CHAPTER 11

REVIEW OF LITERATURE

1.Life cycle

Malaria p

r@ueen two hosts durine its

complex life !.__\ by a large number of

female nnﬂphi i sexual cycle takes
place. Developg takes place in the
vertebrate hos . f” ‘ ;. ansk | .g-hy starting the asewual

cyvcle (Figure 1)

1.1 Btage
]}url t5—as l sites injected to the
host by a ,' quito bite is @ haploid Ofeanism (Walliker, 19823

o

Walliker 1933"&1!5 et B4 1986). Within a short time the
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asefual prnlifera tissue-stage merozoites. When the
process of merogony is complete, the parenchvma cells burst and
the merozoites are released into the bloodstream. Different
Epec:i‘es have different pathways eg. P. vivax ; some of them

remain in the hepatic cells. By rapidly invading the



erythrocytes, these perozoites mature through rings,
trophozoites and schizonts which produce many new merozoites.
The red blood cells erupt, liberating the merozoites which
impediately invade other red blood cells, thereby reinitiating

further ervthroevbic cyveles in the recipient.

4 human ervthrocvtes can,

———

.\hq‘
". \ otocytes (female) which

1 acrogamont.s are released

ent.iation into immature
hecome mature et.nc:rt.es are ingested by
the mosquito v
from the red-h v process, the macrogamonts
pature into wmacrfpafiébes. a p then ready for fertilization.

The microgamonts process of maturation called

"exflagellat] ;;‘ :‘_'_—"""—'i""'_l' replication and cell
division nt:c : “Ozanete . The flagellated cells
swin through ©the midgut the vector in quest of the
macroga ﬂﬂlmﬂmamvﬂlﬂ jnet.e nuclei fuse,

CUNEIIRI 00N I I

inte motile oo es, which penet.ra es vall to form
oocysts within the outer wall. The oocysts mature and finally
forms a legion of haploid sporozoites. These elongated, fusiform-
shaped sporozoites emerge from the oocyst and migrate throughout

the body of the mosquito and eventually enter the lumen of the



HUMAN

MOSQUITO

miges (i) enier the blood
wheie they undeigo
redthich invade red blood

e ring b, rophuzoiie (v), and
schizont sages (vil, "-h.- wes are released Giid, which
reinvade ml cells tivk 1h¢ mndmg merozoites can then
can underpo ‘sexual” dilferentiation into

ﬂum ‘ﬁ" T

A ||.-plnr.ﬂm :nd ull
d n:lls lsml |hm g l-.:km.'d and

SURBRTT o

|hc oOCVS) mil which uru!m.rm spmwun i.n A i
pmdu-w large numbers of haploid sporozoites txx) which
invade the salivary plands of the mosquito (xxil rom where
they are injecied into the human host and the cycle
IECOMmMEnces,

Figure 1 The life cvcle of P. falciparum (Foole and Kemp, 188%)
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salivary glands. Here they may remain until they are inoculated
into the human host 1via the next bloodmeal of the Anopheles
vector (Foote and Kemp, 19895 Cornelissen, 1988).

In the past decade few studies have been made on the
basic  genetics of malaria parasites. This is mainly because the

organisms undergo a complex life cycle. With the development of
] ?’ f i stages of P. falciparum in
7 aaen, 1976), parasites Lhen

: =§£-%khﬂx
_\igsi::g;quence level were done
BN "-,\

pethods to maintai

continuous culture
hecome availabl

Before

syariety of approaches had

W,

characterizatio

N

clearly identif ied \ diversity in Plasmodium

as described belo

2. chnraeterizatioL;égggg-,:;;

vj Ir‘
Ident 13 ca

paragites has been based on
iF
morphological, @ielogical, and, biochemical characters. Using
hme.glfuﬂﬂdiﬂ ELY) % Nodne] Thidracters bave been
TN sai N Ing s
CTANTIEU AN INE IR
N 1IN 1at
q
(1> Enzyme tLyping
starch gel and cellulose acetate gel electrophoresis of

enzvmes have been used for characterizing malaria parasites to

establish the extent of genetic variation among isclates
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collected from different countries (Carter and McGregor, 1973;
Thaithong et al., 19813.
Six enzvmes have been principally studied:-
Glucose-phosphate isomerase (GP1 - EC 5.3.1.3.)

-phosphogluconate dehydrogenase (PGD - EC 1.1.1.44)

p ,(LDH - EC 1.1.1.27)

" 5.4.4)

Enzvme g% pJ “%een helpPl in identifying natural
pixtures of ’\ \- rsu]at.e T9, vwhich
contained parasj Aw HE\\%R\ types of GPI-1 and GP1-

3
2 {(Rosario, 19 -_E ) 1:\x fwo tvpes of parasite vere
obtained. Hnrenve-. it vél ood markers as they are stable
over many £ er the haploidy of the blood
parssites, ifﬁﬂf_f_ 7777 Eﬁf was straightforward.
ly J
»

ﬁ”ﬁﬁﬂ?%ﬁwmgmzﬂmmmmm
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nl iparum parasites labelled with “°S-methionine. Proteins
vere separated according to their molecular weights and
isoelectric points. The gel was then examined by autoradiography
and many distinct spots appeared on the gel . These proteins

have been designated 1,2,%,... according to their positions and
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the variant forms of each protein have been given as letters of
the alphabet A, B, C,...(e.g. 14, 1B, 2A, 2B, etc.). Two-
diwensicnal protein secreening had an advantage over enzvme
typing because more than 100 parasite proteins have bheen
detected at anv- one times this was of obvious value when only
betveen organisms. Seven proteins were
ﬂv;;"'pt forms in different isolates
i @it host protein markers ,

minor differences existed

found polveorphic exhibib
examined.
as mature ref 2pF 1 ot -~.'*¢;t;‘proteins ‘Fenton et al.,
1985). This a-v P fas ] vi -‘a; n\&ifrerentinting isolates
or clones of t'v “_' ' g;'p‘; Tpsawvasdi et al.,1987), however,
great skill | v

i to obtain the results hy

this method.

(3) Antigengs i/ A

.; S-antigens as well as

—
-
A

St udi Fa—— i e—ireem—m
£

antigens detzg‘ed by ibodies and immunof luorescent

techniques. Cohsdderable dixeérsity occurred among parasite

popul ,t.]@'suﬂﬂﬂ ﬂm i:wp_ﬂ :‘]n;m- such diversity
AR TR ey o

procedures for ¢]0ning. and sequencing wmany antigens had

expedited these studies (Ardeshir et al., 1985)

t4» Molecular geneties
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The application of recombinant DNA technology to study
of P. falciparum and, to a lesser extent , other species of
plassodium has resulted in rapid advances in understanding of
genetic diversity in malaria at the molecular IJevel.
Characteristics of DNA have been studied in several species of

pPlaseodium by several authors as described below.

Analysis of plasmodial DNA by

measurements dééﬂld pelting temperatures
indicates . E et al., 19713 Pollack
jf '\\Q$

etal. 19823 Mcga®r ant.h G4+C content and gene

t.he parasites can be

arranged into 303 net o 7 ThE 0S€ with a single component

hybridization

DNA  containing S B "'7-'_ ¢ Raleiparum, P. berghei, P.

lophurae’, those ent DNA containing 304 G+C

those with both DNA

(P.  knowlesi,

components (PEs

Goman - ‘ a1 , preps ‘r pd clones of repetitive
DNA of P. faldiparum and shudied the hybridization patterns
of aneﬂm ﬂmjmﬂ’]ﬂjohtes. Different
hvﬁ Wa ? MShnumg that
t.henp vere ﬁnﬂgﬁmﬂg :jn gﬂﬂq Fenomes.

Estimates of its genome size have ranged from 107 to ~3.8x10"
base pairs (Hough-Evans and Howard, 1982; Pollack et al., 1382).
The introduction of ©pulsed field gradient el

electrophoresis has allowed us to study Plassodium chrorosonal
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DNA, and it has become clear that there is considerable

variation in chromosome.size from one parasite clone to another.
3. Pulsed field gradient gel electrophoresis (PFGE)
is widely used in DNA analvsis on

the basis of size conformation. MWowever, the

conventional ge niques are limited to

Gel electrophoresisi

molecules less in size due to Lhe

sieving propert Previous attempts to
extend the e5is relied on simply
reducing the ) 'nse gel (Fangman,1978).
Unfortunately, th reading effects, and low-
percentage agaros i1t to handle. In any event,
such ordinary tech e Lo deal with intact large
and complex ;—‘——l\:‘

A nn approach e F,'J ¢ analvsis has been
provided ecentf& the tech ulsed field gradient gel
electrop Mﬂnﬁwﬁﬁ,ﬂ %ar:t.mnat.mn of DNA
“ﬁmawﬂm AT e

#l., 1983; Schwartz and Cantor, 1984). It is a new wav of
using a g¢el matrix and an electric field to separate large
molecules.

In PFGE, DNA molecules are forced to continually change

the direction in +which they are moving. The rate at which a
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distorted DNA coil can change its configuration is known to be
extremely dependent on the molecular weight. In free solution
this forms the basis of the viscoelastic relaxation technique.
In a gel  matrix no detailed phvsical wmodeling of the
reorientation of " DNA coils has yet heen reported. Nevertheless,

it seems clear Lhat horter Lhe D¥A coil (vhich occupies

only 8 short path tiire . esl, the faster the abilitw

o . W . 7 " oduction of new electrode
canf:#uratinnﬂ/. e ic fields in alternating
orientations Ty pf large molecules. In a
tvpical PFGE, — edd ko alternating pulses of
current.  in te each other iSchwartz
and Cantor, 198 . The net motion will he
along the line eld directions. Usually the
two alternate fields d#re & for equal time intervals,

called the 15 e time (f "'af molecules are then

size-frantl.ona “elec rnph psis  using pulses of
appropia d lﬁ ﬁ this allow for the
deternnﬂﬂ ﬁﬂamﬁwgr}] ﬁ chrnmsawes, but,
]ﬁ W"Ta ‘&ﬂ Tmﬁmwl r?ﬂli]nra lElblot.s of the
chrébosomes, thereby wmapping the corresponding genes to the
chromosomes. Furthermore, the chromosomes embedded in agarose
can be digested with restriction enzvmes before and/or after

electrophoresis, thereby permitting the construction of genetic

maps ‘Kemp et al., 1990,
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Figure 2 Schemdtis illustratiéw of DNA mieration in response to

@IMQEJ&:J mﬂmimﬂﬂ 1 jrin fields. In the

PRI I T

are comparable; in the bottom panel the pulse time is

such faster than the reorientation time (Smith et

al., 1987,

0181862
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after start of second
pulse.
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A/ 5 Positions of fragments  Positions of fragments

at end of second pulse.
Note that the separa-
tion time is achieved
along a bisecting line
betiveen the angles
generaled by the iwo
pulsed electric fields.

91
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The introduction of the contour-clamped homogeneous
electric field (CHEF) apparatus of Chu et al.,(1986) allowed
fractionation of the chromosomes in straight tracks (Peterson et
al., 1988;Cowman and Lew, 1989; Sheppard et al.,1989; Tanaka et
al., 1990, a8 verv  useful technical improvement  of

reorientation ang¢le of the hexagonal electrode (figure 4 and 5.

Analysisg® f fihe ] hromnsomes P. falciparum and
other species e i hindered by the failure
of chromosome ndense LB, “discrete entities during
petaphase and life cycle. To circumvent

these problens, s been provided recently by

Lhe t.echnique o adient gel electrophoresis

(PFGE", ul] “ ln:" molecules of 30 -

2,000 k:lnhaﬂ Ptz et &l., 1983). This range

W AVENAIELIA, e s
men;;m ATV e gy -

Leighmani spp. (S Samaras, 1985),Giardia lamhia

encompassed thef @izes of inteét chromosoma il}% molecules from
Eukarvutﬂ

(Adam et al., 1988 » and Plassodium spp., e.g. P.
falciparum ¢« Kemp et al., 1985; Van der Ploeg et al., 1985)
P M (Langsley et al.,1988), P. chabaudi i(Sharkey et
al., 19885 Cowman and Lew, 1989) , P. berghei (Ponzi et al.,

19807, P.vinckei 'Sheppard et al.,1989).
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electrode potentials and field vector when A channel
+ of the electric field switcher is on. ‘biRelative
potentials and field vector when B channel is on. The

average vector during the run is in the direction of

Lhe arrow marked [low.
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By using PFGE, the earliest studies from cultures of
independent. isolates of P. falciparum separated chromosomes
into at least 7 discrete size groups (Kemp et al., 19853 Van der

Ploee et al., 1985). This analysis also revealed surprising size

polveorphisms among equivalg hromosomes of different isolatess

in some cases, & .L; :h: ) ‘;‘;-;ng to “204 of the length of
chromosome.  Sub 1t . rnfi]e of P. chabaudi
vere demonstrate 1. From this studyv, 11

” =
chromosomes we ‘ \\\K\\\\ he separation conditions

of the chromogfusd U ': ‘; the resolved number of

chrozosones np et al., 1987; Wellems
et. al., 1967 ra ‘ 2% 71i | o 2,500 kh.

This numhi W as consistent with that of
kinetochores _in 2s of & blood stage schizont

_fy;---- ‘F and Slomianny,1986).

visualized

Thus it ma u he assume oth hnds faithfully reflect

Aa yﬁiﬁwﬁ’ fi::;:::“::;:::
AR TR o

Pa berghei using microfluorometry have provided

additional evidence that sporozoites, ring forms, voung
trophozoites and mature microgametes possessed a similar
quantity of DNA, assumed to be the haploid amount (Janse et al.,

1586).
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Fourteen chromosomes ranged from 600 to 3000 kilobases
in size and were polymorphic: homologous chromosomes in
independent isolates varied frequently and dramatically in size
(Kemp et al., 1985; Vvan der Ploeg et al., 1885). These

polymorphisms were observed in cloned lines of P. falciparum

in culture and 1in taken directly from infected

g ‘/ﬂt precluded selection in
: l.ﬂr, in a cloned line, the

rings, trophozoites and

individuals under

vitro f‘Corcoran

chromosomes were
schizonts (Corcafans’ s a b I8 F \Whough the karvotype of a

clone was relatgWe ire and so provided a

useful marker fgF % size variation occurred
in vitro, most iromosomal events rather
than interchromosola Vil s vents (Kemp et al., 1990).

From the s is clear that chromosomal

:'d owth of the parasite

pelymorphism ; — OCCUr

and that sta@ity 0 8 P ular
Vi) A A
SRR R ATV e o

stud¥, the cross-fertilization in mosquito of 2 distinct clones

r, votype is both strain-

differing in NuUEEerous characteristics of P. falcipaum
resulted in the appearance of nonparental karyotypes when
analvsed after cloning of Lhe progeny blood stage parasites.

The molecular karvotvpes of three rodent malaria species,
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P. chabaudi (Langsley et al.,1987; Sharkey et al., 1988) and
P.berghei  (Ponzi et al, 1990) as well as P. vinckei
(Sheppard et al., 1989), have also been studied by means of PFGE.
Each species appeared tn; have 14 chromosomes (Sheppard et al.,
1988}, ranging in size from approximately 730 to >2,000 kb. Manv

probes representing ecloned, ,P.

falciparum antigens failed to
hybridize to P. chabadi™ \ ard et al., 1989).

been found in P. vivax

iLangslev et ( " d]fl'erent. isolates vhich
‘ x pntients exhibited a

were obtained

different chro FRLEON | This hinted that a high
level of polyn 44 \\ 1d populations of P.
vivax and tLhat ia a large scale for the

epidempiological an; a ite populations.

Further mappifgd =0 omosomes was performed by

digesting V_ VEOEES ion enzymes that cut the

parasite Dﬂa_minfr larest.rict.inn fragments

could the rated by an red to filters and
hrhridlz ulﬁjan lﬁﬂiﬁ%ﬁe pmechanisms Lhat
unﬁrm Nﬁﬂﬁquﬁmﬂ‘{ﬁmﬂm from
several different falciparum isolates have been
extensively mapped (Corcoran et al., 1988; Sinnis and Wellems,
1988; Foote et al., 1989; Wellems et al., 1987). The available

evidence suggests that the major polymorphic regions in P.

falciparum chromosomes were the subtelomeric regions (Coreoran



et al., 1988; Patarapotikul and Langsley, 1988). From
observation of the restriction maps forchromosomel and 2 of 6
cloned lines of P. falciparum , the subtelomeric zones were
found to be polvmorphic and to coincide with the location of a
repetitive element (rep20). Additionally, it was shown that
deletions of rep20 generated clones of the parasites that were

)ends of chromosomes 1 or 2 and

-pruh:na] genes as well

hereft. of repZd on

larger deletion
‘Corcoran et cases, size differences
betveen homol , der of 100 kilohases or
more were s ctnltant loss of genes
encoding  antTgefs By (£alcdpan ured in vitro often
lost the ability he infected red cells. It
is now clear th' cisolates Lhe gene encoding

(KAHRP) , normally

knob-associated his;&ﬁ Hﬁj sprotein

oppletedy JQorcoran et al., 1988)
Y
i,e]etad from the genome.

d

The h]St]dlnE*Plnh protein genes vere also subjected to

wrnnf] ) ARSI BT &) AR et st cstabt ot

A BB TIPS ot [HTARTIN

the terminus ofchromosome 12 iWellemns et al., 1987). Thus, size

located on Lehfomos

or partially ]

polymorphisms could be generated by deletions of repetitive DNA

or of coding sequences.

Long-range restriction maps of chromosome 4 from 2

22
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parent clones and 1 progeny clone have shown that, while the
overall structure and organization of chromosome 4 from each
clone were similar, large-scale variation occurred within a few
hundred kilobase pairs of the chrososome ends ,and Lhat
crossover  between 2 parent chromosomes explicated for an

intermediate-size chromosome, of the progeny vwhich contained

restriction sites of the left end of one parent

vas also evide \ uld vary in copy numhers
for example, t \\\\ 0 sequenees on chromosone
2 of one parg y “sh ort.er and hybridize to a

AR

puch lesser e n f‘_-,.i parts in the progeny and

the obther parern posed thal chromosome length
polymorphisms werd [He< cons ceétof homologous recombination

betveen expgndah § M opeat units (Corcoran et al.,

1988). _y._, FY ]

Thereu PFG “has Drove “'J to be a powerful meLhod
of karyoly ﬁsis. has @dso been useﬁ to examine the
relat:u@ﬁ ﬂlm Elmlzw Ej’lmf‘jes in different
AT e e
chaflacteristic of some isolates of E”alnl falciparum, may so

be connected to some tvpes of chromosomal variation, and this

ijs the main theme of this study.
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5. DHFR and pyrimethamine

Several drugs are available for the treatment of malaria.
These can be classified into 4 groups :-
1+ Antifolates (e.¢g. pyvrimethamine, proguanil)

2 Sulphonamidags sulphadiazine, sulphadoxine)

e.g.
21 Quinings - nd i fe.¢. chloroquine)
s fe.g. peflogquine)

1 primaquine?

._‘L N
a1l thes [g&f vedle privarilgnactive against the blood
forms of the olipes being the only drugs
fully effectiv; s g cybic stages, and normally
used only for tre \\
Extensive IsﬁF“? t}/f s'has resulted in a selection

of resistant parasits oblems of drug-resistance in

P.fa]ciparui ;'g pyrimethamine and
chloroquine }gause 3 fwo drugs are the most widely used.
The pre ﬁﬂﬁz E] %J thamine anti-malarial
e, AUEIN Vi WE’T’lﬁ‘ﬁ

QTR AT e e e

1958 as an effective antimalarial agent (Cook, 1986).1t is a 4-
amino analog of dihydrofolate and acts as a specific inhibitor
of dihvdrofolate reductase (DHFR- 5, 6, 7, B- tetrahydrofolate :
HlDF; oxidoreductase [E.C. 1.5.1.31) of malarial parasites.

Plaspodium depends upon DHFR activity for dTMP production, and
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A Y
2 Cl s_NH‘l
"
H
*H"ng#N N C:Hs pyrimethamine
B
—N—C—CH;—CH,—C00~
H I F 1
Figure 6 Structurg ' cthamdieaconpared with its natural

.,
-.-?\
Mg

\&\x ok, 1986 and Strver,

.‘ \ % \'\
; &% ' H"'-..H : : X
H?,f ~enl WAL HNTSc—cH,
0=C,__ ' ' . L ﬂ'—l\ H
— 1
Deoxyribose _. ____.J, it Deoxyribose
(png ] «—#dTMmp | mMonophosphate

B 'I
| -8
L i

‘mﬂ-me:h lene-

AuyFABRINYN

CUREXT L1 Wilkied

Figure 7 Site of action of pyvrimethamine drug in folate
metabolic pathway. This illustration is wmodified

from Strver, 1988.1
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hence DNA synthesis, and also transfer of 1-carbon units in
pther metaboliec pathways (figure 7). The affinity of
pyrimethamine for the p;rasite enzyme has been found to be 2,000-
fold greater than for the host DHFR (Ferone et al., 1969; Ferone,
1970». Accordingly, this difference in sensitivity is the basis

of the chemotherapeutic effectiveness of the drug in treatment

of malaria infection (Sj and Yuthavong, 19B84).

An i “feal @ DHFR activity in manwv

protozoa, includd 1cipare u\.,
TR
' N
?Q}{%R\ ethyltransferase [(E.C.
\\

“\\\ of P. falciparum

indicated that | etlirred unckional enzyvee contained 608

osided on a bifunctional
pept.ide, as svnthetase (TS-5, 10-
methvlenetetr

2.1.1.45]) aclh

Analvs

amino acids (71,682 % - he coding region for DHFR-TS

contains ntg. 4. has a high A+T content

el

L)
g=Lerminal portion of the

(75%). The |

|
J
protein, is JG}HEﬂ by a 94- alinn acid junction sequence to the

o s SIS RERTIH ARG o e soven

ifigure ', Both dogains u P. faleciparus are wmore
hﬂﬂlmq a’qmimum’]-g mﬂlla E‘Jwrns of the
enzyles (Bzik et al., 1987}

Numerous pyvrimethamine-resistant (pyr parasite
mutants have now heen isolated and studied. Investigations in P.

berghei revealed an enhancement of DHFR activity and the
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Target for Accl

el
ErdcT
(4]

[~
TC

L
TG

=
-
-

5], ]
et o T8 = = = (hromosome &
:-1-Mlu.h |
M — 2P
1
1
EcaRI -
Figure B Organisatio -4—-——¥ tne for DHFR-TS. Targets and
seqifen cognise 8 Féstfiction enzyme Accl in

DN E’

f 5 acid posilions are

nunhe ed on the gene. Pusitiu 51, 5% and 108 are

ﬂ”ﬂﬂ’l b ixa m PR AR Fhonees afrecting

vrileLha:ine ‘aen31t1v1tv {Peterson et al., 1989,
QA HRGATUUI A A T o

clone is described by Snewin et al. (1988). The

position of a putative deletion responsible for Accl

RFLP is indicated:[1.(Chan et al., 1883,
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putations within the gene could account for the pyrimethamine
resistance {(Ferone, . 1970; Digpgens et al.,1970), 1In P.
chabaudi, the mechanism of pyrimethamine resistance did not
involve a&n increase in enzvme content, but was attributable to
the changes in the properties of the DHFR enzyme which resulted

in a large decrease drug  hinding in pyr’ clones

iSiravaraporn and Yul

Prior ‘ved FPFGE , resisbance to

p¥rimethamine enorted to be ascribed

to 2 mechanisg ion of the DHFR-TS sene

and second wag of 8 7\- #8¢ in the DHFR-TS enzvme

vhich affecting

Inselbura isolated a pyr strain of

atcumulation of the drug as

P. falciparum thi

efficiently as its~ps¥r=. par one. Nonetheless, one pyr"

mutant  cloi Ef exhi fold higher uptake of

pyrimethamine E’nd overproduced

clone, ﬂzjﬁﬁ ﬁﬁfwg ilty wvas equal. The
genomie t.hi clone vas shown te eontn:n at. least

AR AT ANy T Y

p¥rq clone. These results hinted that some of the DHFR-TS

BR-TS protein than pyr"

T
he D

genetic waterial was associated with a gene duplication. However,
in parasite lines derived from parasites which have acquired
pyripethamine resistance in the field, kineties studies have

vielded no evidence for DHFR overproduction in anv of the pyr”
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strains (Walter, 19863 Chen et al, 1987). Instead, these studies
in which an affinity to the drug was decreased suggested Lhat a
pechanism involved a structural alteration of DHFR. This was
congruent with the results of Dieckmann and Jung (1986), showing

that uptake of ‘the drug was identical in both pyr" and pyr’

strains of P.

falciparum no metabolite of pyvrimethamine
vas found in either Sty /Sl rom the pyr strain was 200
times less SUSGejisdehe ; inlﬁhﬁr pyvrimethamine than the

\\\\\ r:nncluded- that altered

nlv ostensible mechanism

enzvme from

properbies of '

responsihle forgh) g ’b\ \ n Lheir study.
The ' ., b \ iy other recombinant DNA

technology, for ng and polymerase chain

reactions method,” ht < ¥ : an identification of those

ipvo

amino acids esistance.

Sequ 'ij,i

FCR: <{Bzik em al.,

implicat stance associated
with nnﬁ‘pﬁnulii‘ﬂ point ﬂatwnsj-l‘:onan et al.,1988;
RTMTRIN Y T o

Cowman al. (1988) reported that the DHFR-TS gene was

g | from the pyr® clone

1) "
rom a niigber of pyr clones have

present as a single copy on chromosome 4 in all pyr- and pyvr"
isolates tested. Copy number analysis has confirmed the presence
of a single DHFR-TS gene in K1(Snewin et al., 1988). Therefore,

Lhe molecular basis of pyvrimethamine resistance in Lhe parasites



tested was not amplification of the DHFR-TS gene. It was shown
that the degree of resistance to pyrimethamine correlated with
point mutations from Thr-108 / Ser-108 to Asn-108 in the gene
encoding DHFR-TS of virtually all resistant.isclates analvsed so
far (Peterson Et: al., 198R; Cowman et al, 1988; Snewin et al,

19898).  Recently, DHFR ences of 4 pvr wmutants were

demonstrated the
223 from Phe Lo 56

In falciparum studied
by wusing khe multidrue resistance
gene of P. te be amplified in
several resistagl es Jan dr ' b nscription levels were
increased p under the conditions of
meflogquine pressu hat generalized modifications
of genomic struc ':VH-F-!ﬂf i he growth environment might

explain fﬂr ;* omoSOme f}j'leflnquine-resistant

i

P. falciparum &]Ie:s el &l 1988
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Nevértheless, the pyr" parasites no longer contained the
original chromosome 7,instead they had 2 smaller derivatives of
chromosome 7, boLh carrving a copy of DHFR-TS gene. This
chrompsomal rearrangement. and duplication of a portion of

chromosome 7 provided the first example of a parasite increasing
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its knrroi.rpa from 14 to 15 chromosomes (Cowman and Lew, 1989).
In PFGE study here, thus, chromosome 4 of the resistant
parasites are anticipated to be different from those of the
sensitive ones if the mechanism of pyrisethamine resistance
involves DHFR gene amplification. Alternativelv, if the size of

chroeosome 4 of both sensitive and resistant clones shows no

\
variation, the necha tQRIiffg &ible for such resistance might
be due Lo pointemubdt: éﬁauses.h confires that the
wechanism of T e Fesi fﬁﬁﬂ 5 correlated Lo DHFR gene
amplification, 1l T K\;\-ene in resistant clones

should he morehad 4 ’L‘*\- iy h*g‘hen studied by dot bhlot

analvsis.
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