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Laser Separation cad Geometrical Isomers of 
Weakly Bound Molecular Complexes 

Charles Desfran~ois, Hassan Abdoul-Carime, C. P. Schulz, 
Jean Pierre Schermann* 

Molecular assemblies held together by weak intermolecular bonds exhibit a rich variety 
of geometries. Even a simple complex formed by only two molecules can adopt several 
conformations corresponding to different geometrical isomers, Isomers of small polar 
dimers can be isolated nondestructively by taking advantage of a selective and reversible 
ionization process, with the use of a mass spectrometry method that allows the deter- 
mination and control of the geometrical configuration of neutral or negatively charged 
molecular complexes in supersonic beams. Here, the method is applied to isolated nucleic 
acid base pairs that can be selected in stacked or H-bonded configurations. 

T h e  understanding of van der \YJaals or - 
hydrogen interactions under nearly ideal 
cond~t ions  in  the  gas phase 1s one of the 
lllalli p~rposes  of n lolec~~lar  cluster experi- 
lnental and theoretical studies. Such clus- 
ters are usually proclucecl in supersonic 
beam ex~~ans ions  that yield l ~ r o a ~ l  Inass dis- 
tributions. Ionization techniclues used in  
standard nlass s rec t romet r~  to allon. mass 
selection may skrongly m&lify the initla1 
neutral cluster structures. Nondestructive 
mass selection of neutral clusters reclulres 
sophisticated nlethods ( 1 ,  2 ) ;  it has l x e n  
s l~o\yn that for a given ch~ster  mass, several 
isomer configurations can stdl coexist in a 
beam ( 1 ,  3 .  4).  T h e  aim of our work l ~ e r e  is 
to shorn holy such isonlers can he spatially 
separated; to achieve this, n.e had to find 
parameters that are stro~lgly sensitive to the 
~llolecular geometry, allowng ioni:ation 
processes that do  not modify or destroy the 
selected molecular structure. 

In closed-sl~ell polar systems, electrons 
can be reversibly attached outside the mo- 
lecular fi-ame, thus provld~ng such a nonde- 
structive ionization process. .At large d ~ s -  
tances ,- from polar molecules or  ch~sters,  
excess electrons are attracted by the cl~arge- 
Llik;ole -p./r2 potential (51, m.hereas they 
suffer repulsion a t  very short distances. 
Electrons can thus 1.e trapped In a potential 
well if the  attractil-e illpole molllent p. 1s 
larger t l ~ a n  2.5 D (6 ) ,  leading to dipole- 
l ~ o u n d  anions that essentially retain the 
geonletrical configuration of their neutral 
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parents. For example, althougl~ single water 
(p. = 1.554 D )  or single am~nonia  mole- 
cules ( y  = 1.471 D)  are not a l~ le  to l ~ m d  
excess electrons, a water-ammonia comulex 
can (7). T h e  excess electron orbitals are 
extremely dlff~lse, and the  corre~pon~l lng 
electron blnding energies are very weak (9.1 
to 1L19 me\'). Easili- accessible external 
electric fields iL1.1 to 3L1 k\' cm-')  are 
sufficient to detach the excess electrons (8) 
and therefore allow for a reversible ionizing 
process. These fragile anio~ls  cannot 1.e pro- 
duced by simple attachment of lol\~-energy 
free electrons to co l~ l  neutral clusters he- 
cause the presence of a third body is neces- 
sary to avoid the reverse process (electron 
autodetachment). Ho~vever,  dipole-l>ounil 
anions can he preferentially prepared in 
coll~sions het~veen p l a r  systenls ancl highly 

excited Rj-ill~erg atollls in \v111c11 external 
electrons are already in 1-ery ;liff~lse orl~itals; 
the  role of the stal7ili:ing third body is then 
played l ~ y  the Rj-dberg atom ionic core. T h e  
signature of the presence of a dipole-bound 
anion is the  appearance of a more or less 
sharp in the  anion creation rate as a 
f~lnct ion of the Rydherg atom orbital sire- 
that is, the principal quantum mlml~er  n of 
the  Rydl~erg state (9 ) .  In contrast, a smoot l~  
dependence of the anion rate on n corre- 
sponds to the creatlon of a conventional 
anion \\here the excess electron enters a 
molecular orbital (1 3 ) .  

Polar clusters \\,ere prepared in a super- 
sonic beam expansion; subsequently, the 
cluster heam crossed a heal11 of Rydl~erg at- 
oms (Fig. 1) .  Electron exchange took place, 
and the anions Ivere ol~served in a time-of- 
flight setup. .An external electric field, cre- 
ated by a set of grids perpendicular to the 
anion lxam (6 ,  a ) ,  can detach the amon 
excess electron. .4l~ove a threshold electric 
field, n-llich is characterlstlc of the electron 
binding energy, anions are transfor~ned back 
to neutral clusters; this n.as easily verifled by 
letting them pass through an  additional neg- 
ative repulslre grid. Our mass spectrometry 
technique can therefore be appl~ed to the 
production of either charged or neutral geo- 
metrically selected complexes. 

\Ye can detect only the existence of 
complexes rather than their geometries, ancl 
therefore a colnparlson l~etween model cal- 
culations and experilllelltal measurements 
of resultant dipole nlolnents is required to 
deduce structural information. As a first 
example, let us consider a dilller that results 
from the mlxture of water and acetonitrile 
molecules. .4 first experiment ( I  I ) has 
s11on.n the existence of a geo~uetrical con- 
fig~lratlon with a large resultant dipole mo- 
lnent (5.5 D ) ,  correspollding to anions that 
can he produced only by charge excha~lge 
wit11 lonr-ly~ng Rydberg states. This observa- 
tion \\-as confirmed 1~ a calculation t l ~ a t  also 

A Laser 
/- excltatlon " -- 
source on-repeng grid 

', L 1 atom source L , ~ , ~  
Fleld ionlzat~on /' 

gilds ,?, Mult~channel 
olates 

Fig. 1. (A) Schematc dra\viCing of t l ie crossed beam expertnent clsed for mass and geometry seec ton  of 
the dfferent components of a polar cluster beam. Metastable atoms are produced by electron bombard- 
ment of xenon 1 Xej atoms and are fcldher excted toward Rydberg states by means of a tu l iabe laser. The 
Rydberg atoms can transfer the r  external electron to polar clusters, e a d n g  to dpoe-bound  anons.  To 
ob tan  neutral clusters. ~*!e a p p e d  an external electr~c f led for detachment of the a n o n  excess electrons. 
15) Each geometrca confguraton of the d p o e s  corresponds to a resultant d p o e  moment of the 
molecular clusters, e a d n g  to dfferent dpoe-bound  anons In tliese anons,  excess electrons are n 
diffclse orbitals that are ~ * ! e  matched for electron exchange by dfferent Rydberg atom o r b t a s  
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predicted that the mixed C H , C N  * . . H . 0  
complex can adopt ano t l~e r  contiguratlon 
with ne,lrly the same l>inding encrqy ( I  I )  
but 1~1th a much smaller clipole rno~llelit 
(2.6 D). T h e  corresyoniling electron binil- 
lne energ;- is very n.eak and illlpi7ses the use 
(if 1-ery a.eak electric fields 111 the time-of- 
tllght setup. This second lsomcr configura- 
tion hail t11~1j remaineil ~ ~ n o l ~ s e r v e d  hehre  
our esperilnents here. By tuning the laser 
for production of RyJherg atoms m.it11 a 
principal q ~ ~ a n t u m  number n = 9 or 71 = 25, 
we can selectively produce a heam of ilimers 
n-1t11 onl\r one of these two I\-ell-defined 
 structure^ (9 and 25 are 01117- approximate 
n ~ r m h e r ~ ;  see the spread (if realis 111 Fig. 2 ) .  
By means of field detachment, \ye easily 
obtained a beam of neutral ilimers 'iv~th the 
saine selecteJ geometries. T h e  potent~ally 
reactive nitrogen atoll1 of acetonitr~le is 
"~irotected" bv the water lnolecule in one 
case and not in the other, thus offering the 
~ o s i b i l i t y  of selective chemistry. 

\Ye a ~ n l i e d  this inethod LO nucleic acid 
L L 

bases and hase pairs. Xlost of our under- 
s t a n d ~ n g  ot these s7-s~eins (geiimetrical 
confiqurcltions, ilipole moments, electron 
affinities) comes from iiuantum chemistry 
calculations o i  isolated (gas-phase) mole- 
cules. Hence, n.e a-ishecl to obt,iin esper- 
i ~ n e ~ l t a l  information t l ~ x t  I V O L I ~ ~  ,1llnn- di- 
rect comparison \\.it11 theoretical predic- 
tions. Canonicxl (niinmetlhylated) mlcleic 
dciJ 17ascs arc ilifficult t o  x-a~?ori:e ~ i t l l o u t  
i lec i .mpos~t~on.  EsCerl~nental  data are 
thus scarce and restrlctcci tc) the  olxerl-a- 
t lon of tllr-mine a n i o n  ( T - )  h;- t ~ e l d  ion- 
i za t~on  ( I - , ) ,  t he  iletcrrnlnatlon o t  the  .ii- 
pole lllolllent nf u r a c ~ l  ( U )  (1-31, and LII- 

traviolet syectroscr>py of C and thymine 
( T )  (14)  in a pulsed supersonic beam, 
together \\,it11 the  iieterlnillatlo~l of bind- - 
i ~ l g  energies of methylated base pairs (15)  
and infrared studies of bases isolated in  a n  
argon inatrix (1  6 .  17) .  

\Ve genzrateil a c o n t i ~ n ~ o u s  suyersonic 
beam of canonical C, T, and .4 (adenine) 
and some o i  their pairs. In the analysis o i  
our negative ion nlass spectra, a careful mclss 
calihratlon \vas cerformeL1 to ensure the ah- 
sence of ail\- protonatloll or deprotonation 
(Fig. 3 ) .  In  the  case of monomers, we oh- 
s e r ~ e d  that urac~l  and thvmine pave rise to 
1~0th diyole-ho~ln~l and conventional an- 
ions, whereas adenine forlned onlv doo le -  , L 

I:ounJ anions, rvl11c11 is in good agreement 
n-it11 recent calculations (1 3 ,  19) .  \Ye m-ere 
a l~ le  to make a direct diae~losis of the  onset 
L3f chemical d e c o ~ n ~ ~ o s i t i o n  \\.hen spurious 
anion signals appeared at very linv electron 
enersies (n > 35). T h e  rapid decomposition 
of cytosine (C) does not allo\\- for the stuily 
of the C- anion or for the observation of 
the  C-G pair. 

T h e  auestion we wish to address here is 
n-l~ether the cano~lical I?,~se pals; isolated in 
vacuum col.responil to the same hydrogen- 
handed iH-l~o11Jec1) pars  (Crick-Rl,~tson- , L 

H o c ~ ~ s t e e n )  as in t l ~ e  douhle-helix structure 
of DN.4 or to difterent H-l~ondeil or stacked 
pairs. \Ve obserlred t ~ v o  features ot  the T-T, 
C - U ,  A-A, and A-T  anion pair signclls. First, 
the ilinlcr s i a l ~ a l  have the ;ame linear pres- 
sure ilepenilence a< tllc monomer siqnals. 
Th~s  sholvi that the parent neutral lmrs are 
not fi?rmeil hy c l ~ ~ s t e r ~ n g  111 thc g ; ~  1311.3~; 
rather, they result il~rectly from the sul~llma- 
t ~ o n  of tlie ~lrlcleic I I C ~  base pow-Jcrs. Sec- 

Fig. 2. Depe~idence on tile pr t icpa quantvm n-lm- V) 
w --- 

3er Iri) of the rea t \~e  rate constants i n  a#-btra~y units) 
w E t --. 
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- . - ,  . \ \ -  I\ 
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>.' 

I 
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correspond~tig netlt8.al dmers are obtaned oy f led .- 10 20 30 40 50 
detacl i~ne~i t  of t-e anons #:LO i V  em- and 500 \! Rydberg quantum number n 

c-n- ' ,  vespect~vel!:, for the large ancl small dipole 
confg~~ratiotis!. 

Fig. 3. Mass spectlu~n of aden~ne, t-ym~ne monomers. 1 \ 
din-~ers and palv anlotis The anlotis ;re.; produced a!: 

T A- 1 (T-T)- \ 

charge-exchange co~ l~sons oet~.jeen a beam of aser-excite3 1 1  
I (A-T)- 

Xe 8 : t ~  = 15, i = 3) Pydae-g atorrs and a -el~;;~ii-seeded 1' 1' 
uealn of A and T molecules, Vie obta?ed the rnolec,~ar 8 SF; 

bezn by heatng a 1 :I 1~1xtc:e o' A and T at 130'C t i  a 
stanless steel o m  exua~ided vi~t i i  -elcam '700 mba.1 L.. 

~ ,~ ! - -  I - - -- -- $ 1  
t-rough a 50-1~1?-d1ameter nozzle, fo~lo~fiecl by a heated -/~_,_~.-l-- 1 -,-. 
ski~n~ner 1100'C'1 at 20 ~nln. T.'e C O I I I S I O ~  regon 1s the pt~lsed ,;;' ,L;Fpp A 1 

252 261 258 
acceeyaton zo?e of a \!:!e\,-McLareti tme-of-faht svstern - ,  

T'?e absou~e [?ass ca1ibiaton Ip;as pe8forrnecl by addtion of a s l n a  arnouni of SF,: the accuracy of anon 
masses s:shoi.;in along the uottomn) 1s 0 2 a;omnc 1:iass - ~ n t s  

ond, n.e oliserved the existence of tn.o t\-yes 
of a~iiolls for the T-T pair (Fi& 4):  dipole- 
hound anions at lon  values of 11 and conven- 
tional anions at lalye \,dues of n. In contrast, 
only con\rentional ( U - U )  and other pair 
i.4-T and A-A) aliio~ls were detected. 

Nucleic aciil l~ase pairs can adopt quasl- 
planar, H-l~onded, or stacked coniiyurations. 
The  onl\- experimentally determilled energy 
differences, LE = El,, - E,, are for 1net11- 
ylated bases (~vhere  EHB and E5 are the 
respective binding energies of H-l~onded and 
staclieLl complexes in the gas phase) (15);  
holvever, the influence of methylation ~1po11 
1E is far from negligil~le (1 5). Q~lan tum 
chemical calc~llations (20) 11al.e been per- 
formed for stacked pairs and H- l~on~led  pairs, 
corresl~onding to those forrneii in the canon- 
~ c a l  base solids (21 ). These calculations. 
nh ich  are directli- relevant to our experi- 
nlents here, predict that 1E is sn~aller for the 
T-T pair (2.3 kcal mol-') than for the C - C  
pair (3.6 kcal mol-I). This iillplies that 
among all lsonler configurat~ons that are 
l?op~~lated at the high temperature (-513L1 K )  
of the oven, stacked a d  H-l~oniled pairs 
prol~ahly coexist for the T-T pair, lvl~ereas 
only H-l~onded configurations are created for 
,111 other u ~ ~ r s  studie~l here. T h e  different 
H-llon,iecl T-T pairs correspond to allnost 
antiparallel dipole configurations (22.  22. 
2 3 )  \i.ith nearly null resultant clipole mo- 
ments and thus callnot for111 the ol~serl-ed 
L1ilwle-l~ound anions. This leads us to at- 
tribute the i)l:servation of (T-T) -  dlpolc- 
bo~un~l  anii)ns to t l ~ c  presence of t h y m ~ n e  
stacked r a m  111 the u n e r s o n ~ c  beam. T h e  
i)hserveil different Ilellav~or of th \ -m~ne  ( I m e  
of DNA) and uracil (hase of RN.4) pa~rs  1s 
lnterestlnc b c c , ~ ~ ~ s e  these t ~ v o  nlolec~~les l~ax-e 
s ~ m ~ l a r  monomer propcrtles for electron at- 

- 
Rydberg quantum number n 

Fig. 4. Dependence on Vie pV~ncipal oua~it-IIT 
lumber (17) of the reIat\~e rate constants arb- 
tratry unts! for t,'e formation of anons n coll~s~otis 
be;v.,een Xe if i ,  C = 3) Pyduevg atoms and T-T 
(solid c~~c les)  or U-U :open tr~angles) rrolecula~ 
pars The peaked feat~lre for tliymne around n = 

10 I S  ait~butecl to t,-e p~ocluctioti of dpoe-bo-~nd 
anions b !  electron attachment to s taxed palvs. At 
large :!sues of ! J  (n > 201, bot'i anon fo.1-iaton 
rates are dentica and are att~ibutecl to the forma- 
t on  of H-oolded conventona anlons \$;t- nearly 
.;u resultant o p o e  rnornen;s Arvo~h!s t idcate the 
velat~ve d p o e  mo~Te?ts of t,-e co~npexes. 



tacliment. T h e  presence of a mctlh\-l group in 
tliymlnt., inqtead ot  a liyilroqcn atom 111 ura- 
ell, aprears to 1.e an Important tactor fcor the 
~ s o l a t d  pair structure. 

K?c 11aI.e ilemo~~stratecl the icas~l.~llt\- of 
non~leati-uctive s e l e c t ~ i ~ n  of Illass anil ileil- 
rnetr~cal c o n f l q u r a t ~ i ) ~ ~  ~ 7 f  both neutral a i d  
i~egati\yel~- cha reLl  polar ci~mplexei.  111 '1- 

o log~ . ,  ~t is often illi'iicult ti7 i l~ct~ng~u.;l l  
17et~vee11 ~ i l t r ~ i x ~ c  pri7perties 2nd en\-iron- 

mental ettects. T h e  proiluct~on o t  superson- 
IC lieams o t  several lulmetl~vlate~l DN.4 or 
RN;I l.acea as 1 ~ x 1 1  as o t  some of t l l e~r  palrs 
allo\\ed the esllerlmental ~ le t e rmlna t~on  of 
the geometrle> of the.? p a w  a n ~ i  ilirect c i ~ m -  
parihon to iluanturn chemical calculatli7ns. 
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Mating Patterns in Malaria Parasite PopuBations 
of Papeiia New Guinea 

W. Em b. Paul, M. J. Packer, M. Walrnsley, [Vim Bagsg, 
6. C. Wanford-Cartwright, R. Paru, K. P. Day* 

Description of the genetic structure of malaria parasite populatioris is central to an 
understanding of the spread of multiple-locus drug and vaccine resistance. The Plas- 
modium falciparum mating patterns from Madang, Papua New Guinea, where intense 
transmission of malaria occurs, are described here. A high degree of inbreeding occurs 
in the absence of detectable linkage disequilibrium. This contrasts with other studies, 
indicating that the genetic structure of malaria parasite populations is neither clonal nor 
panmictic but will vary according to the transmission characteristics of the region. 

s e x u a l  rccomhi~~atiol-i, w h ~ c l ~  1s a11 obligate 
part of the malar~a l ~ f c  cycle in the 111osqu1- 
to rector,  1s be l~e \ -e~ l  to play a slgniflcant 
role 111 the gcncratlc>n of parasite il~versity 
( I  ) ob.;cr~-eii 111 n a t ~ ~ r a l  paraslte popu la t io~~s  
(2-4).  .2;ltl1ouZh c1011;il yopulat101-i struc- 
tures have 1 ~ e l - i  proposcLl to r  other parasltlc 
protoxla (5) a~-id bactcricl (6, 71, thrre arc 

F E L ' a ~ i  ancl .< P D;i Il:'elcone Cen-re icr :lie 
E:;clei-~clcc~,, cf In -ec to~~s Dsease Dena~ine i :  cf Zoo l~  
ogy U-11:ersti. or Cxrcrd S~LI'-I Pa-KS Pcatl, Oxfo :I 
OX' 2PS IJK 
N. J F ~ c K ~ .  N Lzgcg, R P;ILI Pzp~ra Uei; G~ i i e ;  
-1st1:~:e c' Netlica Pesezr-cl-I Post Ot 'ce  Box 275. 

Iv';:l;ng, Fapa; Nei; G ~ n e a  
I<. 'i.':'ili-~sle:, De~acmen: c- Eoloc~y, ii.;er'; C o  ege 
Lo ic lcn  St!:': 2 6 6  IJK 
L. C. Rai'ord-C;ri~!~rgI-~t, I -1s:It~l:e of Cell 4-1'  i-121, z i t i  
P c p ~  a - e n  Eolcgy C" s o l  c- E c  0gc;l Scences IJ -11- 
,.,e.sit: c' Ed-~Is~irgi- Eclns~.*gli ELI9 2J- LK  

c o ~ ~ t ' l ~ c t l l ~ q  p o ~ u l a t ~ o n  gc~lctlc data k)r ma- 
l a r ~ a  (8). Linkage il~seill~ll~l:rll~m~ analyst.- 
ha1.e heen ~111able to resol\-c the extent to 
n-hie11 tllc genc t~c  structure of malaria par- 
aslts p i ) p ~ ~ l a t ~ o n s  ile~.lates from p a ~ ~ n l i s i a  
( 3 .  S. 9). T h e  11-iter~retatio1-i of sue11 anal- 
\-5c.q is eas~l\-  col-ifi>~~ncle~i b7 the choice of 
samyllng scale ( 2 .  7 ,  1 c')~ 1v111cl1 111 t11c case 
of malaria m ~ ~ s t  be dcfincil 111 rc la t~on to the  
ip.atial l~zterogcl-ieity of p ras l t e  t r a~~smis -  
sion 'ir.ithi~l a gi\.cn e ~ l d c ~ l l ~ c  area (2 ) .  

Llcasurcment of 11ctcro:ygosity e ~ ~ a h l e s  
iletc~ti~o11 of a117 cle~.iat~on from Ilardy- 
A'c~nberg c i~u i l ib r l~~m,  n.hich 1s exl,ccted 
u11der ranilorn rnatl1-i~ co1-icl1tio1-i.~. Pliiiinodi- 
lii i? i;tlc~j~rtnirn 1s haploid for rn~Jst of ltr 11fc 
c\-clc except for I ~ r ~ c t  pcrik~il In the m ~ ~ , i l u ~ -  
to vector. Heterco:jq~)>~ty can easily he dc- 
tectecl in the oocyst wltll gene amyllficatloll 

t e c l ~ n l ~ ~ u e s  ( 1  1 ). T h ~ s  11te cycle stage rcs~Jes 
111 the mosiluiti~ midgut  all a n ~ i  contains 

the llapl~71il I ~ ~ - o L l u ~ t ~  ~ l f  i l le~i)s~s.  Lal \ i~rat i ) r~  
exy~erlments have shown nn matl i~g ~ n c o m -  
l~; i t~l i i l~tV Ihet\\-ecn il~fferent pararlte genLJ- 
t ~ . p c <  (I .?) ,  so iletectlon of oocy5t heterozy- 
qos~ty shoulil LleLieild on tlhe ilr~lnher of 51- 

multaneously i n f e c t ~ o ~ ~ s  genotype% per liu- 
ma11 host anil tlie teetli~lq I:ella\-lor o t  the 
aiiophel~iie \-ccti7r. Interrupte~i feedl~lg anil 
c i l n i e ~ ~ ~ ~ e n t  sarnyl~i~g ot  m~~l t ip le  hosts 117. the 
mosilu~to vector ma\- also contr~lyute to the 
L1~rersit\- i 7 t '  paraslte geni7tspes 111 the blooil 
meal (1 J ) ,  althougl~ t h ~ s  c i ) ~ l t r ~ l i u t ~ o n  1s ci7n- 
a~ilereii negllg~ble ( 2 ,  11).  

K?e have meaqurerl i~ocyst hetero-ygoslty 
and pattern5 i>t genetic Ilnltage Llireilulllhr~- 
L I I ~  111 rarasite polpl~latlons of rural hlaLlang, 
011 the 11orth coa5t of Papla  New Guinea 
( P N G ) ,  n l ~ e r e  111te11sc. all-year-ro~u-icl 
tra115m1ss1on of malar~a o c c ~ ~ r s .  Parasltc 
samples \yere collected horn both l1~1111a1-i 
re51ilcl1t. and blood-feil mo.;(qultocs in t l~ rcc  
inlal-iil ( U ~ L I I I ,  Bau, and Sail) , I I I ~  three 
coaital (Agan, LJogia, a11il hlar,iga) villages 
( 15)  x l ~ c r c  ;l flvcfolcl tliffcre11cc 111 tr ,~nsmii- 
sion 112, yrc\,iously I1ee1-i rerorted (16 ,  17 ) .  
Parazltc LTK.2; LYAS extracte~l and ~ m p l l f i e ~ l  
for three polyl~-ii~rl:l~ic l o c ~ :  mi.ro;oit? sli~;tccce 
pl'11t2hl~ 1 allcl 2 (L'LSP-1, LISP-2) a11d tllc 
:l~itrcmnt~-lick j)i.ottlril (GLL:RP), l irateii  on 
chri.l~-ic>iomes 9, 2, and 10, reil:ecti\,el\-, of 
ihe 14 clhromosomcs of the l-iap101~1 qc11ome 
(18) .  T l ~ e s e  l o c ~  xcre  ampllfieLl 1:)- pol)-- 
mrraw cl-iall~ react~i)l-i (PCR)  tech1-ilclue5, 
s~zecl, allel 13ri~lwl \ \ .~ th  allele-ipec~ilc yrohcs 
( 1  1 %  19-21), 

Co~~siilcrahlc a l le l~c d ~ v z r s ~ t \ -  \\-as oh- 
m\-ci l  in parasite p o p ~ ~ l a t ~ o l ~ s  frl~rn 1:otl-i 
l ~ u r n a l ~  blooil anLl rnosqu1t~Jcs (Fig. 1 ) .  
T l ~ c r c  nerc  14 allclc. ii1cntifli.d for AISP-2, 
9 alleles for MSP-I,  and 9 allele. for 
GLL'RP In hurna l~  l~looLl sa11-ip1c.q. Tl-icrc 
\vi.rc 13 LISP-2 alleles, S LISP-I alleles, and 
i GLL:RP alleles 111 the oocysts. A cornpar- 
1si)ll i ) t  allclc i r c i l u e ~ ~ c ~ c s  of the l-iuman and 
o~) iys t  parxl te  pop~1 l~ t lo1- i~  \vithln a regloll 
(coastal or inland) was c a r r ~ c ~ l  o ~ ~ t  111dcpcn- 
ilentlv tor e'lcl~ l o c ~ ~ s :  T h e  l1urncan parasltc 
p o p ~ ~ l a t l o ~ ~ s  \\-ere s ~ g ~ ~ ~ f i c a n t l y  iliffcrcnt 
from t l ~ c  oi>cy.st parasite populat~ons for 
XfSP-2 ,111~1 GLL'RP ( P  < 17.;11) (22) .  hlos- 
quit0 a11il humal-i parasite y o p ~ ~ l a t l i ~ n s  share 
111ost of the alleles, hut they are fi)u11J at 
verl- ,Iiftkrcl-it tl.cq~1c11clcs. This s~~ggrs t s  
that 1 1 ~ ~ t  all i l - ikct~o~~: :  111 the  11~1ma1-i pop~1- 
l a t ~ o n  \vcrc .qimulta~~ci>~~.ql\- allel eLqually 111- 

t ec t lo~~s .  Tllr  ~ ~ ~ b s t a n t ~ a l  il~fi;-rcince In pi-e\.- 
alenee of 1nfectio1-i in the l-iumal~ (22  ~ L J  

29";) i~~ lanc l ,  3S to 51Uu c ~ ~ a s t a l )  c o ~ l l ~ a r e d  
with the hlooil-fed mos~luito populatiol~ 
[ l  O6 ( 2 2 ,  23 ) ]  prcs11111ab1y I-cs~llti ~I-LILII t l~ i s  
variable 1l1fect1~~u11css of the parasite anil 
t h r  source of the hlooJmeal [that IS, animal 
cornparcel n - ~ t h  l ~ u m a l ~  (24)] .  

Heterozygoslty after hlL)oil-feedil~q rc- 




