were identical in L. tragica, bur
different in the ather species. The bands were not
distiner and there was a certain amannl of “bleed-
ar runoing-teeether of hands; therefore, ACFP
limiled value in separating the species
studied (Figs, 1 and 16, Table All L. bzl
fenads strains had identical

doneoani ane £

ngE”

was of

Trancs,

[r—

IEGURES 1-15.

I]I‘.|'I Vv T

Il ———
Viv ivin il

Mhotograph of eymograms of certain enzymes, See Talle 7 for the complete numes of e cnzymes

IV—L. danevam; =

GOT

B . ®

"J'I VIV mi

PGM

PGl

I]'n.l"l VoIv it

YL frapice; VI—L. adierl. O = ongin.

The ALAT isnozvimes, which must he absetved
with UV, were icdentical in £
The L.
callv migrating band

hewtipi and £ don-

Driziliessin strains bad an identi-
These hands were distinet
anil caly one bancd waz abserved in each species
(Fig. z, Table

Three of the species,

auRni.

L. brazifiensis (all strains],
Lofertigr, and Lo frapica, had an identical single
Tand of aldolaze CALDD activity, Twao of the three
other species had a single differently migrating
band, and . adiei bad ane thin distinet band
and a secorc diffuse, moce anodal, Band of activ-
v, The bands procuced bee this cnewvme stained
very lirhtly (Fig, 3, Talde 11

All strains of L, dvaztlicnsis bad an identical

Diaprammatic representation of the clectrophoretic patterns of 13 enryvmes obtained from six

species of Leishmanin, See Table 2 for the complete nemes of the enzvmes. Numbers at left represent relative mobalities
of the isozymes. 1,00 one inch fram the origin (0000 on the cellulose acetate plate. Annde is at the tap of cach diagram.
IAand IB—L. Sreziliensrs: II—L. Revtige  II—2L . mrexicana; IN—L . dowsvani, V—L, tropree VI 1., edivri. Broken
limes represent lghtly staining bands.
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alkaline phosphatase (ALPY band, In the ather
species no activity was absetved in the cellulose
acetate procedure here described (Fig. 4,
L

ASAT was oo of the four enzvmes with dif-
ferently migrating isczvimes in all six species, bl
all strains of L. beazilicnsiz had an identival band,
These bands must be obaerved with UV, The
Bancs procuced by this eneveme can be psed to
separale the strains of the Leislimanig species
wsedl in this study (Fig, 5, Table 1.

Anather enzvme which had differently migral-
ing isoevmes in the strains of each species in this
sty was glucose f-phosphate debvdrogenase
1GEPTIITY, however, the L brazifiensis zteains all
produeed the same band migration. Certain of the
species had “epigenetic™” ar “sub-bands™"" (Figs.
Goand L6, Table 1% However. each specics b
one major GePIH band (a baned which fndicates
a high lewel of croovme aetivite),

Fach species produced s single band of ghia-
mate oxaloacetate fransaminase (GO aclivily,
GOT and ASAT are different svsbems for identi-
fving isnevioes of coxyme 2,4,1.1 {Table 21 Al

Table

chough most of Lhe relative migrations for the 150-
sviaes produced by the different species were 1he
same in both svstems, the D feeetdzi and Lo fropi-
e bands bad an identical migrarion in the GOT
svatern. [t appears Lhen that the ASAT hofter!
stain svslem is the preferved one for the sty ol
isorvmes of this engvme in Ledsfwania. Fach
strain of L. braziliensis produced an ddentical
GOT band (Figs. 7 and 16, Table 1

The bands produced by bexokinase (HED were
thick and showed “Ilewding ™ £, mexicana and L.
acfleri hael wosimilarly migrating band, bt the in-
tensiy of the staining waz alwavs greater in f.
adtert (Flgs, & and 14, Table 15 The hands in the
Lo brasifience: strains were 1dentical.

The Tactic debydrogenase (LDHY bands stained
lightlyv in each species. In L. fertizl, L. mexicomr,
and L, oadlerd there was an identically migrating
dark hand, but in L. osmericese there was also
another, more anadal, Pepizenclic” barmd, and in
L.ondleri there was a sevond, more cathodal, dark
ing handd (Fig. 0, Table . Al L. deazilicnsis
striinz produced an identically mizrating Tand.

=14

The malic engvene (MED paiiern was identicsl
in L. fegeilieasis, all strains, and £, mexcicana.
The vther species cach bad a differently migrating
banel (Fizs, 10 and 16, Table 13,

The third enzvme with differently migrating
bands in all six species, bot identical mizralion

EREUTEZER AND CHEISTENSEN

amvong all strains of Lo brazilicasis, was f-phos-
phoslucenic debvdrogenase (HPGDIT, This en-
avme can be used 1o separale the steains of the six
species (Figs, 11 and 14, Table 1.

The phosphioglucoizomerasze (PG ) band mizra-
tions of £ braziliensis, all steains, and L. feapica
woere identical, The other four species produeced
differently migrating hands (Figs. 12 and 16, Ta-
Ll B3

Each zpecies produced al least twe hands of
MIMA activily, ooe of which waz a rapidly mi-
erating, lightly staining, “epigenetic” hand which
roved Taore than theee linees Gster than any other
bhand, This band bad an ntical migration in
cach Leisfomania isolabe, There were two distinet-
Iy tmigraling major isozyvmes bands cecoverod
(i the L. facifiensis strains. One tepe, TAL had
a maore rapid anedal movement than the other, TR
iFig. 12 Mo single steain had Loth major iso

yvme bands; however, zvmograms produced
fearm mixed solates, LS 333 and LC 90, had, in
addition to light staining bards, tws major MDH
bands. Each major MDOH band in each T bea-
zitfensis strain haed o secondary light staining lead
barcd. The major bands in £, Seaziliensis. 1A, and
Loomdlert were identically migrating; however, the
major isozvme bands in the olher species were
chistinctly mograting (Fig. 13, Table 13, The M1
bands were abserved with UV

The PGM Bands had identical migrationz in L.
Brazifiensiy, all strains, and L. mexivana, also L
frewtigi anel Lo feopica procuced an identically
migrating band. As in MDH cach species pro-
duced a rapidly migrating anodal, “epigenetic”
band (Figa. 14 and 13, Tahle 1,

The fructokinase (FRY bands were cistinctly
erigrating in all 2% species. Both L. srexicann ancd
Loodenovani had two hands of ac ivily, one lighter
ataining than the other (g 15, Takle 11 The
telertically migrating FE bands from all steains of
Lo bwazilipnsis were considerably lizhier than the
bamds produced by the other species,

DILRCTTERI0N

The relative migrations of mojor MDH banids
separated by dise polvaceslamicde electrophoresis®
fpr L. mexicana strain 1746, Va1, I, denevani
strain Fa4, LV 1536, Braxil 8, and F. adlesi strain
Fsa, LV 34, 146 were the same as those reported
it this study. That is, the . denovan! band was
sl the Lo adierd danzvine miscales
slightlv more zlowly, and the L. mericesa hancd

arvendal,
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harl the slowest anadal migration. Each of fhese
species” straims had a second, more lightly stain-
g, MDH banc. In £ mexicanae this Band had
a faster anvedal migralion than the light hand in
Loadierr, andd the Lght band in L. dorovany bad
thie slowest migration. Al lizht bancs had a more
rapid anodal migration than any major MIDIT
band (Fig. 131 Al-Tagi and Fvans,” who gsed
thin-laver starg b-wel electrophoresiz, reported fout
MIMI, six PGI, and four GEPDH isorvimes in L.
frapica major (LY 390, but Chance et al, ™ nsing
dise pobeacrvlamide electoophoresis, recoversd @
zingle izoz
steain. T
ol conficming relative sosvme migrations pro
duced by all electrapharesis svatems All Lthe en-
oone svstems reported here have prodocd den-
tical migrations an cellulose acetale in two runs

ving for cach of these enioymes from this

cae pheervationsg point out the necessity

feom twir separate preparations of each speoies’
slrain.

[n many af the svstems there were, i addition
to the preminent major bancs, other secondary
lightly staining bands, These were especially ce-
iclent i GAUP1AH, LI, MDTL aned PGM (Figs,
f, 49, 14, 14, andd 18, These “epigenetic” banes!™
have been observed in omany different tvpes aof
srganisms, One poszible explanation as 1o their
arigin in masguitees was proposed Ty Bolling and
Coluzzl. " These authors proposerd that the light
staining bamd misht be derived frem the primary,
e inlensely staining band by secendary moc-
ificatioms of the enzvme, It s also possible tha
certain of these bands are allozvemes inoa dinllelic
strain.

ALl af the strains of the siv leishmanial species
nsed in this stuely can be ceparatecd by their ASAT
GEPTIF. 6PGDH, or FK isoovmes. Each species
had o distinctly migeating band of activity for
each af these eneymes (Fixs. 306, 11 and 130, In
addition, mast of the species” strains can he zep-
arateel by their distingt =oevme patterns for oal-
miest any ohe of the other ensyvmes. 9 clectrophe-
rezis 15 b be wsed as a Laxonomic toal for specics

iclentilication in Leisfomanio, multiple enzvimes
sheul! be used. Many of these hiochemical vari
anls were: nol, as emphasized in Table 1, species
exclusive; howewver, with up te 15 differenl en-
BeTE EVEIemME, mare cormprebensive characteriza-
tion af both intea- aed interspecifie lines shoald
Far facilitated by cellulose acetate electrophoresiz.
[t 35 clear, however, that the species” strains of
thiz stucy can be taxonamically separated by cer-
tain of their biochemical characlers.
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Althawgh the isoevme patterns in most of the £
Eripzifienais strains were identical, there were Lwa
distinct MDH fmoevme bvpes Inoane growp, 1A,
the band of activity had a fast anodal migration
while in the ather group, 1B, the band had a slaw-
eroancelal migration (Fig,

anama strains then [ell into twa biochemically
sepatable grougs depending on which MDIL al-
levme Lhey had, Intraspecific variation has been
reparted in most of the Ledsimanda isoevme stud-
s vitee in this paper, and Lhe intraspecific MDH
variahility reported here showed the existence of
mogvme polvioerphism in the Panama isclates of
Loobraziflensis. Neither geographic location nor
host-sonree of the twe ensvmativally distinct
heaziliensis, delinealed by MDH
iFig, 13, Table 1 appear to influence their jphe-
NotvpIe expression, since hoth groups were com-

14 ancd Tabile 1), These

groups of L

prisecd of isolales fraom man and natural resecvoirs
Erotn ddentical localities

Thie six Deisfonanta species, each one compared
with any ene of the ather Tve, exhilbited extensive
iseevme variability: however, the strains of the
Panama L. brozifiensis showed variability only in
MIOH isocvmes, Similar high levels of interspe-
eific Isoevme variability and comparatively low
levels of intraspecific variability were reparted in
Ffeichmania from the Acthiopian zoogeapraphical
region of Africa® and from Kowait.? as woell as
fronm stucdies on Dvasophile! and mosguitoes
Additional studivs an Lo dvwzilivasis strains from
other sites within the species range are conter-
plated. It is possible that more intraspecilic iso-
zvme variation will Be discovered, and that spe-
cilic smmvmes might tem ot o be asseciated with
a spevific host, meographical location, or ather pa
FArCLET
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