CHAPTER IV -

RESULTS

1. Pulsed field gradient gel electrophoresis

The DNA bhand separdys PFGE were ident.ified by their

positions in Lhess - ‘ i'erred to as chromosomes,

thoueh tLhe g af :\ in Lhe bands has not heen
\Q\ \:\\\\

significant]ly o raf@nPedS ko x{*

\\x,\.

described in o e . 1 BronoSOues in this dissertation

the preceding work as
vere also numhegfd § _' hE % P he largest.

y [ | Pulsa- oI

Initigllydttenpts s o resolve the chromosomal

DXA from PL7d f$f phore electrophoresis

H |
(LKB» with pLJ‘LEd electrode  array. THis experimental eletric

field EJ iv.l g %ﬁz‘] ble inhomogeneous
configuraq'ﬁn Smi j A (Curle and Dlson,
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nig fate in a curve manner, thus limitting the number of samples
that could be applied and preventing comparison of tLhe
chromosome sizesifigure 10.1). Subsequentlv, the same equipment.
wiLh- 2 new hexagonal eleclrode array vas used. Up to 9 bands

vere shown Lo run in a shraight lane but only Lthe four smallest
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chromososes were clearly seen (figure 10.2 and 10.3). This
uniform wobility faci}itated quantitative comparison of the
bands from different tracks on the same gel and, of course, from

different gels since a size standard vere loaded on each gel.

¥ith the (agon | ghficuration of electrode and

inproved conditidfisasEs pu é least. 11 chromosomal DNA
hands vere (

i ies and molecular sizes

The
of chromosome-si aThersw S.\ BerByisise, are presented in
fieure 11. \F:-ssnent of the chromosomal

DNA sizes of al, s obtained by comparine the

relative wmobilities of pe omosomes (figure 12) to those
of wveast """“"""“—l,?‘

A ref :: o, Ha'lloaded on to every gel.

The band vwhichfmdgrated farthest from the slot was the smallest

v UELAN HILANELANT crmssnes sers
oL MGG M) -

chromosome' in this studv vas denoted chromosome 11.
Some chromosomal DNA mavy nol be resolved with this
runnine conditions but be fused into a sinele bunch. The

negative films from all of the gels were, Lherefore, scanned hy
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densitometer to observe locations of the chromosomal bands,
tonly a part of the dgt.a is shown). Eleven peaks displayed were
congruent with the 11 chromosomal bands pentioned above (figure
13y, In figure 13b ten peaks are showns it was likely that.,
however, the fifth peak should correspond to 2 bands ii.e.

chromosome 5 and 6. This, ,is because all clones from the same

ed ? chromosomes at Lhat size

'ésitoiehrin Lracine of T9/

parent. T9/84 tesled
range.This was

84 S300/200 e ey ~“~»:.~.rﬂl mosomal DNA hands called

chromosome 6 ralfead® ecak \\"-\_ S, suggested Lhat 11 bands

\ \

\\'\“*«. aminime] estimation of the
N

\\
‘ TE Was

proposed in g

total chromosomefu

& "
i L (1€

\

polvmorphise amon ’ _njf:{-iw :5 hown in the following results.

1t is a chromosome size

2. Chromoson i':

] |

o ﬁﬂarasite cléwes stemmed from a single isolate,

chrnuusﬂﬁi' ’Janﬂng mﬂ:la‘in this study 12 P.

%alﬂﬂifﬂWﬁﬁ ,ﬂ aﬁ and F85 ii.e.

T9/84 ; K31 CB2,...,K31 CB7 3 33,..,,ﬂ ;ﬂ sﬂ FB5 VO15)
vere analysed for chromosome polymorphism.

(1) For isolate K31, 4 clones i(CB2Z, CB5, CBE, and CBT)

vere exapined «figure 10.5 and 10.100. It was found that

polvmorphism was evident in 2 of them (CB2, CB5, CBE) whilst the
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karyotypes of K231 CB7 and K31 CB6 were similar. The degree of
differences was not so great. Chromosome 7 of K31 CB2 was larger
than that of the other three clones of K231. 1In contrast,
chromosome 4 - 9 of K31 CB5 was somewhat smaller than those from
the other clones of Ki1.

For isolate 27 clones menifested chromosome

e 10.2, 10.7, and 10.8). The

sizes of chronoSgREsete0 dﬁbﬂut 600, 2800, and 4100

kb rpspectiva]g/ \\ isolate 27 and clone C5 were

sierilar whereas \ % saal]er A substantial

\

\,\ \ reposome of the clone B3;

variations within the

distinction
its size was ps as large as the other
Chinese clones an the ninth chromosome of
B3 was Lhe large , ed ¥ to chromosome 9 all clones

Wi orphism within this group,

studied here.

karvolvpes -y - ifate designated 27 were

l
{

alike but diffe ,- nt fro 2 c1onk

g ‘ {ﬂe WEre.a n shown chromosome
size vaﬂus 3ﬁbﬂ a}lﬂ 2 identical clones
“ARININTN IR INYIA Y

9 For isolate T9, only one clone (T9/94) was investigated
and its chromosomal profile was different from that of clones
from isolate K31, 27, or FA5.

i2 Four additional subclones of T3/34 (RC1, RCZ2, RC3,

and RC4+ were alsno analvsed. Negligible differences were
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revealed among these subclones (figure 10.5, 10.6, 10.10, and
10.11). Compared to the parent T9/34, chromosome 7 of both T9/94
RC2 and T9/94 RC3 were slightly different, though they were in
the range of seventh chromosome of T8/94. The first chromosome
of T9/94 RC1 was rather smaller than that of T3/34. All

chromosomes of T9/84 RCA imilar to the perent clone.

from T8/%4 were also

studied. These in vitro nulagenesis

of To/84 follow slection. All of them

possess  Lhe t.hat changed from

sensitive Lo i

It was dne which was mutacenized

hy EMS -T9/94 5 fomosome 9 was larger than

hlt.h[_h ipet.hamine MIC value as T9

iif Jclones denominated T9

/94 S300/300 4

| -
/94 (M1-1) a J‘ and | T9/94 (M1-1) aB were

oot ) AT AW B R

vhich ha@§] M1C wvalue o times han° the three clones

A AN FO I T TE B

pargnt clone ifigure 10.3 and 10.9).

Tgfﬂﬂ g ' B, a L]

another group of mutant clones named T9/94 (M1-1) bl, T
/o4 (M1-1) b3, T9/94 iM1-1) hE; Te/94 iM1-1) b6, T9/84 (M1-1) ha,
Tg9/94 +M1-1» bl0 , and T9/94 (M1-1) hid vhich were mutagenized

hv MNNG exhibited more or less the same karvotvpes except TH/84
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(M1-1) b6 and T9/94 (M1-1) bil4. Chromosome 9 of all these clones
vere similar to each_ other but different than that of T9/94
(figure 10.4, 10.5, 10.6, 10.10, and 10.11).

(a) Comparing polymorphism among P. falciparum
isolates, karvotype of clones from 4 isolates were exhibited

chromosome size variations.

One  isolate pnes from China menifested

chromosome varial 1 clones from Vietnam and
Thailand. The 0 and 11 of all Chinese
strains was udied here.
Compared i, clones, that of isolate
27 and clone that of B3 and CE were
smaller. Chromosoe ;u!f" '3_ ¥z :» NFB5 V015 were larger than
all clones tested

A significs J%'*r was shown by the Lhird

chromosome Of Zbput. 1050 kb which was

as large as thlq;ena . aiji¢lones.
L i

Another @asiation was shown by Lhe seventh chromosome of

e G UEANENITHENL T e e
ﬁ’i‘aﬂ.ﬁ? B YHIAY. . ..

coepared to ninth chromosome all clones studied here. Chromosome
8 of four sensitive clones (called K31 CB2, K31 CB5, K31 CBSG,
and K31 CB7) from isolate K21 were unlike chromosome 9 of T9/94

from isolate T9 (figure 10.5 and 10.101.
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Four clones from Vietnam were demonstrated the largest
chromosome 10 and 11 when compared to those of all clones.
Both chromosomes of 1 isolate and 3 clones from China were

spallest when compared to those of all clones.

9. Chromosome 4 polymorphism

: uéﬁilnta and 28 clones of P.

y -rph1=l vas also shown.

Taken chr

falciparum into

The fouft its 4 subclones (RC1,

RC2, RC3, »¢. Similar observation

was found in putagenesis of T9/94

followed by py

and a9 although i# 4 py g amine susceptibilities changed

from sensitive Lo interdes _ﬂ, istant.
ol ; £ i

A (@AY --.-_5'—‘-,'-‘ ,having the same

u\ ‘

JJ
nlso 1dent.1ca1 ‘;.o the parent. T9/94.

Ly

pyrlnethnllne as T9/94 »(M1-1) nl a2, a6 nnd a9, the fourth

WAL BT Y1 2SR R Bt o

T9 #54 followed by pyrimethamine selection [T9/94 (M1-1) b3, b5,

pyrimethamine al, a2, and a6 , was

bg, bi0, and bl4] were slightly larger than that of the parent
T9/94.In contrast, T9/94 (M1-1) bl and b9 demonstrated the

same chromosome 4 size as in T9/94. Nonetheless, T9/94 (M1-1) be



and T9/94 (M1-1) b14 no longer contained the T9/94 chromosome 4.
It was apparent that the fourth chromosomes of both clones were
larger than that of parent and the other mutant clones. In T9/94
(M1-1) bB there wasa tendency to fuse with chromosome 5 and in
T9/94 (M1-1) bl4 chromosome 4 was proximal to chromosome 5.

gsizes of the fourth chromosome of 4 pyr" clones from

isolate K31 exhibited a pelymsorphism. Compared to that of T9/94,
chromosome 4 of K3 12 was O Feprwhilst that of K31CBS was
smaller and those of 1§ ohe and K8 7 Were the same.
=~ China which had a
pyrimethamine chromosome 4-sized
polymorphism W oW £ LED] 7ni’ Cc5 clone were the
largest in this »
Chromosome Vietnam which were the
most resistant to pyrii ¥ his study, showed the same
positions in - one clone (FB5 V03)
was larger. ‘( : V’V“J
To rens‘mre chromosome 4 lncnlant.iun, the gels were

et PR AT o e

filters vé¥e then hyhndi‘;ed with HFR-TS pruba. Unfortunately,
the %w’]ﬁ ﬁ&ﬂi‘i{u quq% Hf}ﬂ nElu inherent
prt::-hln of the membrane (see Appendix IID). Nevertheless, one
autoradiogram from the gel in figure 10.7 showed the
hybridization pattern of DHFR probe in fourth chromosome (figure

14).

55
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4. Dot blot analysis

To test the possdibility that DHFR gene could be amplified,
thus causing overproduction of the enzyme in the parasite, dot
blot analysis were used.

Measured amounts of the DNA from both the T9/94

(pyrimethamine-sensit i: / d TM4 CB.2 (pyrimathamine-

intermediate res} clon spotted onto MHybond-C

---ii
agment.. In addition, T9

\\\ i were the mutants of 2
ANNN

clones mentioned gal bested. As a control for

pmenbrane and p

/94 (M1-1)

quantity of \* loaded in this

experiment, Lhe il - \- "-‘- ot membrane was probed

with P—t.uhulin gel ! not be expected to vary in the

= I
t’w

amplified, ‘gdre I opies in it8 SDNA would have been
- .

anticipated to : _ -[-;r clone.

in the pyr~ clone had been

Dot blut.‘.nut.orndmgrus prepared with genomic DNA of 8

santes bl i) B Vb B4 Biseasve amn v

calparlspns were obtaiwed by uging a liquid scintillation
:uﬂtﬂ ’:l'aeq nim ;JM:::];J m&;n:alﬂhe amount of
DNA corresponding to the DHFR genes of T9/54 and of TM4 CB.2
was found.

The amount of DNA in the DHFR-TS gene in clones T9/94

and T9/94/M1-1(b3) which differ in the amount of DHFR-TS enzyme
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produced (Thaithong, S., personal communication), therefore,vere
also cﬁ;pared. The ratio of DNA from DHFR gene ap—tnhulin gene
is rather similar when T9/94 (0.31" and 0.39) and T9/94 (M1-1)
b3 (0.33" and 0.42) are used as source of DHFR . Compared to
the copy number of DHFR gene in T9/94, that in T9/94 (M1-1) b3

had a wmean value of 1.07 (1.08" and 1.08). Thus, it is likely

that there was no amp icatign/uben the mutation from T9/94 to

T9/94 (M1-1) b3 tnt_'u

from TM 4 C8.2 to TH 4

C8.2/4.1710.1 ,here was no amplification.

The proportion 4 C8.2/4.1/10.1 clone

compared to kewise, it is indicated

that Gthere was ‘ o LT o e he mnutation from THM4

€8.2/4.1/10.1 to TM4

]

i
|
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a"”*Hﬂ from 1 isclate and

For comparison,

S. ceffevjs ' Was dsed. :h b” ure 10.1 the DNA was

apparatus with pointed

electrode afTas 1 in Tigure 10.2 and 10.3 tLhe

B'if

- -

il :
YA wss fractionated by CHEF
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®io-Rad) apparatus.

’ apparatus but with

hey g Be# figure 10.4-10.11,
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Phpompsnne pattegns of T3/94 and T9/94 S300/200,

‘ -:‘.;V" L B 5 a3
ARtiAn ige febidith ong weBel 320 yoltafor 24 hr at 16 ¢

with pulse® time of &80 sec. Coedarison between
PHTﬁmnﬂﬂﬂf-4 P Y bards¥ was™hot Yd1¥ved due to

curvature of the Lracks.
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" Figure 10.2 F#rﬂnns&mP pattPrnq of one #%ineqe isolate and its
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conditions E,‘ETE 150 hn]i for ?2 hr. 20 min at
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DNA of Lhe Chinese isolate and clones here show nn

vat.iation.
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T9/94 [HI—'J blg

T9/94 (M1-1) al
T9/94 (M1-1) a2
T9/94 (M1-1) an

T}
-
-
=
I
—
=
—
-
o
Sy
o
[ =

e USRI AT o

ad and TgIQ4 iM1- 1! b14 . Runni condit.ions

ARTANF SUUBATN Eﬂ@hﬁrlme ine of

200 sec. The first bhands of all the mwmutant
clones which disappeared from the gel in figure

10.9 here are all alike.
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Yeast
T4/94 S300/300

T9/94 (H1-1}) b9
T9/94 (Hi-1) bl

T9/94
Te/04 (H1-1) bl
4 (M1

94 (H1-1) b5

G | WJT‘W B NIe  re me

clones. E]ectrophnresls wvas used fnr 120 hr with a

AR AGRTRIIAT NN G v

each block of sample was cut in a longitudinal

sect.ion. Only the First 4 bands can he seen.
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Figure 1 W[fw ]jﬁ d its derivatives
U cn:pnred to 4 subclones of he pu]se t.ime was

MR TRANT TN

72 hr to showing the 4 smallest well-resolved bhands

and intermediate-size chromosomal hands.
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B -
Figure 10.8 Jhrﬂmsume patt.erns of parent T9/84 clone, its

A B YN B Fore 0 s

time wvas l*d hr with &!se time rnwgd from 180-800

A WO BEUAN A Bl G b oversonaing

of DXA samples.
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clones iTable 17, Running time was 120 hr of the

same pulse Lime as Tigure 10.6.
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Figsure 10.8 Chrémesome patterns of Lhe same samples as in
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T9/94 (H1-1) a9

T9/94

T9/94 (Hi=1) ab

To/94 (M1-1) a2

CH1S0RS2
CHISOR/6
CH150/7

T9/94 (H1-1} al

b~

1 Q
Ficure 10.9 L‘;lunnsnne paLLerns of parenl T9/94 clone and its 4

ﬂ‘LJ'EJ"ﬂ ahiwalisaliw ACHE

Running cond‘:t,mns were ident.ical u those of the

A MIATUURIIN ma e
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cHrémosome pattépns of a duplicate set of DNA

m’g nﬂMiwﬂami PFGE conditions
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Figsure 10.11 Qmosome at.t. s of parent T9/94 clone and its

ﬂ uﬂ (J mﬁlﬂﬁfﬂ]ﬂ f}ﬂrﬁach sample hlocks

lnaded q‘esult.n}g':h hetter res@ut.ion than the
q W/—] aiﬂﬁm Mw q wnﬂf]saqgl the first
chromosome was not lost hecause Lthe runnine Lime

was reduced to 137 hr.
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Relative mobilities
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AL least 14 chroensomes was obserwed.
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This egene was found in chromosome 4 of the parasites.
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Fisure 15 Dot, bl analvsis. oBHFR-TS gene content, of & samples

ﬂuEJ_’.] RIS NYANT: e arrrn

MIC values fBr pvrimeth@mine (Table @ vas compared
QRIANG A A LANETAL s

e pl labelled DHFR probe. (bh' DNA on the control
filter was hvbridized to I[a -”p] labelled p-

tubulin probe.
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Table 3. Liquid scintillation data showing the radioactivity

from dot blot of P. falciparum DNA

Clones ' DHFR };l-t.uhulin DHFR/ ﬁ-tuhu]in

T9/94" 0.31
T8/94 M1-1 (har" D, 3%
TS84 0.28
T9/94 M1-1 1ha) 0.42
T4 CB.2 0.53
TM4 CB.2/4.1/10. 0.51
“ Two DNA ! *ﬁ‘j ‘;igﬁ ied by centrifugation with

et.hidium }
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