CHAPTER V

DISCUSSION

1. General Remarks about Puls ield Gradient Gel Electrophoresis

The separ ‘-t‘ LB s T itive tn a variety of
pxperiment.al - \\fect of agarose &nd
tepperature (M4a "th\%\;fect of pulse Lime and
eloctric field glrghalh soumher Net\ .. 1988, effect of
electric field 19881 and DNA topologv
iMathew et al., 19880 he pulse tiees, voltages,
and electric fie ;r~n;?1;—i¥‘ ere varied to display Lhe
karyotypes '- iCHision, the suitable

running condi '-ns 0 w all eh .:usr: s within a gel in this
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%he chromosomes which are of pa est. for the
research being done. The conditions that permit the resolution
of only the smallest or the largest chromosome which are in a
nnnpfessiun sone may not he suitable for overall karvolvpe

copparisons, as shown in figure 10.1-10.5.
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cospared to the gel which was fractionated by OFAGE
technique (figure 10.1) to the other gels, it was found that the
resolution of PFGE was dramatically affected by the
configuration of the electrode used. This is because the shape
of electric fields applied was altered resulting migration in

different. manner. The hexagopal elect.rode was proved to he Lhe

» of 120 deg¢rees helween Lhe

alternate eleeclri ‘&vation x¥as in agreement

kith earlier stug FATE o 11;' rantor et al., 18BB» .
/ N
i 5 ‘.\ '«

emall changes PFGE equipment and in

most suitable, and

AR

buffer and e d radica]ly af fect. the

resolution of WChu et al., 19863 Carle

chromosones in P.

.

1987). Unlike this report,

falciparum is

only 11 .'1;::" 3 Fagre desonstrated with

Lhe ramped p i! e Lime fre 00 se@y 80 volt for 137 hr in
this Ej thét/ some chromosomes still remained
at.  the ﬂtu ?ﬁﬂ%imﬂln‘jﬂh intensities of
enwwr‘;a%ﬁm ﬁvfﬂlaﬂgﬂuﬁﬂg 5, 6, and 7
werdl observed .

Since artifacts in PFGE can occur, especially for the
largest. DNA fraegments (rarle and Olson, 1887, proof of the

chromosose number of P. falciparum chromosomes should

probably involve Lhe reproducible and good resolution of the DXA



bands on pulsed field gels. In order to prove vhether a single
band of chromosome observed on an ethidium bromide - stained gel
represents a single or more than one chromosome, each of the
hands of special interest can then be cut cut. from the gel and
subjected to rare-cuttine restriction enzvmes. These chromosonal

DNA frasmenls will he

gct ionated again by PFGE. After

separation, they plotted and hvbridized with a

prohe feg. tLelomg Fp phe i & of the fragments can he

eounted and 5 .fb n‘ﬁ’ﬂai:es in one band could he

ident.ifi1ed +Jansg

The paras psed in this experiment were

pyvrimethamine-sens V—“-yi.glfw' ant. clones grown  under

controlled ; 1 ,_.“. e carefully examined

b | i
for a chnract. stic oOf suseeptinilitly 't

::::rﬂ ﬁnﬂni\mb{l Vigthan we’rfﬂs%un to be naturally
OV TR TR R 1L s

chrdhosone patterns in Thai sens1hive and mutant clones,in

o pyrimethamine. The

rhinese isolate and its clones, and in the Vietnamese clones.
These changes in  chromoseme structure might reflect. an
adaptation of these parasites to ecell culture rather than a real

genet.ic polvmorphise of parasites 1in the wild. Because Lhe
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parasites in these studies were confined to the ervthrocytic
stage of the 1life cycle. The effect of sexual recombination,
which occurs in mosquitoes, was not studied in these experiments.

The change of chromosome sizes in clonal level has heen
considered significant. The present demonstraltion of changes in

t.o he strange because Lhese clones

ninrnnanipu]atinn and were
@e with the pyrimethamine

lone-term in  vitro

clone T9/24 RC1-RC4 appeangg
vere derived from th I
still as sensil.igs -
MIe  of  5x10

cultivat.ion may ificat.inns of eenomic
structure of \ehreposone polvmorphisms
nf its su!:uldn yorgenent, *:-'it.h the previous
evidence  Lhat pge genetic information,
especially  during in yvitro f{Pologe and

Ravetch, 18863 461 . Consequently, it is not

surprising thef—a f“{ chromosome size from

i |
isplate Lo :ul

" FA fwsz s M
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The wutant  T9/34 g300/200 eclone was considerably

ate was bed” (Babi ,, et. al., 1991) because

different from T9/94 in chronosome 9. Though the other mutant
clones, T9® /84 1 M1-1) al, T9/94 +M1-1) a2, TS/584 i4Y1-1" a6, T9
Jeq4 iM1-1+ bH1,T9/94 M1-1+ b5, T9/94 iM1-1:h8, had the same

pvrimethamine  MIC (1x10 T, their ninth chromosomes were
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slightly different from those of the parent clone. One
supposition that could account for this extensive chromosomal
polymorphisme was the different kind of mutagens used. Both EMS
(eth¥lmethane sulfonate) and MNNG  (N-methyl-N’-nitroso-N-
nitroguanidine) are the alkylating agents (Mays, 1981). They BaY

introduce alkyl group in nucleotides at various pesitions,

thus giving the different miSpfsfisde. As a result, the parasite

Likevise, med 9% \fxob. Bubant T9/94 (M1-1> bi-bid

clones was 9/94. That the mutant
clones were dif n '_f,; arent \in\ chromosome 9 therefore
implied that mut, | ';5." et y mutagens utilized in
cultures and akkvlstd agents affected the ninth
chromosome  of ﬁﬂ.-;p; };3 is

consistent with the

parallel ev:;;;-*_——"‘ [ : _fﬁ' variations of P.

falciparum by ]BFGE WETE EOre numerous J parasite populations

o N ‘i’l.EJﬂi‘ﬂﬂ"‘lﬂﬁiﬁfﬁlﬁiﬁiﬁ
YMIRIIUNNING 1D

Extensive variation in another 4 Thai clones from
isolate K31 was observed by having 3 chromosome patterns. In
addition, even though their drug susceptibility were identical
to tﬁat of T9/94,Lhe karvolvpes were different ffbl T9/94 and

its derivatives.
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For the parasites from China and Vietnam, no two
sdentical clones was obtained and the clones wvere different from
their isolate. The chromosome patterns of these parasites
vere also different from those of the T8/84 clone. These
differences pay be due to the géographic distribution of this

isplate. This 1is because Lhey nost marked difference was in the

o t.u 11 not in chromosowe 4.
.wne 10 and 11 should

\\ anne resistance. This
\\\ s%in all Thai clones were

larger than thos ' 1 ;

large chromosome
another  implicat e s
certainly not /
results from LLg& :
\ ch vere more resistant
\\ ‘ se of Vietnamese clones
\ in this experiment. 1f the
tenth and wvere correlated with
pyrimethamine . resi osome size would change in
tLhe y_—- :J or larger in both

Chinese and \mtnues o 5. Bo F:] chromosones should be

~ APEANANANG. .
QR YRS AN A

Hxl ®),PFGE can reveal the chromosone and chromosome
9 - sized polymorphisms. Therefore, the PFGE technique could be

potential for characterization of P. falciparum parasites.



. Chromosome 4 Polymorphisa

A striking phenomenon was the larger size of chromosome
4 ofTo/e4 (M1-1) b6 and TH5/9%94 (M1-1) b14 wvhich were the most

resistant to pyrimethamine amongst the mutant clones tested here,

showing an MIC value of 5x10 °. Combined with the result that
DHFR-TS probe bound boe

W 4 of T9/5%4 and the Vietnamese

h relationship between Lhis
| ._

clones, it is likel¥stt
alteration of t vrimethapine resistance.
To confirm investivation for the

hé and T9/94 (M1-1) hi4
clones is required.

There was 8 :
(M1-1) a1, T9/94 (M- ;. S " 1 aB, and T9/94 (M1-1) a9
group. They ught. e O] %ﬂ he same parasite because they
also shovediid diff srences for the otRer yaracteristics such as
Eenzymes typésiﬂbru- m:. S., unpublish data).

Thus, the chromosome patterng of these few clones by PFGE vere

norr&latﬂ ua ’13 m EJLVI 7 w &l.,aht] ﬁethud of wmalaria
haranterlznt1un

’l@ qi[] imﬂ nﬂ ?J]nﬂ ﬁﬂque could be
exp]uited for characterization of P. falciparum parasites.

No convineing indication from karvotyvpes generated by
PFGE = in Lhis studv elucidates that pyrimethamine resistance is

due to DHFR amplification because of the faulty filter membranes.
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polymorphism in the T9/94
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However, it is likely that DHFR genetic material is
approximately located on the fourth chromosome when comparing
the bands from ethidium bromide-stained gel with those from
autoradiogram. This is in agreement with the previous reports
(Tanaka et al., 1990;3 Cowman et al., 1988).

as there is a possibility that amplification of genes

mav contributed to /e size polvmorphism described

above, it would bes ine this hypothesis. This

—'

was done and dis nalvsis.

4. Dot Blot Analy

The arasite resistance to

pyrimethanine is yd and has given rise to

several interesting co :‘Hr" :; ‘Babiker et al., 1991).

A &:‘.::‘-:;‘.:::.:::;:-;.;_'.:.:;;',-- investigated by PFGE

X

’,J 1alysis. Unfortunately,
4

analysis were ﬁxn :

this work could pot be complehed because of the faulty Hybond-N

e FL T L O Tt T A,
T “fii""‘fa it

From & hvpothesis that the mechanism of pyrimethamine
resistance of P. falciparus may be due bLo DHFR-TS gene
asplification, one nitrocellulose membrane was probed with the

radiolabelled DHFR-TS gene. If the gene in the resistant clones
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had been amplified, more DHFR copies in their DNA would have

been detected than in- the DNA of the sensitive clone. This is
because equal amounts of DNA from each parasite were spotted on
the membrane. Different intensities of the signal, however, may
be due to the KNA contamination in crude DNA preperations,

resulting in the differen ities of total DNA remaining in

crude extracts cannot

Quse jt was degraded hy
f \\\E = loaded

the each spot

interfere the res

NaDH solution 1/

To 11y in this

M\\. oli. pepbrane was prepared

\\\ v cnu]d the g-tubulin
b4 '\'\

gene be wused ' -- control but elso imply the

experiment,

and probed Wit

quantity of copies - —BHFR ?, "ﬂf as a consequense of the

report that the as & con ingle s-tubulin gene in
P. falciparum LMol lovay et al Y )

Tl
another gene , rep 20

Compare to p-tubu

—— e g 1y e e e

provide species- speclfic probe. However, hybridization

G PP OUA Y 2EI e oo

variable. Moreover, these sequences resided on all chromosomes

N gene,

of P. falciparum separated by OFAGE (0quendo et al., 1986).
In contrast to the other report , some clones of P.
falciparum were devoid of rep 20 on one or both ends of

chrorosopes 1 or 2 and it is also evident that blocks of rep 20



varied in copy number (Corcoran et al., 1988). By this criteria,
rep 20 sequences should not be served as & good control probe
in this studv. Wwhen the digests of DNA extracted from 4 clones
of P. falciparum was probed with ribosomal RNA fragments

¢ APfrib2 ), the- same hvbridization patterns were demonstrated

idDquendo et al., 15531'. It is obvious from copy analvsis that

each of the 4.4 A fragments of P. falciparum

was presented approvimal .‘ 4i per haploid genome, and

that tLhere was genes (Langsley et al.,
1982, Ribosonn i fgtne_gould alse { a control DNA probe by

its constant ed ahove, nevertheless,

only one p-tubu ﬁm; ound' in P. falciparum, thereby
resulting in easig erpret.atic \\ RNA probe.
Furthermore jtens i) fferences may be discovered

owing Lo an i of probe. Thus, equivalent
volumes of -__——m"'\ “fwere dot blotted in

duplicate onto anh pembr 0 ensure tgreprnducihle result.
ﬂnﬁtinty on @khe fiters quantitated by liquid
scmt.ﬂlﬁu Y] Ejnjw E'I:’]ﬂj applification in
Lba quawﬂ? ﬁpfq w ﬁ( in contrast
to 9the previous evlw Some inves gat. rsa[ve indicated
that an  increase in pyrimethamine resistance of P.
falciparum (Inselburg et al., 1987) or P. chabaudi (Covman

and Lew, 1989) may involve duplication of the DHFR zéne. However,

an early report by Inselburg et al. (1987) was later shown that
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an augpentation in pyrimethamine resistance was caused by
a contamination of another clone (Tanaka et al., 1830). On
the other hand, my result is consistent with Chan et al. (1989)
that the resistant (HB3) clone had the same number copies of
DHFR gene as sensitive (2D7) one. Also, it confirms an earlier

studv iSnewin et al., 1983),that the high level of resistance

. A
in P. falciparum isis ng ‘;/ f #ene applification and there

R+ Tﬂin both pyrimethamine-

arasites.

is a single cop

sensitive and pyrimg
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