CHAPTER 3

RESULTS

1. Extraction of DNA from P. faleiparwn

The DNA used in thisys yame from erythrocytic forms of

itro, using phenol-chloroform

ﬁlvaﬂ in TE buffer was

analysed by masuy sorption &y rum from 190 to 400 nm,
bl 2

ation was determined by

was equivalent to "‘zaﬂ was in the

range of 1.8-1.9. : -\ asmodial DNA is shown in

figure 4. When the exgraces a lysed by agarose gel

electrophoresis, it mnsé _ gment greater than 23.5 Kb (figure

e

5). The extrar:.‘ Hind 111, Sal I and

EcoRI. and analy V digente-l ~DNA sample:r B

except that diges!.mi with Sal I showed a mﬂed background with discrete

bands super ? ﬂ ad a repetitive DNA
components. ﬂm 5 seed mh ' .+ +GAATTC:: .3"),
AT-ri ﬁJ ents than

Bam Hﬁ.’r sae m.mg enzyme ﬂﬂj recognized GC rich

nucleotide sequences could digest K1 DNA to a limited extent (Figure 5).

2. Pattern of restriction enzyme digested DNA used for cloning

DNA of P. faleiparum isolate K1 was digested with EcoR I* and

pUN 121 plesmid vector was cut with enzyme EcoR I. Restriction enzyme
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Gel analysis ofP.f@l@fparum DNA after digestion with
‘ 4 _‘.J 1;\.:_',_

restriction eﬁé&m&s‘ Two minrngfams of DNA was used

-

Y

in gdch lane. .DNA was Electrﬂpé;JESPd on 0.7% agarose
gel ag 50V, 6hr. -

The gel €ontaimed.in

lane ¥y 8Y: "thé=sizé marker,” A DRA digested with Hind III
lape 2; 9 Kl DNA uncug

l'ane 3. 10:"KI "DNA digested with Bam HI

lane 4, 11: K1 DNA digested with Hind III

lane 5, 12: K1 DNA digested with Sal I

lane 6, 13: K1 DNA digested with Eco RI

lané 7 : Bam HI digested pUNK1-45

lane 14 : Bam HI digested pUNKI-34
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digested DNA was characterized by electrophoresis in 0.7% agarose gel.
The plasmodial DNA digested with EcoRI#* (figure 6 ; lane 7, 9) showed
more intense staining regions in the size range of 2.1 KL to less than
0.5 Kb than DNA that was digested with Ecuﬂi (figure 6, lane 6, 8).
However in one preparation (figure 6, lane 5)y there were no differences
between DNA digested under cn;l&itiona to generate EcoRI* and that for

normal EcoRI cut. The sample in lane 5 was not used in further experiments,

The digestg \ gure 8, lape 7 and 9) and pUN 121

vector digested wig oR1fwei e ligatad T4 DNA ligase. The
recombinant DNA ligdtigh cevand pUN 121 self ligation product were

‘- TP N " \l“ 3
analysed on 0.7% agagbs ﬁiﬁ‘ gure -‘ EcoRI digested plasmid pUN 121

. A

exhibited single band f ; "Sedf ldgated PUN 121 products consisted
of 3 bands, that of H.n, dght band between 9.7 and 6.6 Kb),
circular dimer (- Aband betweer and 9.7 .j and polymeric forms

LY

(band larger than 2 product of pUN 121 Eco RI and

Kl EcoRIl* (figure lm ‘4, 5, ﬁ} showed smear patterns of fragments

larger thanﬁﬁﬁ%ﬁﬁ% Wﬁﬂ ﬁéa‘en the fragments occured.

W iaﬁﬂ‘im UA1INYIAY

fThe ligated products of EcoRI*-digested Plasmodial DNA and
EcoRI-digested pUN 121 were transformed into E, coli by DMSO method.
DNA library in E. coli of approximately 20,000 colonies were obtained
on tetracycline plates. This library was large enough to ensure that
more than 99% of Plasmodial genomic DNA were represented. This was

In(1l-P)
based on calculation using the formula N -Tn{l_-f')-‘ where P = 0,99,
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Gelh_aé&l‘;sis of P. falcip:;rm Dhéjufter digestion with

!Lt;l‘

restfic.ion endonucleases, EeoRi End Eco Ri*. Two microgram

of parasita DNA was used in Eacﬁglane DNA was electrophoresed
azn ﬂ ‘.’I sguwae 3&1 at m, 3111:1 T}'he gel contained in

Qhne 1 : the size marker A DNA digested with Hind III

(1 A )N 1)1‘1& dpégtea w;ti: E&RN) A £

19 N
lapa 3 : A DRA digested with EcoRI"

lane 4, 6, 8 : K1 DNA digested with EcoRI*

lane 5, 7, 9 : Kl DNA digested with EcoRI*®
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lane 4, 5, 6 : ligated PUN 121 Eco RI-K1 Eco RI*

Fig. 7 Ethidiuf bromide staitﬂ.ﬁﬁf ligated rndunt.

ted with Hind III
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with total genomic DNA of Kl probe. The specific activity
of radicactive probe was #xlﬂ? cpm/pg and lﬂﬁ cpm/ml of
radioactive probe were added per filter. Colonies with

strong intensity signal in autoradiograms were selected.
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with total genmomic DNA of Kl probe. Duplicate colonies

were grown on nitrocellulose plates.
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f = size of P. faleiparum DNA piece (4 kb)Y P. faleiparum DNA genomic
size. {lﬂ? b). The transformation efficiency (number of colonies per
pug of plasmid DNA) of recombinant DNA was ﬁ_xlﬂﬁ colonies/ug and

transformation efficiency of control pUN 121 was 1:{1{1!:'lr cnilnniesfug.

5. Colony hybridization

Twenty-thousand trar

'\\\'.
ose. £ 8 0dehybridized with Kl genomic
—

' @mls (figure 8) with the

on tetracycline plates were
transfered to nitrocell
DNA. About 400 colonfTes pio

prche.
These 400 Col * pieked v \ uplicates were grown

\

radiolabelled K1 e : : s compared with colonies

on nitrocellulose hen re-hybridized with

containing Rep 20 Now.only fifty-three
colonies gave signals ger than that of pBRK1-14 and

similar in intensity t

)
The rem:nhi lasmids frém these 53 colonies were extracted

A mpmﬁim w0cthEohl 1o I ehed FA Rasmtos checkea o

0.7% rose e.].s (data not sfown). TheSe recombinafit/ plasmids were
o SN eIN gAY

pla.smids pUNK1-1 to pUNK1-53 were then cut with BamHI. All digested

6. Characterizaticn ¢

J

ted recombinant

plasmids were electropﬁuresiad on 0.7% agarose gel (figure l0a-f). TFrom
the data, it was clear that each clone contain an insert of different
size., The size of the recombinant plasmids and inserts were estimated

from a calibfation curve of mobility versus molecular weight (table 3).
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Ethidium bromide staining pattern of the digested
plasmids on 0.7% agarose gel. pUN 121 and pBRK1-14

were used as control.
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plasmids on 0.7% agarose gel. pUN 121, gERK1-14 and
Rep 20 were used a; positive control, Nl and H2 the
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Fig. 10 e, f
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Autoradiograms of Southern blot hybridization
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Fig. 11

The specific activity

with Kl genomic DNA probe.

cpm/ug

7

of probe was 2 x 10
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Fig. 11 ¢, d Autoradiograms of Southern blot hybridization

with K1 genomic DNA probe. The specific.

activity of probe was 2x10’ cpm/ug
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Fig. 12 Ethidium -nﬂ&ﬁ&e stsiﬁiﬁ& pattern of digested plasmids
which give strnnglsignal fﬁftigﬁre L5 comparimg with
b L '
e = e -
PJ"E'. - -ty -ty =
¥

lane IjRep 20 digested with ﬁin&*l]l lane 11 pUNK1-32
Ly ]

i

lane 2 pBRK1-14 lane 12 pUNK1-34
lane 3" pUNK1%2 l1éne 13 pUNK1-31
lane 4 pUNK1-4 lane 14 pUNKEl~43
lang 5 pUNK J-} 1ane (15 pUNR1-45
lane 6 pUNK1-8 lane 16 pUNK1-51
lane 7 pUNK1-16 lane 17 pUNK1-37
lane 8 pUNK1-18 lane 18 pUNKI1-38
lane 9 pUNK1-22 lane 19 pUNK1-39

lane 10 pUNK1-25
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Table 3 Size of recombinant plasmids

Recombinant plasmids gize (kb) insert size (kb)
pURK1-1 12.7 8.3
pUNK 1-2 6.4 2.0

pUNK1-3 3.2
PUNK1-4 3.4
pUNK1-5 3.9
PUNK1-6 1.8
pUNK1-7 2.6
pUNK1-8 2.6
pUNK1-9 3.0
pUNK1-10 1.1
pUNK1-11 1.8
pUNK1-12 2,0
pUNK1-13} 3400 1
PUNK1-157 2.2
pUNK1-15 I 2.9
“ﬁ‘ﬁEJ'JVIEJ'VlﬁWEJ']ﬂﬁ =4
UNRL-17 _ 2.5
RN TAI NN 6 B
9 punk1-19
pUNK1-20 5.0 0.6
pUNK1-21 5 5.5 1.1
pUNK1-22 7.3 2.9
pUNK1-23 5.1 0.7
pUNK 1-24 5.0 0.6

pUNK1-25 5.0 0.6
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Table 3
Recombinant plasmids size (kb) insert size (kb)
pUNK 1-26 6.5 e
PR 6.2 ;.
pUNK1-28 10.7 i
pURRL=2S 6.8 24
PUNK1-30 4.6 pat
B 5.1
pa— 9.6
PUNK1-33 -
i 2.1
d 5.6
PUNK1-3 i3
P 5.4
pUNK1-38 .
PUNK1-39 154
PUNK1-40Q SR kY
g ;— X 9,2
PUNK1-42 '!| - 5
pUNK1-43 ¢ o, e

mﬂumwﬂmwmm
aimmmmum:mma&i

pmx-w & o
PUNK1-48 - =
pUNK1-49 5.5 =
RN 6.1 1.7
PUNKI-51 - et
e Tk 2.7

pUNK1-53 7.5 . -
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Seventy percent of 53 recombinant plasmids contained insert size of 0,2-

4.0 ¥Xb (figure 14)., The smallest insert was 0.2 kb (pUNK1-30) and the
largest was 15.4 kb (pUKK1-39), 1In order to identify the fragments

that specifically contain repeated elementst, the gels were blotted and
hybridized with total K1 genomic DNA (figure 11 a-f). The racamb:i‘.nant
plasmids pUNK1-2,-4-7 (figure lla), Q«UIKL—IE:;EZ(ngre 11b), pUNK1-32 (figure

11C), pUNK1-34-43:-45 (figure 11d), pUNK1-51,-39 (figure 112) were selected

based on their strong int ed to pBRK1-14, The recombinant

plasmids from figurel , because of they did not

show any intense 7 \

All selecte i netp) asmd & were, digested with BamiI and
DNA probe (figure 1:‘2:},H
The recombinant plas o l,qh‘ I 3 ', =31, -37 and -38 from
figure 13a-e vere use ef Hegstivedontro . The plasmid pUNK1-32, =34,
ilar intensity of their

bﬂ-ﬂds 't-D R'EP. Eu-

T cDmpariﬁnn o ~£T——gx :fi emids

' -

Purified pmsmi&s (10 and 2 ng) of pﬂ(l—:ﬂ, -34, -43, -45, =51,

¢

pBRK1-14 an uﬂWWm and hybridized with
sy

K1 genomic DNAj probe. e data showe at pUNK1-34 and pUNK1-45 had

¢ Q/
strunaq Wd‘lrarqﬂ?mw:ﬂl?m'jiﬁ Hever, all spots
were wegker than those of Rep . The plas P -14 failed to show

any intensity (figure 15), Kl genomic DNA cross hybridized with 5 ng of
DNA of P. cynomolgi, P. knowlesi, P. chabaudi, P. vivax and man, but

not of An. dirus. Fifty and five ng of purified pUNK 1-32, -34, -43, -45
and -51 did not hybridized with mixed DNA of P, vivax, P, chabaudi,

P. knowlesi, P. ecynomolgi, An. dirus and human. One hundred ng of each
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DNA were used as probe in dot blot hybridization experiment (figure 16)

-~

The positive control was 5-1 ng of the DNA which was used as the probe.

8, Detecting parasites in blood stage

E. coli clones containing pUNK1-32, -34, and -45 were grown
and their plasmids extracted. They were used as probes to test to

detect 20 pl of mdlaris .4inf

is infec ’ uman blood. The filter was also spotted
with parasite and human ‘ A,

After 48 hour 7 Wnts using serialy diluted
parasites showed \ x10" parasites, equivalent
to 0.05% parasite lood cells) based on
5x1t}g red blood celdl ] ) f‘.-.: Ihe pUNK1-32 probe was

nd 12.5 pg of pUNK1-32,

Probes pUNKI-34 andi V‘ ild detect 53103 parasite,
equivalent to 0.005% par - gure 18-19). The pUNK1-34 could
detect 10 ng of R, fale: e’ DRt g ﬁ plasmid pUNKI-34, On
the other hand \‘V— 4 intense band with pUNK1

=45 probe, whichﬂmld detect 6. PE plasm'] PUNK1-45. The specific

e I IREn

Rega ing spacificit% of the recnmb:[nant pn:ﬂ:u}s, pUNK1-32 did
= AL AR B o
ckabaud P. knowlesi, P. cynomolgi DNA {spol:ted as a mixture of 300 ng)
(figure 17). The pUNK1-34 did not cros—s—hybridizatiun with 100 ng DNA
of human and P. knowlesi and P. cynomolgi (spotted as a mixture for
200 ng) but did cross-react with 100 ng DNA of P. crnabaudi (figure 18),
The pUNK1-45 probe did mot cross hybridize with 100 ng of human DNA,
100 ng of P. chabaudi, P. knowlesi, and P. cynomolgi (spotted as a

mixture of 300 ng) nor with and 100 ng of 4n,dirus A, B,C, D (figure :19) .
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Fig. 15 Auturad:lugr D, hybridization of recombinant

plasmid pUNK1-32, pUNKI,34, pUNKI-43, pUNK1-45, and pUNK1-51
'v-'- |j‘ril

with i'l . DA probe . The specific
]J

activ t.y of probe was 3::10? CPm/HE»

ﬂ’ﬂmiﬂﬂﬂ‘?w‘gﬁﬂj pUNK1-6 were negative

%ontrols, other plasmndial DRA. An. &:.ma DNA, and human

M R WITIHTR Y™

lng and 100 pg of Kl
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DNA were bloted as positive contrpl., The specific

activity of probe was about leﬂ? cpm/ug
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blood and sporozoites which were removed from mosquito's

glands, with pUNK1-45 probe, pUNK1-45 and extracted Kl
genomic DNA were blolfed as positive control. The specific

activity of probe was about 3x1ﬂ? cpm/ug,
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9, Detection of ococysts and sporozoites in infected mosquitoes

pUNK1-34 was used as a probe to detect sporozoites which had
been removed from the saldvary glands of infected mosquitoes. Dot blot
hybridization showed that pUNK1-34 could detect 1000 sporozoites. The

sensitivity of the probe was at the level of 3pg of.pUNK1-34 (figure 20),

it could detect 1000-5000 sporozoifess” (figure 19 and 21), In addition,
pUNK1-45 was used to Fbo tstnites in homogenized
mosquitoes et 8-9 dayss® '_ j hges ting Infectious P. faleiparum

gametocystes. The g At arter of @bdomen and sporozoites in
\ 'y 15-23 post-ingestion of

)

P. faleiparum gametoghysEe yses were detected in half of An, dirus

a head-thorax part ¢

abdomen and sporozoitg guarter of head-thorax part.
: 3

Sensitivity of the prol eliof 6.2 pg of plasmid, 0.1 ng

of extracted K1 DNA. By wsiz @dirus mcsquitoes as negative

control, there : jecdeen pUNK1-45 probe and =« "

An, dirus DNA in V

In order to #oafirm the hyhrddization reaction between pUNK1-45

and the par%tuﬂ%mamﬁma&ﬂ5 as used as probe to

detect sporozoites in each irfected mosguito's salivayy gland. The
resultgq [ﬁgﬁiﬁ &ﬁm un%(’aﬁnﬂ :‘]Ia c&lﬂetec; :poro'zaitea
in 1/10 of a gland in 5 out of 7 samples of infected mosquito. The
sensitivity of the probe was at the level of 3 pg of plasmid pUNK1-45

and 0.1 ng of extracted Kl ‘genomic DNA.
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6.2 P
P. knowlesi 100 ng
3.1 P
= cynomolgi 100 ng
1 - Human DNA 100 ng
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Fig. 20 torndiagram of slot blot hybridizatiqupf sperozoites

Q w "u]ia ‘&ﬂ ?w% walq&ﬂaﬂq a H K1-DNA were

‘blotted as positive control. The specific activity of

probe was 3.7x10’ cpm/pg.
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Autoradiogram of slot blot hybridization of sporozoites
and cocysts in homogenized infected mosquito, with pUNK1-45
probe, pUNK1-45 nn& extracted Kl genomic DNA were blotted
as positive control. The negative control was two An, dirus

DNA. The specific activity of probe was 3.2x1ﬂ? cpm/ug .
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Fig. 22

Autoradiogram of slot blot hybridization of infected
mosquito's salivary gland with pUKK1-45 probe., pUNK1-45
and extracted K1 genomic DNA were blotted as positive

cnntrﬁl, the negative control was noninfected mosquite,
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10. Southern hybridization of P. falciparum DRA with recombinant

probes,

P. faleiparum 1solgte K1 was digested with restriction
enzymes Bam HI, Hind III, EcoR I and Sal I. The digested DNA-was
then separated on 0.7 % agarose gel (figure 5) and blot transfered

onto nylon membrane filter. The gel shown in figure JA was hybridized

’,%ra 5B was hybridized with
‘—

HI EcoRI and Sall and

ed hybridization pattern

with pUNK1-45 probe and t

pUNK1-34 probe,

P, faleiparum k
hybridized:with pLNK
ranging in size from 23, lanes 10, 12 and 13),
However for Hind I1I digésfton/ alsdngle\b »\ of 5 kb was observed.

The incomplete digestg s positive control.

Using pUNK1-4 dization patterns obtained

were smeared (figure 24 ad frngments showed a broad

band of 23.5 kb.7 4 —-,) b were observed for

v

Hind III :Eragmntuﬂ i showed smeared band

of about 50 kb. The‘h bridized ban&of EcoRI digested fragments showed

ﬂn%tl b Y BIATH R o o 720

The 1 cowplete digested pum1-45 was used as pusitive control.

e oA W AR BIRLHA RHH A R e

gene) of the recombinant probes.

11. Restriction map' of recombinant plasmids

The recombinant plasmids pUNK1-34 and pUNK1-45 were digested

with a number of restriction enzymes. The insert of pUNK1-34 had
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Fig. 23
digeated with various enzymes the gel was showed in
ﬂ%ﬂ“’J P B Re p-st e
Me specific att%yity of prube was 5. &xEEI cpm/pg. The
q W'}’ﬁ'ﬁ'ﬂ GEUGIRA T B G e 5 v

lane 8 AHind III marker
lane 9 : uncut K1 genomic DNA
lane 10 : K1 DNA digested with Bam Hl

s lane 11 : K1 DNA digested with HindIII

lane 12 : K1 DNA digested with Sal I

lane 13 Kl DNA digested with EcoRI

Ll

lane 14 PUNK1-34 digested with BamHI
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Fig. 24 .Pmt' | r'i. ciparium K1 DNA digesteg
HI, Hind III, EcoRI and $all.

The gel was showed

@]{Pecinﬁvity of prn::e was F B::ﬂ;“ﬂ:::j:ﬁi::“bﬁ-
AR T TRE NI YT T8 2

I marker
lane 2 : wuncut Kl genomic DNA

lane 3 : K1 DNA digested with Bam HI

lane 4 : KI1 DNA digested with HindIII
lane 5 : K1 DNA digested with Sal I
lane 6 : KI DNA digested with EcoRI

lane 7 : pUNK1-45 digested with Bam HI
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Acc 1, Cla 1 and Pvu 1I sites. Acc I could cut the vector at Sal I
site, but there were no Cla I and Pvu II site in the vector (figure 25),.
In addition, there were no sites for Bam HI, Hind III, Sal I or Pst I

in inserted DNA and EcoRI could not remove -:Lnserted DNA from the
recombinant (data not shown). From analysis of the restriction size
fragments it was possible to generate a restriction map for pUNK1-34

as shown in figure 27. Accl and

al sites were proximal to the EcoRI#

cloning sites, and Pvu I1 € was ated between Accl and Cla T sites.

and Pst I (data not fhoem)./ The restricts gap of pUNK1-45 is shown
to the EcoRI* r.-loning

sites, and Kpn I sitej Yok twed \ de I and Cla I sites,

ﬂ‘LlEJ’J’YIEJVlﬁWEJ’]ﬂ‘i
ammmmumwmaa
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Fig. 25.

Gel analysis of recombinant plasmid pUNK1-34 digestion
vith endonuclease. DNA was electrophoresed through 0.7%
agarose gel stained in 2.5 pyg/ml ethidium bromide, The

gel contained in

lane 1 ' : the size\m
lane 2 :
lane 3
lane 4
lane 5
lane 6

lana?‘

lane 8 m HI
lane 9 :
lane 10 : d with Hind III
lane 11 (1-34 dige Pyl L
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Fig. 26

0.7% agarcse gel a

Gel analysis of recombinant plasmid pUNK1-45 digestion with

restriction endonuclease. DNA was electrophoresed through

: Wﬂ in 2.5 pg/ml ethidium bromide.
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lane 12 : recombinant plasmid pUNK1-45 digested with

Kpn I and Hind III
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