CHAPTER 4

DISCUSSION
One of the objectives of this thesis was to produce a genomic
DNA library by cloning into E. eolf using as vector the plasmid

PUN121. The first step was the isolation of DNA from P. faleiparom,

Kl isolate, of P. faleiparum DNA digested

with various restrict meared pattern of DHA

fragments along the ber of discrete bands

superimposed. The K hat P. faleiparwm genome

R

single ‘eopy sequence would not
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Heroen (1985) have demonstrated

contains repetiti

been able to be se

A}
that repeat elements wege pres : : - lasmodial DNA ‘by studies of
restriction endonuclease d “patt erns of Plasmodial DNA. However
the type and num ¢ | on the restriction
enzyme used, Hind 111 and EcoRI, A- " N enzymes, gave

digestion patternaﬂ P, faleiparwm with many @.screu bands of smaller
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For cloning of genomic DNA, there are four types of DNA used
as vectors for cloning, namely plasmids, bacteriophage ), cosmids and
bacteriophage M13. Construction of DNA probes of P, faleiparum by

several laboratories had been used various vectors for cloning. Probes

Rep 2 and Rep 20 were selected from P. faleiparum DNA library, which
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had been produced by means of bacteriophage lambda vector (Franzen
et al 1984, and Oquendo et al, 1986) The advantage of cloning by
bacteriophage lambda vector is that it cédn carry insert lengths to a
maximum of 20-25 kb. Using plasmid or bact-eriophage, in either case

fairly large libraries (lﬂs—lﬂﬁ

individual recombinants) are likely to
required to represent a complex eukaryotic genome l.[lIEZ'!"I bp), Franzen et
P. faleiparum DNA library which

ector 1059 contained 10-15 kb
eclalbl./é ues, ﬁb?ut 105 recombinants
were obtained, this necessary to cover the

entire parasite genomeg // Q\w\\\ i plasmid pBR 322 and

Rep 20 was subcloned

al (1984) have demonstrated th

was constructed by cloni

insert DNA fragments

However large size of inmsert
fragment may cross=hy

clo dia Tanzanian isolate of

13 as vector to obtain 56 clones

Zolg et al (1987
P, faleiparum DNA using'bs
which give the strongest - ptaining inserts ranging from
147 base pairs t- ,:;, DNA size of 147
base pairs long and.com: dei repeat of 21 base pairs

each. Cloning by I 13 vectors r.:ould facilitate the sequencing of the

DNA fragm&ntﬁlw ?ﬂw ﬁw Wlﬁ et al (1986) had

cloned P. fal@iparwn DNA into pInEmid pBR 322 vector to obtained
RO ORI MY I o toms
of totall Plasmodial genome and the size of the DNA fragment inserts
were mainly about 1 kb. Barker et al (1986) did not describe the
obtained library size. Cloning by plasmid vector allows us to &htnin
small size of DNA fragment inserts. In our experiment plasmid pUN 121

was used as cloning vector for positive selection of transformants.
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It has ampicillin-resistant gene end tetracycline-resistant gene which
does not normally function due to the inhibitor by CI gene product,
The EcoRI* restriction fragments of P. faleiparwm DNA were inserted
into EcoRI cloning site present with.in the CI gene. Therefore, all
colonies which can be grown on tetracycline harboured only recombinant

plasmids.

The reason for the * restriction endonuclease on

P. faleiparum DNA was rs of P. faleiparum DNA
fragments. There i n P. faleiparum DNA and

EcoRI* can recogn SR S

To produce ions Ifnr EcoRI digestion
was changed to low i én arid 1! | g nﬁrul (figure 6). Ligation
contained an excess o sl vootexfiplN12) . Enzyme DNA ligase will
catalyze the formation 5 gt :;,_, sstef band between adjacent
nucleotides only when one = == ontains a 5'-phosphate group

and the other a A fragment with 5'-terminal

phosphates can bé 4 i i 1‘" smid DNA and these can

then be transferred :I.ntn E. eolt by using 4 method,

T

efficiency sur.‘.h as the ratio ¢f vector Lo passenger w size and

mol am-ﬂ ma a ﬁns“m‘um% wgqia H plasmid to
viable m-_'ll bacterial host strains, transformation conditionms, The
transformation efficiency decline linearly with increasing plasmid size,
and relaxed plasmids transform at 75% of the efficiency of their
supercoiled forms (Hanahan, 1983). The transformation efficiency is
nearly linear over a rangeof lﬂﬁ, from plasmid-to-cell ratios of 1:2000

to 1:1. Increasing the plasmid-to-cell ratios 200-fold, from l:1 to



2z,

200 : 1, only increases the number of transformed cells by six to

eight-fold (Hanahan, 1983), Variation of transformation efficiency

7

(2x10° - 53103) can be observed among different bacterial strains

(Hanahan, 1983). Transformation conditions involwved interaction of

E. eoli cells with exogenous DNA in medium containing elevated level of

MgZ" and incubation .. of the cell at 0°C in a solution of Mn>', ca?’, b+

or K*, dimethyl sulfoxide, dithigthreitol and hexamine cobalt (III) and

heat pulse. By the conq"‘xﬂ" o mation efficiency increased to

7 48

10°-10" colonies/pg of“pBé 11 K12 strains (Hanahan,

1983) .

incy was leﬂ? colonies/ug
PUN 121 and decreaséd & " 5*',"*‘5' s flig 'of ligated product., A

library containing . T E 6btainad. All of Plasmodial
genome were represenid stian:of the Clark and

Corban (1976) equation

where m = The desired prnbabﬁty
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DNA content in P, faleiparum has been showed to be 0.02 pg/nucleus
(Gutteridge et al, 1971 and Goman et al, 1982), equzl to genomic size
of lxlﬂ? bp. The average size of inserted DRA fragments was 4,000 bp,
(figure 14). Assuming that 99% of Plasmodial DNA are represent in a

library, the number of bacterial colonies would be 11,500,
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About 400 DNA clones were first selected by screening using
colony hybridization with K1 genomic DNA probe, This was based on
the criterion that clones containing highly repetitive sequence t:.mf
P. faleiparwn would hybridize large amount of probe, and appearing as
dark spots on the aﬁtaradingram, but those containing single copy
sequences would give hybridization signal below the level of detection.

rowth rates of each clone and presence

&A might give rise to false
T@arn blot hybridization was

However such factors as unequa
of cell components such

signals in colony hybgz ongd

on their high aan_aitiv ty : pBRK1-14, These were pUNK1-32
T =45 were more sensitive
than other :lnnes ﬂ d Nﬂin dot blot hybridization
assays (figure 15). }lsing pUNK 1- 34 nr.:l 45 as DNA probe,,it was possible

to detect 5urﬂ ‘HaEE"a %ﬁl E:J Wi W%Jq ﬂuﬁ to 0.005% parasitemia

(figure 18—19}, These probes were less csensitive thap pPF-14 which was
ate ATV IRUSIA I VRS« e

(Barker 3#7::1_. 1986). -Hwever, the sensitivity of pUNK1-34 and -45

can be increased by using a larger blood sample volume, eg., with a 2,5
fold increase in the blood sample volume (50 pl) the assay would probably
allow detection of 0.002% parasitemia. This sensitivity level is still
slightly less than that of Rep 2 which was able to detect parasitemia

of 0.001% in 50 pl1 blood sample (Franzen, 1984).



86

Cloned DNA probes pPF-14, Rep 2 and pUNK1-34, -45 had lower
sensitivity than total genomic DNA of P. faleiparum probe described
by Pollack et al (1985). This genomic DNA was able to detect parasitemia
level of G.GI[JD‘ifﬁin 10 pl of blood. However our results (figure 16)
showed that there were cross-hybridizations between total genomic DNA

of P. faleiparwm and DNA of P, chabaudi, P. knowleei, P. vivar and

P, eynomolgi and man., Thus mic P. faleiparum DNA probe could

lead to false positive

It is worth tésts for senmsitivity of each

probe were done b nzen et al (1984) incubated

the infected blood Oteinase K and 0.2% SDS,
Before dotting on gt IIGEE th icubated blood was phenol

| and neutralized. A

tained and 0.1% parasitemia
of patient's blood coul :“:‘-_\-r-i ,1 ‘rmined by microscopy). However

P
sample with equal parasitemia did ne similar intensity, although

7",? of in vitro culture

¢ Q/
Barkﬂ ﬂﬂﬁmmmﬁr as more simple than
\
that of Franz“ et a 984) . Infected blood was incubated with pronase
¢ o5 ,

e —

the authors claim Rep——=
Vi

of P. faleiparum, ﬁ data

s
K, and i : n nitrocellulose

was denafured and neutralized before hybridizing with pPF-llﬁ probe. The
authors claimed that pPF-14 was able to detect 10 pg of purified P.
faleiparum DNA and 40 parasites per microliter of infected blood, Using
a 50 pl sample, this corresponded to a parasitemia of 0,0009%, However
a blood sample which contained about 80 parasites did not show any

signal.



Mucenski et al (1986) demonstrated that a 21 base pairs
synthetic oligonucleatide probe of P. faleiparum detected parasites
in blood samples lysed directly on nitrocel;ulnse which was then laid
over filter paper saturated with ix55C, 4% sarcosyl and pronzse K for
1 hour at 37°c, DNA was then denatured for hybridization. The technique

was able to detect 0,U1% parasitemia in 1 ul spot of infected blood., 1In

directly on nitrocellulgs n' ol€Selddes, the infected blood was
incubated with pronase he DR %un.g;:;‘ured and neutralized in a

tube before spotting.
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For field studies, the simplest technique should be adapted.
This would involve the direct application of blood onto the nitrocellulose
filters, and processing of the samples for hybridization carried out on

the filters.

Malaria infection 1S normally iniciated when an infected mosquito,
in the act of feeding, injects sporozoite: into a susceptible host. A
mosquito whose salivary glans contain 60,000 sporozoites would inject

" _ (Shute, 1945). There are
éfa!cipmﬂm. Many species of

about 3,000 sporozoites at:
different anopheline :
anophelines are eff gographically coindigenous
strains of P. faled ‘prevalence of female
anopheline mosquits salivaijr glands is the
parameter for desc; alaria in a particular

area., This measur ; J8sh Both | tor identity and differences

in transmision intensdt ; and : (Macdonald, 1957).

The sporozoite _ Tatends determined by dissection of
individual mosq e jcan only be performed
on freshly captu g m 7 1£5s than 0.1% of vector
population with upnrnzoite infect::lnn (Warren, 1975). Furthermore it

is impussiblﬁ%ﬁtfaywalw ﬁ w Ejﬁrmue& on the morphology

of sporozotedl Dot blot hybtéidizatien o pUNK1-45 to sporozoites and
= QI QRTINS A Y
species specific. It did not cross-hybridize with mosquito DNA and

other plasmodium DNA, eg. P. vivax, P. chabaudi, P. knowlesi and P.
eynomolgi. By this techniques 1,000-5,000 sporozoites could be detected
(figure 19 and 21). pUNK1-45 was able to detect sporozoites and ococysts
in % of infécted mosquito (figure 21). This suggests that the probe be

used to detect and identify sporozoites and cocyst in extracts of one
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single infected —osquito. Moreover seven samples of infected salivary
glands were probed with pUNK1-45. It was found that five of these
samples could be detected at the dilution of 1:10, The double antibody
enzyme-linked im—unosorbant assay (ELISA) and immunoradiometric assay
(IRMA) using monoclonal antibody that recognize a repetitive epitope

on the circumssporozoite proteins of sporozoite were gble to detect

100-500 sporozoites in infected mosquito, but these techniques cannot

detect oocysts. wal ',/

cross-hybridize with DNA ef*fio O™ > P. knowlesi, P, cynomolgi

s DNA probe since it did not

and man. It did crg S1d dize \with DN \ chabaudi, but since
utilans), found in only
2 any problem in the use

of pUNK1-34 to detecg P ey, infected mosquitoes.

The copy numbeg of Fhe - pEUPURK1-45 in P. faiciparum

genome can be estimated ag Fallo 4/ The size of pUNK]-45is. about

8.3 kb (Table 3)gmnd since the size of pU ... s 4.4 b, the insert
size of pUNK1-45 i3l : ation of pUNK1-45 probe

[

with plasmid pUK1 .'5 and extracted Kl genomic DNA showed that 12 pg

of plasmid pﬂlﬂjﬁﬂﬁn WW&vjﬂﬂg f extracted Kl

gemm:lc DNA gure 22). &ssgming that P falcipmw enome contains

AT UK AT G E o o

is 10 }' or lﬂ The copy number of pUNK1-45 insert is equal to

12 =9

12x10712 x 10% /10 "= 120 copy.

Figure 18 shows thaf: intensity of autoradiogram of pUNK1-34
hybridized with 25 pg of plasmid pUNK1-34 was equal to 10 ng of
extracted K1 genomic DNA. Thus the copy number of the insert of pUNK

1-34 in P. faleiparum genome is about 25 copy.
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The studies on the organization of pUNKI-34 and -45 in the genome
of P. faleiparum by Southern hybridization (figure 27-24) showed
different results for the two plasmids. Figure 23 showed the insert
of pUNK1-34 was contained only in Hind I1I-digested fragment of about
5 ¥b. Smeared band of 6.6-50 I:b were seen with Southern hybridization
of Bam HI-, EcoRI- and Sal I-digested fragments with pUNK1-34 as probe

(figure 23 lane 10, 12, 13). ! ndicates that the insert of pUNK

1-34 is located in AT ri *: ) r.f e parasite genome as +tandem
- -—d.

Southern h : ?“ ‘-{‘:\\1 striction digested Kl

genomic DNA with owed 3 hybridizable

bands of Hind III Sal I and EcoRl
digestions showed ay g of)] thap 9.7 ¥b, and there was
also a light band of J 5 7' i} _ RN, gestinn. These results
indicate that insert of p : > 1 .-‘ d in AT-rich region of
genome, probably in 3 sets of | fepeats .

'

Recently ‘ ‘m P. faleiparunm library

constructed by Ti:mnqnhai é [OTE ybridimtion clone pBRK1-30, and

used it as pr Hﬁ: e tﬁ! ~Bam HI-, Alul- and Hind III-
digested K1 %ﬁ X ﬁﬂn ﬂﬂiﬁaﬁents also showed

1-2 bapds outhe m w &E{iﬁm probe
mel-ﬁhﬁmgzj ﬁ ﬂ:l’lz tio ﬂnn 5 increased

to 7 or 8. Since hybridization bands revealed by repetitive DNA probes,
eg. pBRK1-30, pUNK1-34 or pUNK1-45, were few in number it may be

speculated that these repeat fragments are located on a limited number

chromosome of the parasite.
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The inserts of pUNK1-34 and pUNK1-45 were characterized by

restriction mapping. The 2.1 kb insert of pUNK1-34 cantained a single

AG
CT

(5'... CAGCTG...3") and the 3.9 I'd insert of pUNK1-45 had single sites

site for Afeel (5'...GT AC...3"), Cla I (5'...ATCGAT...3') and Pvu II
for Nde I (5'...CATATG...3"), Kpn I (5'...GCTACC...3") and Cla I. Thus
these two inserts do not contain homologous sequence. The different

Southern hybridization patterns using the two probes support this

es such as Rep 2, constructed

(Franzen et al, (19E 5 7‘7"w=‘*- rom Gambian isolate of

suggestion.

It is surpris

from cloning Tanza

P. faleiparum with phdgef o, 1986), and clone

number 26 selected” frgh fafzanianlisolate of P. faleiparwn using M13
as vector, all cont@ingd fhe simil epe; equence of 21 base pairs.

This raises the questio ar 21 base pair sequences

in pUNK1-34 and =45. luestion it will be necessary to

To ahe:

test whether the‘f hjsze with the plasmids.

Alternatively, tHeld 1"' ed as .a probe to

determine whether Eﬂmalbgnus SEequences existlﬂm pUNK1-34 and pUNK1-45,

ﬂzpﬁuﬁ ANUNITHEIR T i expertments
but this technique is ife and radiddsotope is fiot stable . This
e AN TN e i
be daveloped. Biotinlabelled prdhes and photobiotin labelled probe
have been used for nucleic acid hybridization (Langer et al, 1981 and
Forster et al, iﬂﬂﬁ}. Colorimetric detection of target nucleic acids
on nitrocellulose filters with avidin alkaline phosphatase has been
developed (Leary et al 1983). The substrate of this enzyme is 5-bromo-

4-chloro-3-indolyl phosphate (BCIP). In enzymatic reaction BCI is the
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product which has the ability to oxidize nitro-blue-tetrazolium and
results in the dEpm;it:l‘.nn of a purple precipitation., In addition
biotinlabelled probe can be selectively imunoprecipitated in the
presen:;a of antibiotin antibody(Linger 2t al, 1981). Non-radiocactive
techniques, such as biotin nucleic acid hybridization, can be used to
detect viral, bacterial and parasites. Sethabutr et al (1985)

developed biotinylated DNA prole) go detect Shigella and enteroinvasive

linked to alkaline phosphatase

Omo éuence in herpes simplex

Eschericha coli. Oligonu
have been developed to™@

virus and hepatitis
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