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Table I
 

Effect of post blood-meal nutrition of P. papatasi on the
 

transmission of L. major (10-12 days after infection).
 

1 2 3 4 

2% 
10% 10% 10% Albumin 

Sucrose Trehalose Albumin 10% 
Sucrose 

ToLal number of
 
infected flies 55 20 35 66
 

,,tr.:)c of transmitting 
11 3 
 4 23 

% transmitting flies 20.0 15.0 11.4 34.8 
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Table 2
 

Correlation of transmission with feeding and presence of
 
parasites in the head.
 

NORMAL 
 NO 
 PARASITES
 
ENGORGEMENT ENCORGEMENT 
 IN HEAD 

Total number of fliec 
 176 
 14 95
 

Number of transmitting

fller 
 31 
 10 41
 

:ttransmitting flies 
 17.6 
 71.4 
 43.2
 



Table 3 

Comparison of bi zhemical 
(kDNA and enzyme) characters of strains and clones of Leishmania major from
 
different regions where cutaneous leishmaniasis is endemic
 

Region 


kDNA schizotype 


6 PGD Variant 

EF serotype 


Reservoir-host 


Vector 


Jordan Valley 


a 


a 

A 


Psammomys obesus 

subspecies I 


Phlebotomus papatasi 


Western Negev-


Eastern Sinai
 

8,Y
 

b 

AllA4 and 

new subtype
 

Psammomys obesus 

subspecies II 


Meriones crassus 


Phlebotomus papatasi 


Arava
 

c 

AB
x
 

Psammomys obesus
 
subspecie II
 

Meriones crassus
 

PhIphotomus papatasi
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TABLE 4 

Crithidia fasciculnti cells were grown as described under "aterials 

and Methods". 2x102 cells were harvested by centrifugation and washed twice 
using TS buffer (50 mM Tri4-11Cl pt 7.4, 10% (w/v) sucrose). The washed wet 

cell paste (80 g) was frozen in liquid nitrogen and stored at -70*C. All 
subsequent operations were carried out at 2-4°C. Thawed cells were kept on 
Ice and lysed u.sing, Lhe followi it. "eleitle lysis" procedure: Cells were 

diluted in five vILumes of sterile distilled water and kept in tihe Iypotonic 

soltiLot for 1 :min IL O°C. llri j-T53 (Si, ,ga) was added wiLh gentle mixing to 

final coliceot ration of 0.02"" and lihe suspension incubated for 1 min at O'C. 

The suspension wa; rlale up to ') miL FI)IA, 20 n',I sp-rimiclilie-Cl 3 , 5% (of 

:;atiration at ammonitulO°C) ;sulfate and 10 mTIMDT, Lysis was confirmed by 

11i,11L micro;cop ic observiLion. The cell lysate wan cell tri fu.ed in a Sorvall 

•"5-34 roLor at I 7 
:CrpTii for 2 11, to y i el Id Lhe cleared cell ysato iupernatant1 

(Fraction I, 425 ml/,50 ), of cel I a;te). 

Ammonium sulfate (0.079 g/:l) wa:s addud over a 30 min period to 

Fraction T; st irrinj was coiLirmlt for another 30 rin. The precipitate was 

coilectb(, by cent rifiuat ion in tul, S;orv;ll S ;-34 at 15 i(rpm, for 30 min. 

Armimoniumt! stil faLe w;; to(0.113 c/imT),'addel the supernatatt as above. The 

SC{'COItl alnilllOlliln i t1 fate preci pit_:Le (20-40,, of saturation at O°C ammonium 

sulfate) di;s'olve(l ill 50 ol InTri ,-IM 1 i 1 7.5, 2T;, glycerol, I IlI ETITA and 

5 mi, l lTr, was, lFraction It (50 mil). 

Fract ion .r was stored for ev-:ral mon ths aL -70)C without sigilificant 

loss of enzymatic activity. FIcr;,t. Tiol II was diluLed 22 fold with Buffer A 
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(50 mM Tris-IIC1 p1l7.5, 50'. !glycerol, 1 mINlEI)TA, 5 m11 DIT) to a conductivity 
equivalent to Buffer A plus 50 ni'i KCI, and applied to a 225 ml i)AE­
cellulose column cm)(6x0 equilibrated with Buffer A plus 50 mM KC1. The 

column was washed with 450 ml of Biffer A containing 50 mM KCl, followed hy 

450 ml of Buffer A containing 100111;- KCI, and eluted with 450 ml of Buffer A 
containing 300 rig.!KCI to yield Fraction III. This fraction (450 ml) was 
diluted with 3(00 tll of Buiffer 11 (50 ,ii Imilazole C1 p1l6.95, 50Z (v/v) 

glycerol and 5 nil 1)'"') to i c(nducLtivity of 1Buffer B plus 151 mM KCl and 

applied to a 60 ,il lydrxya'iato :e colulii cm)(3.5x6.5 equilibrated with 

Buffer B containiri,, 150 KC I. columnil The was washed with 120 il of the 

eqtuilibraltion bufer eluLedaind by )0() ii of a linear 0-100 mA"lpotassium 

phosphate (p1! 6."5) g,,rlidient in ihuffer B plus mM Active150 KCl. fractions 

wer.-. pooled to yield l'ra:ct jil IV (125 ril). 

Pract ion [V was d illt with .42) il of Buffer A containin,- only 10 in, 

'ris-IICl p1l 7.5 to a conduictivity ,quiv:ileiit to Buffer A plus 50 mnMkCI and 

was Fplfliid to :i ,i 1[Ai-\l -(,I liII I):;, coliiin ( 2.Oxl.6 ciI) eqliilibrated with 

Buffer Ii cLiiliin 5(J iLl "(Ai. lie iur,ictl ioni inbound to the columiin under 

these( con di Iionus (llow [hrollh ' r,i;I iini), coribi neil with the siblseqii it 10 nil 

wash if] eqiii iliitl ior1 luffer i., Fil;io- ioi V (555 i). 'This fraction was 

applied jlilnediiatel y withi OuLt liirlher di ltiion to a 2.0 nil phosphocelliilose 

colunil (1.6xi.U eici), :ibiiitl.,d .;ith 1 uffer A coitaining S) mH K(CL. The 

Co11i1iiu w;ir; W;rdld wi h 5 r'll 1 [ifh (ip ii lination biuffer anid eliuted with 

20 1il I linlalr 'i-It')n nA t- nit;'ll l l d in Iliifl er A. Active fractions were 

pooleil to y Ioli ir;iftLiin VI (').) iil ). 0.75 mul oh hrctiona VI was diluted 
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with 3.25 ml of Buffer A to give a conductivity equivalent to Buffer A plus 

50 W-1 KCl and applied to a 1.0 ml .inugle stranded D}NA-cellulose column 
(0.64x0.8 cm) equilibrated with Buffer A containing 50 m KC1, and 
,ubseqluently with 20 ml of Buffer A containinll 100 minl and 250 mM KC1. The 

acLive fracLion eluLed with 250 mii X:tCiS Fraction VII (2.0 ml). 

Pure enzyme preparat ions (i'r;ctLin VII) were stored at -20'C for at 

lenat 6 ,IIonLl.s without significait luss of activiLy. 
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TABLE 4 Purification of Crithidia abwciculata nickinp enzyme 

Fraction Activity Protein Specific Yield Purification
 
(4 


Activity
 
- 4(units x 10 01g) (units/rag) (%) 

I. Cleared lysate 24.0 21,600 11 (100.0) 1 
II. (Nil 4 )2S0 4 precipitate 16.0 5,000 32 66.7 3 
11. DAE-ceiliilose 18.0 580 310 75.0 28 
IV. Ilyd roxypatite 18.0 109 1,650 75.0 149 
V. ]EAl*,-c e lhuIose 11.0 34 3,230 45.8 291 
VI. i'hosplhocel 11io.;e 6.0 2.7 22,200 25.0 2,000 
V1I. S:-DNA-celN os11p ' 

3.7 1.1 34,600 15.4 3,030 

nw vlties I iven for Fraction VII are corrected for the fact that only 0.75 ,nl (16.7/) 

of Fraction VT was used; SS-1)NA is single strandvld DNA. 
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Figure 1 

Forced-feeding of 
P. papatasi. The constricted end of
 

a microcapillary (CP) is slipped over 
the mouth parts
 

folding back the labium (LM). Sucking is evidenced
 

by flexing of the clypeus and the fluid passes to the
 

midgut.
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Figure 2 

Map of the principal regions where Leishmania major is
 
endemic.
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Figure 3 

A 5% acrylamide gel of Hlae III digests. Track one contains tile
 

markers, tracks 2, 3 and 4 are digests of Qeziot clones
 

representing schzotype y, track 6 is of a Jordan Valley strain,
 

schizotype a and tracks 8, 9 and 10 are clones from the Arava
 

which are schzotype B. Tile graph is a standard plot of the 

markers to determine the number of base pairs per fragment.
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Figure 4 
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Figure 5
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Figure 6 
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Figure 7 
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Figure 9 
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Figure 11 
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Figure 12 
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Figure 13 
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LEGENDS TO FIGURES 

Figure 4. 

Purification of CLrthU-i i nickin, enzytne. 

A: Ilydroxylapaltite is the second chromfltographtc step. Crithidia nicking 
enzyme is O Nted in the runn4e of 60-30 mI of the linear potassium 

phosphate gradient. 75 fractions were collected and assayed for nicking 

activity as described under "Mlaterials and Methods". Fraction numbers 

52-64 were pooled and stored (-20'C) for further purification. An 

ATP-dependenL D:IA Lopoisomerase is oluted by a subsequent 100-400 

Itassium phosphate ;radciera. 

1: Phosphocellulo:se is the four thl chroMaLogralhiic step. Crithidia nicking 

enzyle is eluLed in the rmane of 250-400 in>! of the linear KCl gradient. 

80 frncttions were CiiiC ted aWd assvyed for nicking activity. Fraction 

numbers 20-10 were poolel imd ;toroC (-20'C) for further purification 

(see theleend Lo I'abll I anm text for details). 

k'l'i is poLtis:s il l ho: hlite 
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Fi, ere 5 

Heat slability of Crithidia nicking enzyo.e
 

Samples of Crithidia nicking 
 enzIre (10 units, Fraction VII) in buffer A 
(see legend to Table 1) containin,, 2.5: (v/v) glycerol were incubated for 
10 min at the indiCated Letpera Lures folowed by incUIation for 10 min at 

00 C. The treated eai.tyme samples wvere assayed for residual nicking activity 

as described under ""uteri and ethods". In the insert, samples of 

nicking enzyme units,(10 Frictiou VI 1) were incubated for 10Irin at 36.5'C 

ait v(r-cou i ycer u concentriL-ion!; (percentagIet, as v/v), followed by OC 

incubation ;rId nickir,, :issay i,. ib vi. Percentage of nicking activity is
 

calculaLed 
 me vmriiv th rite:; d ii ickin, reacLion relative to the rate 

oeasmril Wiih tinie;, teudthe enz,ye in the presence of 2.5, (v/v) glycerol. 

i!tuire 0 
Ni, cilar we i guh t de,.runi nat ion ,1_ Crithidb-n n icki ri enzyme by 

M(bilitie.. are c.lcul:,uei relative to the mobility of bromnophenol blue. 

>oleciil;r w iht. t;iL; I -d:;dyu:. r, in (205 K), ,-gaLIctosidilse (116 K), 
,hliAlphory li.- (') '*:) , bovine ;;er: i l buni n (BSA) (67 K), catalase 

(61.5 K), ov ilbul1iirj (41 K), l-llcrote ,hydrogenase (LI)I) K),(35 carbonic 

anhydrase (29 F), lrri tin ( !,aIIIb .it) (l10 K) and cytochrome-c (cyt-c) 
(12.3 K). 4 Lju' f Irrti, VII c '.c:c, were u.,nalyZed along with the above 
i;n.rkers in a 5-I ' ( Ilv) p l y:nr'l:inilde 'ixicdient gel n; described ndler 

"':;Iteria and NhIrhoilk". 
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FLi',re 7 

!1)S-plolvacrylamide ,el electrophoresis anal ysis of Crithidinnicking enzyme. 
Samples of 10 og proLein of Fraction VI (A), and 5 pjg protein of Fraction 
VII (B), were analyzed in a 5-15 (w/v) polyacrylamide gradient gel as 
described under laterialis and -,1eLhlods", ;ilong with molecular weight proLein 

markers as describhd in the legend to Flgigtre 3. 

Bio-gej',-'OOygel fit ration. 

A Bio-G,,I P-'0) column was prep'tred and calibrated using proLein markers as 
doicribed under " lterial ;m,1 ,ohlhI.I;". Assays and uniLs were as follows: 

(o) caLak,;e (units/hlx.4xlO)­ ) by docoip1 . ition of hydrogen peroxide followed 

by decrvnn, ii '\o4) (0) '11,1vill(ji,-5)lictt'li,, ro'enaso (ldfl1) (inints/:ilxtxlf) ) by 

decrease in AyV/( j lron oxidiltion ,l ,:; ()), hlu:olobin, (11B) A430 (x5) 

(A) cytochroii-c (CYI-C), at .,, (:lo). The V was deLermined using pll,322 

I1, (in li/;nI) followI(t) mwhl vF1i,njec Vcnat 250 rm in the presence of 

I Olg/il vnthiditmin lrimijje. Crithi~l Ii.j..'v ':icjlIji:j nicking enzymte fUCKINGmj:' (CFA), .6 O I t.
JiZ\t'.yII;. (A), 2 lra iliu VI ). l,;ilyed a;sdescribed inder "'ateri.'l ourd 

Nlothllods" was f i I t or'.d :;opari f.ly umhidr idillt. ica t -I idItio1S. 
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F!iurc 9~ 

SLoks radius determination of Crithidin nickinq, enzyme. 

The StoWl. radius was estimated fror a plot of the Stol* radii of protein 

markers (as described unler "Material anl M'ethods") versus (-logKav ) as 

shown (21). (Crithidin nicking enzyme (CF NICKING ENZYME) was as in 

Figure 5. 

Figupre ,10 

GIycerol eraIjin nendi~a tat: ion. 

CriLthidia nickin, enzy!ije (2.8x II) niLs, Fract ion VI) was sedimenLed oil a 

2(-451 (v/v) l ine:r ,lycerol ,ri ient a; described under "Materials and 

Hilds". Assiy. in u.niii :irt, :r; follows: (0) catalase (units/m1xl-3); 

(0) l-iacate dihyIro,,,nras (Ii)fl) (toits/mlxxlO -); (a), hemoglobin (11B) 
(A,430x10); and (0) rytoLchromtt-c (cyL-C) (A ,) xO). Trhes;e markers were 

assa.yed as descrihed in i,,Irr, 5. )NA polyttrerase f (POL 1, (a), units/mlx20) 

was istitye,, ;Icor:j-l ii to tihe Ietl hi fS Richardson t e (?V).al. Crithlidia 

nickinig enzyrie NICKINK!(C, P'I'rNY', A) was a;sayed as diescribedI under 

"H' erirL 1,1t I';rid HItI. , Od i;:1,I tit il coefficient (So w ) s 

e01 ientted usino; proLo ri arker!; (soe 'and Metlt.As' ) according to 

the itetlrrod of MIart.in and Ames (.!2). 

http:MIart.in
http:Metlt.As
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Figure1 

Covalent clusure of (,rithidin nickinj,, ejayme-treated duplex DNA circles by 

DNA ligose. 

2.5 Wigof supercolled p1,322 I1A Iv, LreaLed using 2.5 UniLs of Crithidia 

nicking enzyme (IFracLion VII, 15)I ng ) Ilhr standard assay condit !t,,(see 
"Materials and iWthods") 
(A). The reaction was stopped by (ldiLion of 20 ngl 
LD'rA i)118.0. DNIAw;ais exLl'icted pheinlt',l~htol and treaLed wiLh '4-)NA li nse 

(0.3 uniLs) for 30 min at 37C (1). l'roducL.t of the rencL ions 
were
 

electrophoresed in rarose ,el (ntI irtin,. eLhidiui bromide and anlyzed by
 

microdenitoMetry an ioswribed "idr "tniterial s and Metho(hs'. NC (nicked 
circ:les) arid CC (r: lsed circ le.) .,r" Lhe ticked artd covalenLly sealed forms 
of the doubl. t randd ci rc uLir W)A , res)'cLively. TIe direct ion of 

electroihort:;is is; illdi',ited by tiw polarity (- Lo +). 
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l gnrre 1_2 

Effect of nicking oil the catewit ion react: ion. 

kNA monomeric minicircles were prepared by decatonation of native kDNA 

networkm using Crithidi:i DUA oposi;omrase ,tWK oxtracted from the reaction 

mixture noin!, phenol and ethanol precilpitated. These kDNA minicircles were 

used as oubstra Le in a caLenlt ion reaction catalyzed by Crithidia DNA 

topoi somerase either with (or) or Aithout (e) prior LreatLment with Crithidi 

nicking enzyme. Mhen trLatLed wiLh ',rithidiei uickin, enzyme, kl)NA minicircles 

were revxtracLed from the n irk i, re.ct ion 'i xture u:sing pheno and 

chloroform, before the Lopoin i-io':irnuoi' :io;iy . aui 1pl)es wi thdrawn at the 

tndicated Lte intervasl wer, nmilhtudiLo al.,rose lei el ectrophoresis 

followed by microdon itoriet ry, ;is do'.crihel inder ."VbLer lm and .lethods' 

Crithi i,i topoi';o rwi (1.2 i it!;) ;ind nickiui, enzyme (2.5 uniL , Fraction 

VII) disay.- werer( :irrid oot oi 2.5 1'., aple.; of kIJ('A iitinicircles as 

described under '':tLeriali and ,tIlo;". Perrentige of ciLentLioii is 

cal culatod from ti' tontal l)!A :;oion'rs used as sub:LraLe,. 
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Figuro 13 

Effect of nicking by Crithidlia nicking enzyme on the decatenation of k)NA 

networks. 

5 ,Ilof native kDNA networks were icked using Crith.idia nicking enzyme (5 

unit s, FracLion VI). Jicked )NA neLworks were phenol extracted and used as a 

substrate in a decatLenaL ion react ion catalyzed by Crith1idi DNA 
Lopoisomerase (2.f uinits). (e), i UnLi\,eLit reated kDNA networks; (o), nicked 

Jc)JA neLworks. .Simpile, witLhdrawn from the Loisol erase reacLion at the Lime 

inLervals filic:lLeI were s,bmit.L.d L) agarose ,,eI electrophoresis followed 

by microdensi tometLry, as descr i bed undiier "A'l'er ia Is and MeLhods". PercenLage 

Of ic:jLnAvI LitaI is Ca1lcULi tLtl tr(lm L ite LOLal kDNA neLwork Sused as 

b.ti; Lrii Lc. 
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Filtrp 14 

Products of the Crithidia nicki iii enzyme u,;ing duplex DNA circles as n 

!411b1';t ra t 

I Ag pBR322 DNA (85"' ntive1y suporcoi led, 15% conLaining, naturally 

occor ing nicks and ,aps) wore t rettled usin,- Crithidia nicking enzyme (2 

UrlitS;, Fract. ion VI).I e:lct ioi l r" ;t p>d by ad it ion of 20 al+ EfOT, (pl 

1.O), and the WA prdiict !; w'rte oxt rac ted with phenol and ethanol 

precipitated. In A.d,alsample o " II.5jt of the IGA precipitate wan dissolved 

In rneutral stoippiny hilder ;ui; dcl ,onto a I' netral otarose gel. In It, a 

sample of ((.. It, the prc pit:0t, wi; di'; ;,lved in alkalline stopping 

buffer and loaded it<oa l1" ,II, ine a ne gel.o;..i 


;i,a' - nitr .itd bIilh' - 'rithili. nickinui, ,'f.yY rei ted '22.i lIt)R 

:lickif,, enzy:ne Ill.:;; e', ti e' not rcal ;md ilka Ii le ,, lelcctrophorvsi; 

prottcoll were ,e,dj :,criI tmidr "It ril; ,o i tlmd . 

"C (nicked cir( len), ijodCC (lv;, o ircIn), sir', the nicke'd nl cOVilettly 

nr-e I' :ro rtrc(oi (l t lit tjl,lr [)A,rx linpec ivety. ,. ineir), and C 

(ci rcle), rrv the Iiiwir :itl ci ruzliir hurii: of !;in.le strailed DNA. 
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Fipnre .15 

Effect of nickinu; of DNA networks at random sites on their- decatenation. 

5 jg of native kIJNA networks were nicked by limited DNase I digestion in the 

presence of saturating ethidium browide, as described by Barzilai (24), 
introducing approximately one nick in each DNA circle (25). 5 jig of kIDNA in 
a volume of 100 jil containing 10 ::ii Tris-IICI p'l 8.0, 2 M MgCl 2 , 1 m EDTA 

p1l 8.0, 100 Wg/ul bovine serum albuminoe and 0.12 mg/ail of ethidium bromide, 

and 2 jg/ml Dlase I (40 ng of I.Nase per Jig DNA). Incubation was at 30'C for 

15 min, followed by extensive phenol extractions of the I)NA prior to its 
further use. Nicked DNA networks were used as substrate in a decat.enation 

assay c byitalyzed Crithidi,. DTA LopeOi somrerav;e-?. (o), and insert B, native 

untreated networks; (o), and i nsert L1, nicked kUNA networks. Samples 

withdrawn frous the topoisomleriise re:ict ion at the time intervals indicated 

were subsMttLw elarose elocrlrophlores isto a ,el (inserts A and 11) followed by 

ficrodensitometry, ;is described under "aterials and Hethods". Percentage of 
dtecaLenat ion is from the lCta Ik:iA net-works used initialy as substrate. 

NET (networks), C ( l(cked circel;), and CC (closed circles) are the 

catenane network, nicked minicircle, and covalently sealed minicircle forms 

of k i netoplnst DIA, rep,;ectli vvly. 
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APPENDIX
 

TRAINING ASPECTS
 

Foreign trainees visiting the Kuving Centre have received instruction within
 
the context of studies undertaken during the period of the tenure of this grant.
 

Dr. Sylvia Le Blancq, previously of the London School of Hygiene and Tropical
 
Medicine,joined us in February 1984 for a two-year postdoctoral study period.
 
She will be with us until April 1986. She has done enzyme analysis, being
 
instrumental in increasing our enzyme typing capability and has extended the
 
range of enzymes systems being used. She has also participated in work on
 
sandflies and is currently learning technique for studying DNA.
 

Mr. John Githure from the Kenyan Medical Research Institute spent from
 
March 1984 to April 1985 with us learning enzyme typing and other techniques.
 

Mr. John Kaddu from the International Centre for Insect Physiology and
 
Ecology (I.C.I.P.E.), Nairobi, Kenya, spent three weeks with us in November
 
1985. His special interests were sandflies and leishmanial parasites.
 

In December 1985, Dr. N. Massamba of the Free University of Brussels joined
 
us for two weeks to learn enzyme typing techniques. He is due to join the
 
group working on leishmanial parasites and sandflies at I.C.I.P.E.
 

Ms. Robyn Juster of the University of California, School of Medicine at
 
Davis, spent the summer months of 1985 with us. Her work was an invaluable
 

contribution to the analysis of kONA variation.
 




