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Autosomal dominant polycystic kidney
discase (ADPKD) is one of the most common human
autosomal disorders, affecting approximately 1 per
1000 individuals. It is characterized by formation of
multiple abnormal fluid-filled cysts in both kid-
neys, pardy leading to end stage renal failure(l).
ADPKD is genetically heterogeneous with at least
three different genes (PKDI, PXD2, and PKDJ)
responsible for similar phenotypes(2-4). Abnorma-
lity of PKD{, which is located on chromosome
16p13.3, is the most common cause of ADPKD,
accounting for approximately 85-90 per cent of
cases(5), and appears to have a more severs effect
with an early age of onset and end stage renal fai-
lure(6). Recent studies have shown that PKD! pro-
bably occurs from two mutational events, germline
and somatic mutations(7.8),

PKD} has been isolated and characterized
(5-12)_ Its size is 54 kb consisting of 46 exons and
its mRNA transcript is composed of 14,148 nucleo-
tides (nt). The predicted protein product, polycys-
tin-1, contains 4,302 amino acids and is proposed to
play a role in cell-cell or cell-matrix interaction(i 1),
Approximately three-fourths of the sequence in the
S' region of PKD] is reiterated with about 95 per
cent similarity to three highly homologous genes
mapped on 16pl3.1, whereas, about ooe-fourth of
the sequence in the 3' region is unique(9). This has
complicated the characterization of PKDI mauta-
tions. Although it is believed that most of the muta-
tons cccur in the reiterated region, the majority of
mutations identified to date are located within the 3
unique region{%:13-13) and some 82 mutations have
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been characterized(16). The rate of mutation charac- -

terization has been slow and the number of mutation
is 100 few for analysis of the correlation between
type of mutation and vaniability of the PKD! pheno-
type.

Recently, a long reverse transcription-poly-
_merase chain reaction (RT-PCR) method has been
deveioped for amplification and isolation of the
entire PKD/ coding sequence from peripheral blood
lymphocytes(17), This method is useful not onty for
the characterization of mutations occurting espe-
cially in the reiterated region of PKD/ but also for
the analysis of PKDI RNA processing and trans-
cripts, without acquisition of kidney tissue. In this
report, we describe a deletion mutation in intron 43
of PKD! which resulted in abnormal RNA pro-
cessing involving exon 43 skipping in the PKD]
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transcripts and also reported the development of a
method for direct detection of this mutation in
affected family members.

MATERIAL AND METHOD
ADPKD Family and Linkage Amalysis

The family described in this study (PK009)
was one of approximately 50 Thai ADPKD families
that have been identified and followed-up in the
Department of Medicine, Facuity of Medicine Siriraj
Hospital, Mahidol University. ADPKD was diag-
nosed according to established clinical and genetic
criteria, based on the finding by ultrasonic scanning
of polycystic kidneys with at least one cyst in one
kidney and two or more in the other(18), and the
expression of the disease in members in consecutive
generations of the family, .

Blood samples (10-15 ml) were taken from
ADPKD patients and family members with informed
consent. Genomic DNAs were isolated from blood
samples by standard method(19) for linkage analysis
and PCR amplification. Linkage analysis and hap-
lotype characterization were performed by examina-
tons of five polymorphic markers linked to PKD/
on chromosome 16p, namely, D16S85 (3' HVR),

KG8, SM6, 16AC2.5, and SM7(2:20-23),

RNA Isolation, cDNA Synthesis, and PCR

The methods for RNA isolation, full-length
cDNA. synthesis, long PCR, and nested PCR have
previously been described(l7). Briefly, RNA was
isolated from the lymphocytes by TRizol® reagent
(Life Technologies), and used for full-length cDNA
synthesis with oligo (dT);9_;g primer and RNase
H-free reverse transcriptase. PKDI-cDNA was
amplified by long PCR using a pair of primers
(TH1F/TH1B, Table 1) and ELONGASE™ Enzyme
Mix (Life Technologies) containing thermostable
Tag and Pfu polymerases. The length of PCR pro-
duct was 13,634 bp (Fig. 1A).

Nested PCRs were performed by using 9
pairs of nested primers to generate 9 overlapping
fragments. Sequences of nested PCR primers (SISF/
SI9B and WTSF/WT5B) used in this study are
shown in Table 1. The others are available on re-
quest, The nested PCR products were analyzed by
electrophoresis on 2 per cent LE agarose gel (FMC
Corporation) in Tris-borate-EDTA (TBE) buffer.
DNA fragments were stained with ethidium bro-
mide, visuatized on UV transilluminator, and photo-
graphed.
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Table 1. Sequences of PCR primers for ampliﬁcaﬁ'oqs of PKDL

Primer Primer sequence (5'->3) Nucleotide position Laocation PCR product
. R ’ size (bp)

Primers for long RT-PCR

THIF CTGGGGACGOOGGGGCCATGCG 175-1962 5 UTR 13,634

THiIB GGCCTGGGGCAAGGGAGOATGACAA 13808-137842 FUR

Primers for nesied PCR

Shop CTTCAGCACCAGCGATTACGACGTT 11533-115572 Exon 40 1650

S9B AGAAAGTAATACTGAGCGGTGTCCACTC 13182-131554 Exon 46

WTSF TTGGCTGGGAGAGTCCTCACAATG 11556-115798 Exon 40 817

WT3B AGGGAGTCCACACAGOAAGACACG 12372-_1234% EBaxon 43

Primers for genomic DNA amplification

SI92F CGGGCCTCTCGCTGOCTCTGCTCACCTICG 50143-50171b Exon 42 563-758¢

51928 ACGGACCACTGGOGCACGAAGCGTAGCTG 50822-50794b Exon 44

SI93F CGGCCTCGCTGCTCITCCTGCTITTGGTC 50678-50706b Exon 43 145

SI5.28 ACGGACCACTGGOGCACGAAGCGTAGCYG 50822-50754b Bxon 44

aThe nucleotide positions are according to HUMPEDIA, GenBank Accession No. 1.33243(11),
bThe nucleotide positions are according to HUMPKDIGEN, GeaBank Accession No. L39891(10).
€Size of PCR product is variable due to numbers of variable ntpeated sequences in taron 42(14),

The nested PCR product, amplified with
SISF/SI9B, was digested with cither Tag [ plus Bgl I
or Pvu I (New England Biolabs) for detailed ana-
lysis of cDNA deletion observed.

Amplification of Genomic DNA

Genomic DNA samples were amplified in a
total volume of 25 pl containing 200 ng of genomic
DNA, 400 nM of each primer (Table 1), 200 uM
dNTP mixture, 10 mM Tris-HCl {(pH .8.3), 50 mM
KCl, [.25 unit AmpliTaqGold™ (PE Applied
Biosystems), 5 per cent DMSQ, and 1.0 mM MgCly.
The PCR was initiated at 95°C for 10 min, then

conducted for 2 cycles at 94°C for 30 s, 62°C for

30’5, and 72°C for 30-60 s (depended on size of PCR
product). It was then continued for 31 cycles with
2°C reduction of annealing temperature every 2
cycles untl reaching the final annealing temperature
at 48°C, followed by a terminal extension at 72°C
for 10 min,

DNA Sequencing

‘The PCR product, separated on agarose-gel
¢lectrophoresis, was purified using QLAquick™ Gel
Exwraction Kit (QIAGEN). The purified DNA frag-

mert was sequenced using ABI PRISM™ BigDye™
Terminator Cycle Sequencing Ready Reaction Kit
and ABI PRISM 310 Automated DNA Sequencer
(PE Applied 'Biosystems).

RESULTS
Linkage Analysis

From analyses of five polymorphic DNA
markers in the PKDI region on chromosome 16p, 14
haplotypes (with § additional variants) were found to
segregate in PK009 family and the abnormal PKD/
allele was linked to haplotype A, which consisted of
the following alleles: 2.1 kb for D16585, 123 bp
for KG8, 110 bp for SM6, 169 bp for 16AC2.5, and
88 bp for SM7 (Fig. 3).

Long RT-PCR and Nested PCR

Long RT-PCR and nrested PCRs were
applied to RNA samples prepared from three
affected members (II1-1, OI-4, and TV-6) of PK0OO9
family, the results of which were mostly normal.
However, with nested PCR using SI19F/SI19B pri-
mer pair, while a single PCR product (1,650 bp) was
observed in samples from normal individuals, pro-
ducts with two different sizes, normal (1,650 bp) and
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Fig. 1. (A) Diagrammatic representation of the full-length PEDI mRNA, (upper), long PCR product (middle),
and nested PCR products (lower), The reiierated region in the PEDI mRNA (exons 1-32) is repre-
sented by the hatched area and the unique region (exons 33-46) by the blackened area. Sizes {in bp)
and primer pairs (arvows) are shown above and below the long RT-PCR products (long solid hori-
zontal line) and nested PCR products (short solid horizontal lines), respectively. (B) Nested PCR pro-
ducts amplified from long PCR product of PKDI-<DNA with the SI9F/SI9B primers from a normal
individual (N} and three PKDI patients (III-}; I1I-4, and IV-6) of PK009 family. A single normal
PCR product (1,650 bp) was observed in the normal sample while a normal and a shorter (-1,40¢ bp)
products were found in three patients’ samples. The uppermost band in the lanes of patients’ samples
is probably a heteroduplex of the normal and shorter products. Lane M is 100-bp DNA ladder. (C)
Nested PCR products amplified from the long PKDI-cDNA samples by WTSF/WTSB primers of
two normal individuals (N1 and N2} and the two patients ({14 and IV-6) of PK(909 family. A normal
PCR product with the size of 817 bp was observed'in the two normal samples but a normal (817 bp)
and a shorter (-520 bp) fragments were detected in both patients’ samples; the top band in both
patients’ samples was probably a heteroduplex of the normal and deleted DNA strands. Lane M is
100-bp DNA ladder.

shorter (~1,400 bp), were detected in samples from
the three affected members (Fig. 1B). In addition,
an upper and fainter band of PCR product was also
noticed. The presence of a shorter product may have
resulied from a partiai defetion of PKD/ cDNA pre-
pared from its mRNA transcript from one allele of
PKDI in these patients, and upper band might be a
heterodupiex of the normal and deleted DNA
strands.

To locate the region with possible dele-
tion. nesied PCR products ampiified by SI9F/SIOB

prnmer pair from a normal individual and a patient
(I11-4) were digested with either Tag [ plus Bg! [ or
Pvu IL It was found that the deleted region was of
300 bp, tocated between the fiest Tag I and Bgl |
sites (or the fourth site of Pvu 1) (data not showa).

A new pair of primers (WTSF/WT5B |
Table 1 and Fig. 1A) were designed to amplify DNA
covering the deleted region. The result of the
amplifications showed that two normal samples
(N1 and N2) generated a single amplified product
with the size of 817 bp, whereas, two patients’ sam-
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Fig. 2. Results of sequencing analyses of nested PCR products of intron 43 region amplified from genomic

DNA samples of a pormal control and patient II1-4 of PEO0Y family by SI19.2F/S19.2B primers. Com-
parison of the two nucleotide sequences shows a deletion of 20 bp in intron 43. The presence of
two direct 9-nt repeat (GGGCTGGGC) (underlined) which ‘are separated by 11 bp in the normal
sequence of this intron makes many possibilities of the deletion breakpoint between the nuclectide
positions 50714 and 50742 of PKD1 (GenBank Accession No. L39891). Two examples of possibilities
of the 20-bp deletion at the most 5' and 3' epnds are shown.

I
pies (II1-4 and IV-6) produced the normal amplified
product (817 bp) and a shorter fragmen: {~520 bp)
together with the upper hetercduplex band (Fig.
1C).

Sequencing Analysis of the Shorter Nested-PCR
Product

The 520 bp fragment was purified from
agarose-gel electrophoresis and subjected to direct
DNA sequencing. There was a deletion of 291 bp
which corresponded to the total exon 43 sequence
of PKD/ while complete sequences of exons 42 and
44 were still present (data not shown). This finding
indicated that the deletion was most likely due to
the skipping of exon 43 from the PKD/-mRNA
transcript.

Analysis of the PKDI Gene

The skipping of exon 43 from PKD/-mRNA
transeript might have occurred from a number of
defects in the PKD/ gene, viz. complete absence of
the exon, mutation at the exon-intron junctions, or
mutation at the A branch site in the flanking introns
42 and 43, To idenufy the precise mutation, genomic
DNA in this region of PKD{ was sequenced. Since
the genomic region surrounding exon 43 was diffi-
cult to amplify by PCR due 10 the presence of 34-nt
repeat polymorphism in intron 42(14), the primary

- genomic DNA amplification was performed by

using SI9F/SI9B primer pair which had been used
for nested PCR of PKDJ7 c¢DNA (Table 1). A PCR
product with the length of 2,351-2,546 bp was pro-
duced and used in nested PCR with SI9.2F/S519.2B



Vol. 34 No.9

ABNORMAL PKDI RNA PROCESSING

1313

LC ol -l

O @

€A EC R GA GO GA
M1 2 3 4 5 & 7 ] 9
200 bp—
100 bp—
Fig. 2.

WA

LY =] [=] Ad

10 11 12 13 14 15 16 17 18 19

Detection of the 20-bp deletion in lnbroa 43 of PED/! by amplification of genomic DNA samples from

members of PKG09 lamily with SI9.3F/519.2B primers. Pedigree of the family is shown and haplotyes
in the region of PKDI on chromosome 16p13.3, determined by uvsing 5 polymorphic DNA markers, are
indicated under the symbols. Genomic DNA samples from 19 family members, 8 from affected (filled
symbols) and 11 from unaffected (blapk symbols) members, were analyzed. DNA samples of the un-
alfected members produced only the product of the wild-type allele (145 bp) but those of affected
members generated the products of both wild-type agnd mutant (125 bp) alleles. The mutant allele
segregated with the haplotype A in the family. The haplotypes with one or two asterisks are varianis
of the ones without. Lane M is 100-bp DNA ladder.

primer pair specific 10 sequences in exons 42 and 44
(Table 1). A PCR product with the size of 563-758 bp
was generated and sequenced. There was a deletion
of 20 bp in intron 43 (Fig. 2), while sequences in
other repions were normal. Since there are two 9-bp
repeats (GGGCTGGGC) situated 11 bp apart in
intron 43 of PKDI, it was not possible to locate
precisely the defetion breakpoints in this abnormai
gene.

Direct Detection of the 20-bp Deletion in Intron
43 in Members of PK009 Family

To perform direct detection of the 20-bp
deletion in intren 43 in members of PKOCS family, a
primer specific to the sequence of exon 43 (SI9.3F)
was used together with a primer specific to the
sequence of exon 44 (SI19.2B) (Table 1. With this
primer patr, genomic DNA sample with normal in-
wor 43 would generate PCR product of 145 bp while
that with deteted intron 43 of 125 bp. When genomic
DNA samples from all members of PKOOS family
were amplified, DNA samples of 11 normal mem-
bers showed only the normal size product (145 bp),
whereas, thosc of 8 affected members displayed 145

bp and 125 bp products (Fig. 3}. Heteroduplex band
was sometimes observed. The presence of deleted
intron 43 in affected members and its absence in
unaffected members of PKO09 family corresponded
withl the presence and absence of haplotype A which
linked to the abnormal PKD/ allele (Fig. 3),

DISCUSSION

An analysis of PKDI-mRNA transcripts
from three patients in PK0O09 family showed that the
truncated PKD ! cDNA observed in the initial nested
PCR screening (Fig. 1B and C} was due 1o skipping
of the entire 291 nt sequence of exon 43, while the
sequences of exon 42 and 44 were still intact in the
abnormal transcript. Further analysis of PKD /-geno-
mic DNA by direct sequencing revealed a 20-bp
deletion in intron 43 of the patent’s PKD/ gene (Fig.
2y while the sequences of other critical regions, such
as splice donor and acceptor sites close 10 exon 43
and branch sites in the flanking introns, were not
changed. Thus, the observed 20-bp deletion in intron
43 was most likely to be the cause of exon 43 skip-
ping in the patient’s mRNA rranscript. A PCR
method for amplification of DNA region covering
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intron 43 was used to examine the deletion in DNA .

samples from 19 members of PKOO9 family. The
expected 20-bp deletion in intron 43 was found in
all samples from 8 affected members but was not
detected in the 11 unaffected members (Fig. 3). In
addition, the deletion segregated in complete linkage
to the haplotype A as characterized by using 5 poly-
morphic DNA markers in the PKD1 region (Fig. 3).
All the evidence clearly supported the 20-bp dele-
tion in introa 43 of PKD! as being the disease muta-
tion in this family. Co

Two 9 bp direct-repeat sequences (GGGC
TGGGC) separated by 11 nucleotides were present
in PKD1 intron 43 (Fig. 2). Thus, the deiction might
have occured from a misalignment between the
two direct repeat sequences in this region of two
PKDI alleles and interchromosomal recombination
during meiosis. Since the length of deleted nucleo-
tides (20 bp) was equal to the sum of one repeat (9
bp) and the joining part (11 bp), ‘and one repeat
sequence still remained in the deleted allele, the
exact position of the recombination or deletion
breakpoint could not be determined. As the deletion
did not involve the nearby exon, it would not be
detecied by exon analysis of genomic DNA,

Mutations causing exon skipping usually
involve either splice donor or splice acceptor site
at 3' and §' consensus sequences of the intron. Two
reported mutations of PKD/ resulting in exon 39
and exon 44 skipping are IVS39+1G>C and IV344+
1G>C substitutions, respectively(%.24), However, the
intron 43 deletion leading to exon skipping reported
here did not affect thase functionally important sites.
One explanation for the 20 bp-deletion ia intron 43
causing exon 43 skipping may be that the truncated
intron is too short for proper spliceosome formation
and correct RNA splicing process. The minimal
length of intron in human genes for correct in vivo
splicing is not known. In an ir vitro study to deter-
mine a minimal intron length using rabbit beta-
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globin gene constructs in HeLa cells, it was found
that the comrect splicing required six 5' and twelve
or more 3"intron nucleotides with at least 80 inner
pucleotides(23). The shortest PXD! intron is intron
19 with a length of 66 bp(11), The length of the
mutated intron 43 is 55 bp.

Deletions of 18 and 20 bp in intron 43 of
PKD1 have been reporied(26). In each case, two
different transcripts, either with deleted-intron
sequence retained or with a 66-nt deletion due to
activation of a cryptic 5' splice site, as well as the
transcripts with exon 43 skipping, were produced.
These findings are different from this study where
the major defective transcript contained exon 43
skipping. It should be noted that in this study fresh
peripheral blood lymphocytes were used for RNA
isolation while lymphoblastoid cell lines were used
in the previous work.

The deledon of 291 nucleotides of exon 43
in PKDI-mRNA transcript will lead to an in-frame
deletion of 97 amino acids at positions 3904-4001
in polycystin-1. This deleted peptide region is
located between the second half of the 7th trans-
membrane (TM) domain and the first one-third of
the 9th T™ domain of the proposed model of poly-
cystin-1(27). Since the deletion of this region has
resulted in the disease phenotype, it is of importance
to the function of polycystin-1.
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Abstract

Procedures for cloning entire dengue serotype 2 virus genome in the multiple cloning site of a commercially
available high copy number plasmid are described. The 10.7 kb viral RNA genome was reverse transcribed, amplified
as three overlapping DNA fragments and successively ligated inte pBluescript II K8, whick contains the colE! origin
of replication. When propagated at room temperature (20-25°C) under low level of antibiotic selection, the
full-length recombinant plasmid was stable upon serial passages in two common Escherichin coli strains employed.
Under the same culture conditions the whole dengue cDNA sequence was transferred successfully to another high
copy number plasmid, pGem 3Z. Following in vitro transcription and lipofectin-mediated transfection, capped RNA
transcripts derived from the plasmid initiated virus replication in C6/36 mosquito cells and BHK-21 cells withio 3-4
days of transfection. Upon subsequent expansion in C6/36 cells, denpue viruses derived from the first- and
eighth-plasmid passages achieved similar titers as the parent virus. They were also indistinguishable from the parent
virus by the criteria of replication kineties in mosquito and mammalian cell lines, and size and reactivity of setected
viral proteins as detected with poltyclonal and monoclonal antibodies. The cloning scheme and resuitant recombinant
plasmids based on high copy number cloning vectors allows greater flexibility in manipulation of dengue viral genome
when compared with previous atiempts employing low-copy number counterparts. © 2001 Elsevier Science B.V. All
rights reserved.
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1. Introduction

Following the first successful construction and
propagation of full-length ¢cDNA clone of a
dengue serotype 4 virus in Escherichia coli (Lai et
al., 1991), subsequent attempts in cloning dengue
serotype 2 genome had met with variable success.
In an extreme case, full-length cDINA was gener-
ated by in vitro ligation of subgenomic segments
and employed directly as template for synthesiz-
ing infectious RNA transcripts without being able
to propagate serially as recombinant plasmid
clone in E. coli (Kapoor et al., 1995). In another
case, the full-length clone had to be assembled
first in yeast before transferring into E. coli, but
the frequency of which E. coli-derived clones gave
rise to infectious virus was less than those derived
originalty from yeast (Polo et al., 1997; Puri et al,,
2000). In two attempts in which construction and
propagation of complete dengue serotype 2
cDNA sequence were accomplished directly in E.
coli, a common strategy was the use of low copy
number plasmids as cloning vectors (Kinney et
al,, 1997; Gualano et al., 1998). Similar to several
viral systems, instability of dengue cDNA se-
quence remains a major obstacie in obtaining and
propagating full-length cDNA clone in E. coli
(Boyer and Haenni, 1994).

Currently, the use of low copy number plasmid
and, in some cases, selected bacterial strains only
alleviated partially dengue genome instability
problem as rearrangement of viral sequences still
occurs during successive propagation in E. coli
{Lai et al., 1991). Moreover, low copy number
plasmids, due to their generally large sizes and the
presence of relatively high number of restriction
enzyme recognition sites, are guite cumbersome to
manipulate. In order to take advantage of high
yield and ease of manipulation of high copy num-
ber plasmids, we introduced simple modifications
to the cloning procedures and were able to utilize
high copy number plasmid in the construction
and propagation of entire cDNA of a dengue
serotype 2 virus genome in E. celi. Subsequent
expression and testing revealed that plasmid-
derived viruses were indistinguishable from
parental virus in their antigenicity and replication
kinetics.

2. Materials and methods

2.1, Dengue virus, cell lines. antibodies and
plasmids

Dengue virus strain 16681, a serotype 2 virus
isolated from a fatal case of dengue hemorrhagic
fever in Bangkok, was kindly provided by Drs
Bruce Innis and Ananda Nisalak, Department of
Virology, Armed Forces Research Institute of
Medical Sciences, Bangkok, Thailand. It was seri-
aily propagated at 29°C in the C6/36 mosquito
cell line using Leibovitz’s L15 medium (Gibco
BRL, Grand Island, NY, USA) supplemented
with 10% fetal bovine serum, 10% tryptose phos-
phate broth and glutamine-penicillin—strepto-
mycin solution. Virus stock was stored in 20%
fetal bovine serum at — 70°C. BHK clone 21 ceils
were maintained in MEM supplemented with 10%
fetal bovine serum and glutamine—penicillin—
streptomycin solution in 5% CO, in humidified air
at 37°C. Ps clone D cel]l line was maintained in
Leibovitz’s L.15 medium supplemented with 10%
fetal bovine serum, 10% tryptose phosphate broth
and glutamine—peniciliin—streptomycin  solution
at 37°C. A pool of high-titered sera taken at
convalescence from patients with dengue hemor-
rhagic fever at Siriraj Hospital, Bangkok, was
used as anti-dengue polyclonal antibody. Mono-
ctonal antibodies specific for dengue E glyco-
protein (4G2, 3HS), prM glycoprotein (2H2,
4C1), and NS1 protein (1B2, 1A4) (Henchal et al.,
1982, P. Malasit, unpublished results) were used
in the form of ascites or concentrated culture
supernatant. Cloning vectors, pBluescript II KS
and pGem 3Z, were distributed by Stratagene (La .
Jolla, CA, USA) and Promega (Madison, Wi,
USA), respectively.

2.2. Long reverse transcription-polymerase chain
reaction

Virions present in 80 ml of C6/36 culture fluid
(approximate titer 10® pfu/mi) were pelleted by
spinning culture' supernatant at 210 000 x g at
4-6°C for 2 h and resuspended in 140 pl of
supernatant. Genomic RNA was extracted by em-
ploying RNAeasy mini kit (QIAGEN, Hilden,
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Germany) according 10 the manufacturer’s proto-
col and stored at — 70°C until use. Complemen-
tary DNA synthesis was accomplished by using
RNAseH~ reverse transcriptase (Superscript II,
Gibco BRL), 0.5 mM dNTP and 100 pmol each
of the B-1, B-2 and B-3 oligonucleotide primers
which were designed for the amplification of three
overiapping regions of genome {Tabie 1). Foliow-
ing reverse transcription at 45 or 56°C for t h,
reaction mixture was heated at 94°C for 4 min.
cooled and digested with RNAseH (Gibco BRL)
at 37°C for 1 h. The resultant cDNA was ex-
tracted with phenol—chloroform-isoamy! alcohol
(25:24:1) mixture once, precipitated in 0.3 M
sodium acetate with 95% ethanol, washed with
70% ethanol, dried, resuspended in diethyl pyro-
carbonate-treated water and stored at — 70°C
until use. For long polymerase chain reaction,
different amounts of each c¢DNA preparation
were tested separately against various concentra-
tion of Mg2+ for successful amplification. Typi-
cally, a mixture of Taq and Pyrococcus species
GB-D DNA poiymerases (elongase enzyme mix,
Gibco BRL) was employed in 50-pl reaction con-

taining 0.2 mM each dNTP, 30 pmol of corre-
sponding forward and backward primer pairs
(F-1 and B-1, F-2 and B-2, F-3 and B-4, Tabie [)
and the combinations of two buffer mixes in order
to obtain Mg?* at the final concentration of
1.5-1.6 mM. The cycling parameter consisted of
initial denaturation of the cDNA-primer mixture
at 94°C for 50 s and subsequent 30-35 cycles of
denaturation (94°C, 30 s), annealing (55-68°C;
depending on the primers, 30 s) and extension
(68°C, 5-10 min) carried out in a thermocycler
{(model 480, PE Biosystems, Foster City, Califor-
nia, USA). Amplified products were elec-
trophoresed in 0.8% agarose gel and visualized by
ethidium bromide staining.

2.3 C!onmg of subgenomic fragments

Three overlapping subgenomic fragments of
strain 16681 were cloned individually into a high
copy number plasmid, pBluescript IT KS by em-
ploying the following steps: (1) for cloning the
region 5’ end-4497, amplified product from the
F-1 and B-l-primed reaction was digested with

Table ]
Otigonucleotide primers for reverse transcription, amplification and site-directed mutagenesis
Region Designation Range* Sequence (5'-3") Introduced
sequencefrestriction site
§ End-4997 F-1 =22 CTCGCTAGCATTIIAGGTGACACTATAGA  SP6 promoter (underlined),
GTTGTTAGTCTACGTGGACCG Nhel (bold})
B-1 49974972 CCACTCCTTGTAACAACACCATTACC '
4166-71977 F-2 41664190 CTCTCTAGAGGATGGTGAGCATITTAGC  Xbal (bold}
CAGTTIC
B-2 7977-7943 CGGGATGAAGAAAACGTCAACTCCACTT
TGAAGAC
7377-3 End F-3 T377-1400 GGGTCTAGAAGGACTACATGGGCTCTGT  Xbal (boid)
GTGAG
B-3 1072310692 GGTCTAGAACCTGTTGATTCAACAGCAC  Xbal (bold)
CATTCCATTITC
B4 10723-10684  CTCGCTACCTCTAGAACCTGTTGATTCAA Kpnl, Xbal (bold)
CAGCACCATTCCATTTICTGGCGTIC
Pst I {nt 402) MS-4(2 397-417 TCTGCCGGCATGATCATTATG A402C mutation
{underlired), Nael (bold)
MR-402 407-387 ATGCCGGCAGATCTGCGTCTC A402C mutation

{underlined), Mael {bold}

3 Number represents base position in the gerome of strain 16681 according to Blok et al. (£992) and Kinney ¢t al. {1597}
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Nhel (5" end, introduced in the F-1 primer) and
Kpnl (nt 4497) and then ligated into Abal- and
Kpnl-cut plasmid; (2) for clening the region nt
41667971, amplified product from the F-2 and
B-2-primed reaction was treated with Pfu DNA
polymerase (Stratagene) to ensure blunt 3’ end,
digested with X%al (5’ of nt 4166, introduced into
F-2 primer) and ligated into Xbal- and EcoRV-
cut vector; (3) for cloning the region nt 7737-3'
end, amplified product from the F-3 and B-4
primed reaction was digested with Nrul (nt 7737)
and Kpnrl (3’ end, introduced in the B-4 primer)
and figated into plasmid which was digested with
EcoRV and Kpnl. Ligation mixtures were trans-
formed into chemically competent E. coli strains
DHSaF' and STBL2 (Gibco BRL) with the sup-
plementation of SOC medium {2% tryptone, 0.5%
yeast extract, 10 mM NaCl, 2.5 mM KCI, 1¢ mM
MgCl,, 10 mM MgSQ,, 20 mM glucose) during
90-min shaking at room temperature to atlow for
phenotypic lag. Bacterial transformants were then
spread onto agar plate containing LB medium
(Sigma, St Louis, MO, USA) and 25 pg/ml ampi-
cillin and -incubated at 25°C for 2-3 days. Size
and orientation of cDNA insert within the cloning
vector were determined by restriction enzyme di-
gestions and separation in 0.8% agarose gel.

To consfruct a larger clone containing the re-
gion nt 4166-3° end, cDNA sequence spanning nt
7844-3' end in plasmid derived from the cloning
step (3) was cut out by digesting with Stul {nt
7844) and Kpnl (3’ end, introduced in the B-4
primer) and then ligated into recombinant plas-
mid from the step (2) which was digested sirni-
larly. The resultant ¢cDNA clone containing the
region nt 4166-3° end was designated the 3° half-
genome whereas the other one derived from the
cloning step (1) and contained the region 5 end-
4497 was the 5 half-genome.

2.4, Construction of full-length cDNA clone of
strain 16681 in high copy number plasmid

The fuli-length cDNA clone of strain 16681 was
constructed in pBluescript 11 KS by ligating the
6.2 kb Kpnl fragment encoding the region mi
4497-3' end from a 3’ half-genome into the Kpnl
site at the position 4497 of viral sequence of a

corrected 5° half-genome. To minimize deletion
and/or rearrangement of viral sequence from the
resultant plasmid, transformation of ligated
product into E. coli and all subsequent incubation
were done at 20-25°C. Foliowing three days of
incubation at this low temperature, distinctively
farge and stnall bacterial colonies were observed
at a proportion of 1:1.6. When both types of
transformants were grown in 2 ml volume under
low level of amplicillin selection, analysis of plas-
mid DNA by HindIIl and Xbal digestion and gel
electrophoresis revealed that none of the large
STBL2 transformant colonies retained full-length
cDNA sequence whereas approximately half of
the small colonies did (Table 2). The rest of small
colonies contained single 6.2 kb 3’ half-genome
sequence insert but in the inverse orientation, or,
more rarely, twe tandem copies of insert. The
density of bacterial growth in 2 ml liquid media as
observed visually and the amount of resultant
plasmid DNA in the latter groups of transfor-
mants were generally higher than the ones with
correct, full-length sequence, indicating possible
inhibitory effect of full-length dengue sequence on
bacterial growth or plasmid replication. When
strain DHS«F was used instead of STBL2, the
preportion of small colonies with full-length
cDNA sequence was even higher (Table 2). De-
pending on the duration of incubation and resul-
tant cell density, plasmid yield derived from either
STBL2 or DHS«F' growth in 100 ml LB liquid
medium ranged from 15 to 55 ug of plasmid
DNA.

2.5. Stability assay

Bacterial transformants containing the {ull-
length ¢cDNA clone were streaked onto LB agar
ptate containing 25 pgfml ampicillin and incu-
bated at 25°C for 2-3 days until isolated colonies
were clearly identified. Plates were kept at 4°C for
a minimum of 7 days and then approximately 20
colonies were picked and allowed to grow at 25°C
in liquid LB medium containing 25 pg/m! ampi-
cillin for 2 days. The size and orientation of the
cDNA insert were next determined by digesting
plasmid DNA with Xbal and HindIIl and sepa-
rating the fragments electrophoretically in 0.8%
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Table 2

Colony morphology of E. coli transformants and retention of full-length dengue cDNA sequence®

Experiment  Plasmid E. coli strain Proportion of E. colf colonies with:
Fult-fength, functional cDNA Fuil-lepgth, non-functional cDNA
Large colony Smatl colony Large colony Small colony

I pBluvescript [I KS STBL2 016 12127 0/16 15f27

2 pBiuescript 11 KS STBL2 0/40 13130 0/40 17/30

3 pBiuescript 11 K§ DHSaF 0/9 1713 0/9 2/13

4 pBluescript 11 KS DHSoF* 0/40 28/40 G/40 &/40

5 pGem3Z STBL2 0/20 20120 na® na®

* Foltowing the tigation of the 6.2 kb Kprl fragment containing the region nt 4497-3' end into the Kpnl-digested 5'-hall genome
arnd transformation of indicated E. cofi strains, resultant recombinant clones were scored for the presence of either full-length and
functional eDNA sequence (the 6.2 kb Kpnl fragroent was inserted in the corvect orientation inte 5-half genome)} or the fult-length
but non-functional cDNA sequence (the 6.2 kb Kpnl fragment was inserted in the inverse orientation) and compared with their

colony size.
b Not applicable.

agarose gel. Two bacterial clones that contained
fuil-length cDNA insert in the proper orientation
were streaked onto LB-ampicillin agar plate and
the growth-storage-growth testing cycle repeated
for 4-8 rounds.

2.6. Nucleotide sequence analysis

Amplified products or plasmid clones were
purified by ion exchange spin column chromatog-
raphy (QIAGEN) and 250-500 ng were employed
in each sequencing reaction using dRhodamine
dye terminater cycle sequencing kit {Applied
Biosystems, Foster City, CA, USA) according to
the manufacturer’s protocol. Electrophoretic sep-
aration and detection were carried out on an
automated sequencer {model 310, Applied Biosys-
tems). A list -of oligonucleotide primers employed
for sequence analysis is available upon request.

2.7. In vitro transeription, transfection and
detection of virus replication

Full-length cDNA clone was cut at the 3’ end
by digesting with Xbal. treated with 100 pgfml
proteinase K to destroy RNAse, extracted with
phenol—chloroform—isoamyl alcohol (25:24:1)
mixture once, precipifated in 0.3 M sodium ace-
tate with 95% ethanol. washed with 70% ethanol,

dried and suspended in diethyl pyrocarbonate-
treated water. In vitro transcription was per-
formed in a 20 pl reaction containing | pg
linearized cDNA, 80 mM Hepes-KOH (pH 7.5),
32 mM MgCl,;, 2 mM spermidine, 40 mM dithio-
threitol, 5 mM each of GTP, CTP and UTP, 1.5
mM ATP, 3.5 mM m’G(5)ppp(5)A cap analog
(New England Biolabs, Beverly, MA, USA) and
2040 U SP6 RNA polymerase (Gibco BRL) or 2
pul S5P6 RNA polymerase—pyrophosphatase mix
{SP6 Ribomax kit, Promega). Following incuba-
tion at 40°C for 4~6 h, the reaction mixture was
either used directly for transfection, or was
treated with RNAse-free DNAse and purified us-
ing the RNAeasy mini kit (QLAGEN) before
transfection.

Transfection of C6/36 and BHK cell lines was
carried out by mixing 5-10 ul of in vitro tran-
scription product with 5 pl lipofectin (Gibco
BRL) in I ml L15 or MEM media before adding
onto a twice-washed confluent ¢ell monolayer in a
35 mm plastic dish. Following a 4-h incubation at
roomn temperature (C6/36 celi) or at 37°C (BHK
cell), RNA-lipofectin mixture was removed and
the maintenance media containing 2% fetal bovine
serum was added. Transfected cell monolayer was
returned to incubation at 29°C (C6/36 cells) or
37°C in 5% CO, in humidified air (BHK ceils) for
an additional 2 days. Determination of wvirus
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protein within transfected cells by the 5-step per-
oxidase—antiperoxidase method was performed as
described previously (Sittisombut et al., 1993).
Plaque assay in Ps clone D cells for the determi-
nation of infectious virus titer and kinetic of
replication in vitro was according to Avirutnan et
al. (1998).

2.8 Immunoblor analysis

Culiure supernatant of C6/36 cells infected with
parent 16681 strain, first-passage and eighth-pas-
sage plasmid-derived viruses were centrifuged at
25 000 x g for 90 min at 4°C. Viral pellet was
dissolved in SDS-containing loading buffer with-
out boiling, electrophoresed in 5-15% polyacry-
lamide gel in the absence of reducing agent
{(dithiothreitol) and blotted onto nitrocellulose
membrane using a semidry blotting apparatus.
Detection was performed with pooled, convales-
cent human sera or murine monoclonal antibodies
against E, prM and NSI proteins and appropriate
horseradish peroxidase-conjugated anti-IgG anti-
bodies and SuperSignal West Pico chemilumines-
cent substrate (Pierce, Rockford, IL, USA)
followed by exposure to X-ray film, scanning and
printing of the digitized image.

2.9. Site-directed mutagenesis

To mark the plasmid-derived virus, the middle
Pst] site (nt 402) among the three sites (nt 212,
402 and 1535) present within the genome of 16681
was abolished by employing MS402 and MR402
oligonucteotides (Table 1) in a PCR-based site-di-
rected mutagenesis scheme (QuikChange, Strata-
gene), A plasmid subclone containing the region
nt 1-1547 was annealed with the two oligonucle-
otides and amplified for 30 cycles (denaturation
24°C. 45 s aunealing 65°C. 45 s, extension 72°C,
10 min) using Pfu DNA polymerase. Amplified
products were digested with Dpnl (New England
Biolabs) to destroy bacteria-derived plasmid tem-
plates and then transformed into E. cofi. Bacterial
transformants containing plasmid with the desired
mutation were identified by the simultaneous loss
of a Pst1 site and the gain of a Nael site. The 1.3
kb PssT fragment containing the region nt 212-

1535 was then digested out of the mutant plasmid,
purified and inserted into the Ps¢l-digested 5'-half
genome,

3. Results

3.1. Sequence analysis and correction aof the 5'
and 3’ half-genomes

Two plasmid clones each of the 5 and 3’ half-
genomes were subjected to nucleotide sequence
analysis. Comparison with sequences published
previously (Blok et al., 1992; Kinney et al, 1997)
and with sequences derived from corresponding
PCR products revealed a 5-half genome clone
which differed at only three positions from those
reported by Kinney et al. (1997) (Table 3). Two of
these differences, however, were also present in
the second clone and the corresponding PCR
product; quite likely, they were not errors which
were incorporated during reverse transcription or
polymerase chain reaction, but represented varia-
tions among substrains of 16681 which were prop-
agated in different laboratories. Only the third (nt
4340) might resuit from an error during the con-
struction, necessitating the correction by substi-
tuting with an unaltered region from the second
clone. Sequence analysis also revealed a 3'-half
genome clone, which contained only five base
differences from published sequence (Kinney et
al.,, 1997). Again, only one difference (nt 10561)
found in this clone was not detected in the second
clone or PCR product. Further comparison with
several other 3’ half-genomes, however, tevealed
that this change together with another one at nt
10403 represented one of the two mosaic se-
quences: the first pattern-10403T, 10561C-was
found in four cut of six clones and PCR product
whereas the second pattern-10403A, 10561 A-was
present in only two out of six clones. Because
these nucleotide differences and mosaic sequence
were likely to be present in the parent virus and
would not be deleterious for virus replication, this
3-half genome was then employed in the con-
struction of full-length <¢lone without any
correction.
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3.2, Swability of full-length cDNA clones

Following the construction and identification of
full-length ¢cDNA clones based on pBluescript I
KS, we investigated the stability of these clones in
E. coli by subjecting STBL2 and DH5oF' trans-
formants to growth-storage-growth testing cycles
in parallel. Analysis by restriction enzyme diges-
tion revealed that aimost all of individual STBL2

77

colonies were able to retain full-length dengue
sequence through all four ¢ycles (Table 4). The
proportion of DH5«F’ transformants with full-
length sequence was more variable, especially in
later cycles of the first two experiments. With
strict adherence to low temperature for growth in
liquid medium, however, maintenance of full-
length dengue sequence in DHSaF’ was similar to
STBL2 in the third experiment.

Table 3
Sequence differcnces between cDNA clones derived from two substrains of dengue serotype 2 virus strain {6681*
Gene Rase position MNucleotide Amino acid Noie
CDC CMU CDC  CMU
NSI 2943 A C Lys Asn Present in 2/2 clones and PCR product
NS2B 4308 C T Val Val Present in 2{2 clones
4340 G GfA Ser Asn A4340 was found in 1/2 clone, but not PCR product
NS3 4530 A G Vai Val Present in 22 clones
NS5 8155 G A Ala Thr Present in 22 clones and PCR product
B5TL C T Val Val Present in 2/2 clones
¥ 10331 A G - - Present in 6/6 clones and PCR product
Non-translated
Region
10403 T TiA - -~ TI0403, C1056¢ pattern was found in 4/6 clones and
PCR product
10561 A cia - - Al0403, A1056] pattern was found in 2/6 clones, but

not in PCR product

® Variations at the positions 2943, 4308 and 4340 reported in this study (CMU sequence) were detenmined from two 5-half
genomes, the rest were from two to six 3%-half genomes. The CDC sequence {Kinney et al, 1597) was from GenBank accession

number U37411.

Table 4

Stability of pBluescript IT KS-based full-length dengue ¢DNA clone in E. cofi

. Round no.

E. coli strain Propertion of colony with {uil-length ¢eDNA
Experiment 1 Experiment 2 Expeniment 3

i STBL2 18/18 9110 20720
DHSaF 17117 /9 17720

2 STBL2 19/19 20420 1920
DHj5uF 11718 14720 20420

3 STBL2 19720 20120 20/20
DH5aF 10413 5/16 20420

4 STBL2 20420 20420 21420
DH3aF tif18 0/20 24/24
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Fig. 1. Comparison of the Pstl digestion pattern of the parent
virus and the Pstl-marked plasmid-derived virus. Genomic
RNA was extracted from culture supernatant of 16681
parental virus and the Psrl-marked plasmid-derived virus and
the region nt 134-2504 amplified by reverse transcription-
polymerase chain reaction. The amplified products were
purified, digested with Pstl, separated in 1% agarose gel, and
stzined with ethidium bromide. Lane |, DNA marker (1 kb
Molecular Ruter, Bio-Rad. Hercules, CA, USA); lane 2, 1668
parental virus; lane 3, Pst[-marked plasmid-derived virus. Lefl
arrows indicate two Psrl fragments (1133 bp and 190 bp}
derived from Pst1 digestion at three positions (nt 212, 402 and
1533) of parent virus genome. Right arrow indicates the 1323
bp stk fragment resulting from a loss of the middle Pst1 site
at i1 402 in the Pstl-marked plasmid-derived virus.

To rule out the possibility that stable retention
of full-length dengue genome is unigue to pBlue-
script 11 K8, the entire cDNA was transferred to
another high copy number plasmid. pGem 3Z.
Analysis of E. coli transformants also revealed

good retention of dengue genome in this plasmid

(Table 2, experiment 5). Similar to pBluescript I
KS, the retention was observed only in pGem 3Z
transformants displaying small colony morph-

ology.

3.3. Expression and kinetics of replication

A full-length ¢cDNA clone of strain 16681 was
restricted at the 3' end with Xbal, digested with
proteinase K and employed as template for in
vitro transcription using SP6 RNA polymerase.
Lipofectin-mediated transfection of either un-
purified, or DNAse-treated. RNA affinity
column-purified capped transcripts into C6/36
mosquito cells and BHK cells resulted in replica-
tion of dengue virus in transfected cells as evident
by strongly positive cytoplasmic staining of virtu-
ally all cells with the monoclonal antibody 4G2 in
a 4-step peroxidase-antiperoxidase staining and
indirect immunofluorescence assay after 3—4 days
of transfection. When plasmid-derived resultant
virus was propagated one to two times in C6/36
cells and quantitated by plaque assay in Ps clone
D cell line, its mean titer was similar to that of
parent virus (16681 parent, 8.64 x 10% pfu/ml, n=
2; plasmid-derived virus. 3.24 x 10° pfu/ml, n=
2).

To ensure that the plasmid-derived virus was
not a laboratory contaminant, a point mutation
A402C, which abolished the middle among the
three Pst] sites in the viral genome, was intro-
duced into the 5-half genome and incorporated
subsequently into a second full-length clone and
resultant virus. When viral RNA was reversed
transcribed and amplified, testing for this Pst] site
revealed that it was indeed absent from the second
plasmid-derived virus (Fig. 1).

Comparison of replication kinetics was per-
formed with the PssI-marked, plasmid-derived
virus against parent virus by infecting Ps clone D
and C6/36 cell lines in parallel and collecting
culture medium for plaque assay for i and 2
weeks, respectively. Using the multipticities of
infection (moi) which were previously determined
for each cell line to allow slow increase of resul-
tant viruses during a peried of several days, the
multiplication of the plasmid-derived virus was
found to be indistinguishable from the parent
virus in both cell lines (Figs. 2 and 3). To further
investigate the fidelity of virus derived from
pBluescript-based clone following repeated pas-
sages in E. cofi, DH5aF’ trunsformed with the
Pstl-marked, full-length ¢cDNA plasmid was sub-
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jected to eight growth-storage-growth cycles and
then the plasmid was used to generate capped
RNA transcript in vitro. Following transfection
and (wo passages of plasmid-derived virus in C6/
36, enumeration by plaque assay revealed that the
mean infectious titer (1.52 x 10° pfu/ml, n=2)
and replication kinetics of the high passage, plas-
mid-derived virus were comparable to both
parental and Jow passage viruses (Figs. 2 and 3).

To examine the preservation of antigenicity of
structural proteins during passages of full-length
cDNA clone in E. coli, the size and antigenicity of
two glycosylated virion proteins, E and prM, of
both low passage and high passage plasmid-
derived viruses were compared with parent virus
in immunoblot analyses. Testing with pooled,
convalescent sera and monoclonal antibodies spe-
cific for E (4G2 and 3HS) and prM (2H2 and
4C1) revealed identical immunoreactive bands
corresponding to glycosylated E and prM proteins

from the three virus preparations (Fig. 4). Ia
addition, two monoclonal antibodies (1B2, 1A4)
specific for dengue NSI protein reacted equally
well in an indirect immunofluorescence assay with
C6/36 cells infected separately with the three
viruses (data not shown).

4, Discussion

By simply incubating bacterial ransformants at
reduced temperature and selecting with low con-
centration of ampicillin, it was possible to clone
full-length cDNA genome of a dengue serotype 2
virus in a commercially available high copy num-
ber plasmid. The ¢cDNA was quite stable upon
propagation in two E. cofi strains tested and was
readily transferred into another high copy number
plasmid. Following expansion in C6/36 mosquito
cells, first-passage and eighth-passage plasmid-

I 16681 parent

Virus Titer (Log, , pfu/mL)
w

Do D1 D3

Ptasmid-derived, first passage
W Plasmid-derived, eighth passage

G5 D7 Dg D14

Day of Infection

Fig. 2. Comparison of replication kinetics of plasmid-derived 16681 and parent viruses in mosquito cells. Confluent C6/36 cells in
T25 flask were infected with plasmid-derived viruses and parent virus at the moi of 0.001 at room temperature overnight. The moi
was previously determined (o allow slow increase of resultant viruses during a period of several days. Culture media was then
removed and replaced with L15 medium supplemenied with 1.5% fetal bovine serum. Virus titer was deterrnined at various days
after infection by plaque assay in Ps clone D cells and expressed as log,, plu/ml. Data bars represent mean and S.E. of virus titers

derived from three separate experiments.
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Fig. 3. Comparison of replication kinetics of plasmid-derived 1668] and parent viruses in mammatian cells. Confluent Ps clone D
monolayer in T25 flask was infected with plasmid-derived viruses and parent virus at the moi of 0.01 at 37°C for 2 h. Culture media
was then removed and replaced with Li3 medium supptemented with 1,5% fetal bovine serum. Afier seven days of infection there
were extensive celi death and detachment of Ps cell monolayer in infected cullures. Virus titer was thus determined at various days
within a week of infection by using plaque assay in Ps clone D) cells and expressed as tog,, pfu/ml. Data bars represent mean and
S.E. of virus titers derived [rom three separate experiments.
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Fig. 4. Immunoblot analysis of E and prM proteins. €6/36 culture supernatant {100 pl) 1aken alter infection with parent 1668) strain
{3ane 1), first-passage and eighth-passage plasmid-derived viruses (Janes 2 and 3, respectively) were centrifuged at 25 000 x g for 90
min. Viral pellet was dissolved in SDS-containing loading buffer without boiling, separated in 5-15% polyacrylamide ge} and blotted
onto nitroceilulose membrane. Detection was performed with pooled. convaleseent human sera (panet A). two monocional
antibodies against E protein, 4G2 (panel B) and 3HS5 (panel C), and two monoclonal antibodies against prM protein, 2H2 (panel
D) and 4C1 (panel E) followed by appropriate horseradish peroxidase-conjugated anti-IgG antibodics and chemiluminescent
substrate. E and prM proteins were indicated. Mobility of motecular weight markers (benchmark prestained protein ladder, Gibeo
BRL, containing the 194, 120, 87, &4, 52, 39, 26, 21 and 15 kDa bands) are indicated on the Jeftmost lane.

derived viruses replicated in mosquite and mam- derived viruses were indistinguishabie antigeni-
malian cell lines with the same Kinetics as the cally from parent wvirus when tested by
parent strain. Both preparations of plasmid- immunoblot analysis with convalescent sera and a



R. Sriburi et al. / Journal of Virological Methods 92 (2001) 71-82 8}

panel of monoclonal antibodies directed against
two glycosylated virion proteins. These results
clearly demonstrate the feasibility of cloning
whole dengue virus serotype 2 genome in high
copy number plasmids and propagating them di-
rectly in E. coli.

It is not yet clear how reduced temperature and
low antibiotic selection affects recombination ma-
chinery of E. coli allowing the retention of dengue
sequence in high copy number plasmid. These
conditions de not prevent completely rearrange-
ment andfor deletion of the viral sequence, but
allow a large fraction of host cells to maintain
complete viral genome. When structural gene re-
gion of hepatitis C virus, another member of
Flaviviridae, was cloned in an expression vector
and propagated in E. coli at 37°C, a high fre-
quency of point mutations and small deletions of
the viral sequence was observed (Forns et al,,
1997). 1t was proposed that spurious transiation
of virus sequence in E. cofi cells might result in
product that was toxic to the host and was se-
lected against by frequent mutations (Forns et al.,
1997). It is possible that toxic product was also
generated when dengue sequence was cloned in
high copy number plasmid and propagated in E.
coli. At 25°C the efficiency of which toxic product
was generated from dengue sequence might be less
than at 37°C, resulting in reduced selective pres-
sure against intact dengue sequence at this lower
temperature. This possibility agrees well with a
previous observation that a Jarge proportion of
full-length dengue ¢DNA clones, although dis-
playing appropriate restriction enzyme digestion
pattern, was not capable of initiating viral replica-
tion after they were propagated in E. coli at 37°C
(Polo et al., 1997). Toxicity of viral product gen-
erated in E. coli may also explain our observation
that E. cofi harboring full-length dengue cDNA
sequence (the 3’ half-genome sequence was in-
serted in the correct orientation) did not grow as
well as the omes in which the 3’ half-genome
sequence was inserted in the inverse corientation.

In addition to the use of fow incubation tem-
perature and antibiotic selection, we adopted sev-
eral technical approaches that were particularly
helpful. First, the use of thermostable DNA poly-
merase mixture for polymerase chain reaction not

only epables amplification of long cDNA
stretches but also reduces base incorporation er-
ror (Barnes, 1994; Cheng et al., 1994), thus allow-
ing us to clone entire viral cDNA sequence in
three overlapping segments with minimal se-
quence alteration. Second, sequence analysis of at
least two 5’ and 3’ half-genomes in parallel and
comparison with corresponding regions of PCR

- product help to distinguish erroneous bases intro-
" duced into cDNA during in vitro manipulations

from variations and mosaic sequences, which in-
variably occurred as a result of genetic drift dur-
ing repeated viral passages. Third, correction of
erroneous base in subgenomic clones prior to the
final ligation step ensures that the resultant full-
length clone wili be highly similar, if not identical,
to the most prevalent virus present in the popula-
tion chosen for cloning (Kinney et al, 1997).
Because corrective manipulation is easier to per-
form with known erctors at the level of subge-
nomic clones, these steps help in lowering
technical difficulty and reducing delays inherent
to the manipulation of full-length clone in addi-
tion te avoiding the uncertainty of blind
correction.

An advantage in using high copy number plas-
mid as cloning vector is a greater flexibility in the
manipulation of viral sequence. When the entire
genome of strain [6681 is cloned into the chosen
Xbal-Kpnl sites of pBluescript 1I K§, at least 30
restriction enzyme recognition specificities, which
are present only once or twice in the viral genome
but absent from the plasmid, are available for
manipulating viral sequence. In comparison, two
low copy number plasmids that were employed
previously in the cloning of dengue serotype 2
genome, pBR322 (Lai et al,, 1991) and pWSK29%
(Wang and Kushner, 1991; Gualano et al., 1998),
would allow only 17 and 25 specificities, respec-
tively, to be used. Although the latter plasmid
contains multiple cloning site that is very similar
to pBluescript II, the exchange for low copy
origin of replication results in acquisition of a
large DNA segment making a number of restric-
tion enzyme specificities in the viral sequence un-
usable. Enhanced flexibility in manipulating
dengue cDNA sequence, which resulted from
cloning viral genome in high copy number plas-
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mid as reported herein, wil] be helpful in studying
biclogy of dengue virus, especially in the delin-
eation of structure-function relationship of virally
encoded proteins and non-coding viral sequence
in the future.
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Summary. A splicing defect with 201 nucleotide
deletion in the factor VII transcript due to IVS1S +
IG > T murtation inactivadng this donor splice site
and activating a crypric acceptor splice site in exon
16 was identified in a severe haemophilia A patient.
Allele specific amplification (ASA) method was

successfully developed for direct detection of this
mutaron.

Keywords: factor VIII gene; factor VIO transcript
haemophilia A; mucation detection; splicing defect;
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Mutations of the facvor VIO (FVII) gene are
heterogeneous; the common mutations are gene
inversion, missense, and nonsense alrerations [1,2].

RNA splicing defects are less common and have
* wsually been identified from nucleotide changes at
the donor or acceptor splice sites of the gene. Their
me effects on splicing of the mRNA transcripe
have, however, rarely been substantiated. The
presence of illegicimately manscribed FVIII mRNA
in the peripheral iymphocytes {3-7] provides an
opporrunity for ex wivo analysis of its splicing
‘defect. We have analysed the FVII mRNA from
haemophilia A patents to investigate its splicing
defects. A splicing defect in the FVIII transcript, due
%0 a mutation at the donor splice site in intron 15 of
.~ the gene, resulting in exon 15 skipping and partiai
exon 16 deletion, was observed in a patient of one
family. The effect of this mutation was found to be
gieater than that one would predict from cnly the
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effects of the site where the mutatdon occurred. It is
an example of 2 mutation that not only abolishes
the functions of both donor and adjacent acceptor
splice sites but also activates a nearby crypnc
acceptor splice site, revealed by the mRNA study.
The allele-specific amplification (ASA) method was
developed for specific and direct detection of this
mutacion in members of the family.

Eighteen Thai haemophilia A patiencs from unre-
lated families were studied. Blood samples (~ 10 ml)
from the padents were collected with informed
consent. RNA was prepared from lymphocytes and
DNA from the remaining white blood cells by
standard procedures. The FVIII gene inversion was
excluded by Southern blot hybridization. Full-length
FVIII ¢DNA was synthesized from mRNA and
amplified by polymerase chain reaction {PCR). The
amplified cDNA was fractionated into overlapping
fragments by nested PCR [4]. The details of PCR and
nested PCR conditions have previously been des-
cribed in our work [7]. The PCR products were
examined by agarose gel electrophoresis. Restriction
endonuclease analysis of the abnormal PCR product
was performed by using Avall, Haelll, Pstl, and
Sau3Al, and the digested DNA fragments were
examined by agarose gel electrophoresis. The regions
suspected to carry the muration were amplified from

335
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‘the patient’s genomic DNA for sequencing analysis.
The nucleotide sequences of amplified cDNA and
genomic DNA fragments were analysed by automa-
ted sequencing.

The ASA method was invented for direct detection
of the observed murtation. Primers for murant (5
TTCCACTGTCCCTAACCCAA 3') and wild-type
' TTCCACTGTCCCTAACGCAC 3) alleles were
woupled with a common primer (5" GGATGTGAGG
CATTTCTACC ¥). The two allele-specific primers
had a different nucleotde at their 3’ termini (under-
lined), bur were complementary to those in the
woresponding allele. Two destabilizing mismacch
aucleotides were deliberarely introduced ar che
ﬂourrh and ninth posidons (also uaderlined) to

ease its discrimination power and specificity in
mplification [8]. A pair of internal control primers

3 AACACTCCAGTCTGCCATATCACC 3 and

' CCTGCATCATTIGTGGATTGTGAC 3 were
" also included in the reaction. ASA was performed for
40 cycles at 94 °C for 30 s, 58 °C for 30s, and

12°C for 35 s.

The result of FVIII mRINA analysis showed that a
NA fragment from one our of 18 haemophilia A
'cms had a shorter leagth (~ 1000 bp) than that of
' fhe normal one (1217 bp) (Fig. 1A}, while this and
“Gher fragments in the remaining patients were found

0 be normal. The restriction endonuclease analysis

mdicated that the deleted region located in the
equences of exon 15 and 16 (data not shown}. The
‘#quencing analysis of this fragment demonstrated a

dletion of 201 bp involving the entire sequence
1154 bp) of exon 15 and a 47-bp region of exon 16
ifig. 1B). To investigate the primary molecular
\Gfect, the regions of exons 15 and 16 and their

‘#on/intron  boundaries were amplified from the

ptent’s genomic DNA to analyse by sequencing
ethod. The result showed a single nucleotide
sbstitution, G to T at the first position of donor
splice site of intron 15 {IVS15 + 1G > T) (Fig. 1C).
s muration was also observed in an affected
wunger brother by sequencing analysis (data not

own). Because the mucation did not change a
@imiction site of any known restriction endonucleas-
& the ASA technique was therefore developed for

fect mutation analysis. The ASA method was used
B detect this muctadon in the family members
{Fig. 1D) and unrelated normal individuals including
1l males and 50 females {a total of 110 chromo-
mes) to also prove its specificity to che disease.
bt mutation was found in cthe DNA samples from
tie patient, the mother and affected younger brother
3 was not observed in those from the father or
gaffected younger brother, nor in the samples from
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Fig. 1. {A) Amplified factor VIO<DNA fragmencs from a normal
individuz! {lane 2) and the hacmophilia A patient {lanc 3}, which
15 ~ 200 bp shorter. The primers for amplificadon this fragment
were FBNJA (8 ACCCACCAGTCTITCGAAACGC 37 comple-
mentary to the sequence in ¢xon 14 and FEN35B (§° TCCA-
TATTGTCCTCAAGCTG 37 complementary to the sequence in
exon 20. Laae t is a 100-bp ladder. (B} Diagram depicted from
sequencing data of the patient’s cDNA fragment showing deledon
of entire exon 15 {154 bp) and frst part of exon 16 (47 bp}
{shaded area); exon 14 and the remaining exon 16 were joined. (C)
The mutation in the patient’s factor VIO gene. The donor splice sice
of intron 15 was altered from GT ro TT and the cryptic splice site
in exon 16, where AG followed 2 polypyrimidine crack, was
actvared. The abonormal mRNA is shown underneath. (D} Direct
mutatden analysis by the ASA method in the family members. The
pedigree is shown above the gel. DNA sample from cach individual
was amplified for both wild-type (Wt} and mucant (Mt} alleles,
generating the same product size of 241 bp. Primers amplifying
exon 26 of the factor VI gene, producing a 392-bp product, were
added for internal control amplification. The normzl contrel (N,
the father {8/1), and unaffected younger brother (8/4) showed only
the product of rthe wild type. The patient {8/3) and affecied
younger brother (8/5) had only the mutant product. The morher
{8/2}, who was a cagrier, had both products.

normal individuals, indicating that it was a disease
mucation. )
The result of our study has demonstrated chat

" the muration at the donor splice site in intron 15

(IVS1S + 1G> T) of the FVIH gene caused the
skipping of the entize 154 nucleotide sequence of
exon 15 and the deletion of the first 47 nucleotides of
exon 16, which could not be predicted from the result
of muration study of this gene without the mRNA
analysis. The defetion of 201 nucleotides in the FVII
mRINA would result in a missense alteration of a
codon at the position 1721 (AGG > AGC) leading to

© 2001 Blackwell Science Lid
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substitution of arginine by serine (R1721S5) and
in-frame deletion of the sequence encoding 67 aminec
acids (from positions 1722-1788) in the A3 domain
of the FVII protein. This abnormal FVIII protein
would have a severe structural change and loss of its
function because a highly conserved region is deleted,
which is supported by the finding of severe deficiency
of FVIII:C (< 1%) in the patient and in his affected
younger brother. Alchough the same muracion was
previously reported in a severe case of haemophilia A
[9], its effect on the FVIII mRINA has never been
examined. Our study has provided more data and
insight into its novel effect on the FVITI transenipe as
described.

This IVS15 + 1G > T muradon directly inactivates
the donor splice site of inwon 15, affects the
utlizacions of the acceptor splice site of intxon 14
and the accepror splice site of intron 15, and
activates a cryptc splice site in exon [6. Examina-
on of the sequence data in the region of exen 16
shows a long polypyrimidine mack followed by an
AG dinucleotide ar positons of 46—47, the charac-
teristic feature of an acceptor splice sice (Fig. 1C).
It is interesting thar when the donor splice site of
imtron 15 approximately 1.3 kb away was murated,
this cryptic acceptor splice site was activated and was
more preferable than the usual acceptor splice sites of
introns 14 and 15. This led to exon 15 skipping and
partial exon 16 deletion, instead of éxon 15 retendion
or solely exon 15 skipping. The fact that the normal
¢DNA or other fragment was not derected in the
patient’s sample indicated thac the cryptic acceptor
splice was used exclusively. The activaton of this
eryptic accepror splice site has also been noticed in a
case of severe haemophilia A due 1o a missense
[R1781H} mutation in exon 16 of the FVIII gene,
esulting in the absence of the first 47 nucieorides of
egxon 16 in approximately 80% of the processed
FVYHI mRNA [10]. From this as well as our finding, it
s possible that the accepror splice site in intron 15 of
the FVIII gene is highly sensinve to inactivation by
nucleotide alterations either in cthe nearby region, or
i the donor splice site region (even though the larrer
I8 1.3 kb away). The crypuc acceptor splice site in
exon 16 is relatuvely more active than the usual
acceptor splice site when the latter is affected by a
nucleotide change. However, calculacon and com-
parison of scores between the native and the cryptic
splice sites based on nucleotide weighre tables [11] did
not give the explanation for this preferential selec-
tion. The selection of the cryptic accepror splice sice
may be influenced by the flanking nucleotide
sequences of boch native and cryptic splice sites.
‘More data on the analysis of mutarions in this region

€ 2001 Blackwell Science Lid

of the gene, combined with the result from an FVII
mRNA study similar ro thac which has been presen-
ted in this report, would provide more insight into
the mechanistn controlling the selection of splice
signal in the eukaryotic cells.

The ASA method developed for direct derection of
the mutacion can be used for decermination of carrier
starus in other female members of this family. It has
also served as an example for the development of this
merthod as a molecular diagnostic ool for direct
mutation analysis of the FVII gene in other haemo-
philia A families, especially large families with many
at-risk female members.
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grder to Identify new molecules Involved in regulation ot T cell proliferation, we generated

mAb by immunization of mice with the T cell line Molt4. We tound one mAb (termed P-

'that down-regulated the /n vitro T cell profiferation induced by CD3-specific OKT3 mAb. The
0 mAb was also able to Inhibit IFN-y, IL-2, IL-4 and IL-10 production of OKT3-activated T cells.
antigen recognized by P-3E10 mAb Is broadly expressed on all hematopoietic as well as on all

© 2002 The Japanese Society for immunafogy
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entical to the B3 subunit of the Na,K-ATPase.

pduction

orchestrated cogperation of stimulatory and suppres-
immune pathways is required in order fo defeal patho-
without causing harm to self tissues. Under certain
mstances, such as auloimmunily or hypersensitivity, the
2 system fails to reach this harmony and becomes

2 threat than a favor. In such cases, therapy is directed
'Suppress autoreactive responses and thus 1o restore the

glral balance of the immune system. Characterization of the

ar mechanisms underlying negative immune regula-

o lssupposed lo provide targets for clinical inlerventions (1-

# The inferaction between T cells and antigen-presenting

'—l' 5 (APC) seems to be a key event leading to activation of the
Jular branch of immunity. Examples of molecules and their

ematopoletic cell lines tested so far. Within peripheral blood leukocytes, the P-3E10 antigen
detected on lymphocytes, monocytes and granulocytes. Human umbilical vein endothelial
(HUVEC) alsc scored positively. By evaluating the effect of P-3E10 mAb on these cell types
ind that It also inhibited anti-igM-induced B celi proliferation. However, it did not block
factor-mediated proliferation of HUVEC, and spontaneous proliferation of SupT-1, Jurkat,
and U937 cell lines. Moreover, it did not influence phagocytosis of human blood moenocytes
granulocytes. Blochemical analysis revealed that the P-3E10 antigen Is a protein with a mol. wt
-50 kDa under non-reducing and 50-55 kDa under reducing conditions. By using a retrovirai
g system, the P-3E10 antigen was cloned. Sequence analysls revealed the P-3E10 antigen to

ligands invoived in this interaction include CD4-MHC class Il
(5). CO8-MHC class | (6) and CD28/CTLA-4-CO80/CDBG (7-
9). Therefore, the most suppressive therapeutic agents being
developed target those molecules on the surface of both T
celis and APC which are essenlial for regulation of T cell
activation {10,11). For insiance, immunosuppressive agents
specific to the TCR complex molecules CD3, CD4 or CD8 as
well as lo the co-stimulalory molecules and their ligands
CD28-CD8D. CD152-CD86 or CD40-CD154 have been
designed and used wilh success (10-12). In adciion, some
molecutes not directly involved in T cell activation atso appear
to be a reasonable target for immunosuppressive treatiment,
e.g. P-glycoprotein (13).

ndence to: W. Kasinrerk: E-mail: watchara@chiangmai.ac.th

tting editor. 1. Pechl
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han attempt 1o identify new molecules involved in regula-
M of T cell proliferation, we generated hybridomas from
8LB/c mice immunized wilh the T cell line Moltd and
|L"' ned them for the ability 1o inhibit T cell activation. From
"? g olhers, we selected one mAb (termed P-3E10) that
wn-regulated the T cell proliferation induced by immobilized
ific mAb OKT3 as well as production of IFN-y, IL-2,
and IL-10 i vitro. To identity the molecule recognized by
"f mAb we cloned Ihe encoding cDNA using a retroviral
ssion cloning system (14-16) and found that o is
ical 1o the Na K-ATPase B3 subunit.

|}l: spe
S

Ilr-

bels, reagents and antibodies

i fuman hematopoietic and non-hematopoietic cell lines
0 in s study were maintained in RPMI 1640 medium
Miplemenied wilh 10% FCS (Gibco. Grand lsland, NY).
pgfml gentamicin and 2.5 ug/ml amphotericin B in a
diied atmosphere of 5% CO, at 37°C. Phoenix pack-
0 cells. an ecotropic retroviral packaging cell line
oped by Nolan et al. (14), were maintained in DMEM
smented with 10% FCS.
pheral blood mononuclear cells (PBMC) were isolaled
healihy donors by Ficoll-Hypaque density-gradient
ugation {Pharmacia Biotech, Uppsala, Sweden).
The CDS9 mAD MT99/3 (IgGi2a isotype), CD147 mAb M6-
B8 (lgG2a isotype) and the mAb KLH (IgG2a isotype)
for the keyhole limpel hemocyanin molscule were
@eried by us [(17.18) and unpublished dataj. The mAb
Bl-188 (CD56: IgG2a isotype), MEM-MB/2 (CD147: 19G2a
f. fpe) as well as the mAb against human a-tetoprotein AFP-
T\{: 1 isolype) were kindly provided by Dr V. Horejsi
llute of Molecular Genetics, Academy of Sciences of the
SQ&ch Republic. Prague, Czech Republic). Mouse 1gG2a,
fG 10, was purchased from Sigma-Aldrich (St Louis, MO).
; Ab 4G2 (1gG2a isotype) specific for E protein of dengue
- kindly provided by Dr P. Malasit (Medical
nology Unit, Mahidol University, Bangkok, Thailand).
% 106 isolype mAb were purilied by using a Protein A-
Sepharose column (Zymed, San Francisco, CA)
Wrding 10 the methods described elsewhere (19).

5
f

ingoma production

b P-3E10 was generated by immunization of a fernale
{;j.‘_"-?-- mouse 3 times i.p. al 1-week intervals using 1 x 107
Wi cells. Then, the mouse was boosted i.v. using 1 x 108
. Splenocyles were collected and fused with P3-
8653 myeloma cells by standard hybridoma fusion
h using 50% polyethyleng glycot and HAT medum
#Elion. The 1gG2a isotype of the mAb was determined
B0 an isotyping ELISA kit (Sigma-Aldrich).

F eration assay for lymphocytes

ml!ure was set up in a flat-boltom 96-well plate (Nunc,
witide, Denmark) in a final volume of 200 piwell, Tripiicale
Wois of 1 % 105 or 5 X 10° PBMC were activated using
il‘ Bilized CO3 mAb OKT3 (20 ngiml or 1 pgiml: Ortho
SSimaceuticals, Raritan, NJ) or soluble goat anti-human Ighi

fi="

anlibody (10 pgfml; Hyland Diagnastics, Deerfield, MA)
respectively in the presence or absence of various concen-
trations of tested mAb. The cultures were incubated for 3 days
in a 5% CO; incubator at 37°C and then 1 pCiwell of
[*H]thymiding (Amersharn Pharmacia Biotech, Freiburg,
Germany) was added. The culture was incubaled for an
additional 18 h before harvesting. ncorporated radioactivily
was counted in a liguig scintillation cgunter (MicroBeta;
Wallac, Turku, Finland).

Frohferation assay for cell lines

For ihe cell line proliferation assay. triplicate aliquots of 1.5 x
10¢ cells were cultured with 05 pCifwell [PHhihymidine
{Amersham Pharmacia) with o without 2.5 pg/mi P-3E10
mAb. The cultures were incubaled for 3 and 5 hiin a2 5% CO;
incubator at 37°C. Then the culture was harvested and the
incorporated radioaciivity was counted i a liquid scintillation
counter (Wallac).

Prohteration assay of human umbilical vein endothelial cells
(HUVEC)

HUVEC were isolated by collagenase digestion. Briefly,
human umbilical veins were flushed with Ringer's tactate and
then incubated with 0.5 mg/ml collagenase type Il (Sigma-
Aldrich) at 37°C for 30 min. Detached HUVEC were collected,
washed, and then cultured in fibronectin-coated flasks {Nunc,
Naperville, IL) using M199 medium that contained 20%
supplemented calf serum (SCS; Hyclone, Logan, UT), 25 pg/
mi EC growth supplement {Technocione, Visnna, Austria), 5/
ml heparin, 2 mM L-glutamine, 100 U/ml penicillin, 100 pg/mi
streptomycin and 0.25 pg/mi! fungizone. Confluent HUVEC
ware gently lrypsinized, seeded onto 24-well plates {1.5 x 104
cellsiwell) and cullured in the presence of P-3E10 mAb or
isotype-matched control mAD at a finat concentration of 20 or
1 pg/ml in M199 medium supplemented with 20% SCS
(Hyclong). As negative control, the cells were cullured in
M199 supplemenied with 1% SCS. Afler 3 days of cultivatton,
cells were lixed by methanol and stained by crystal violet After
intensa washings, cells were solubilized in 0.5% Triton X-100
and the number of cells was determined by measuring the
-absorbance at 595 nm using an ELISA reader and a standard
curve,

Datermination of cytokine production

PBMC {1 X 109) in the presence or absence of various
concentrations of tested mAb (in a total volume of 200 ul) were
culture in a flat-bottom 96-well plate (Nunc) precoated with
mAb OKT3 {1 ug/ml). After incubation at 37°C in a CQ,
incubator for 24 or 72 b, the cullure supernatants were
harvested.

Cylokines were measured by sandwich ELISA using
malchad pairs of antibodies. Capture as well as detection
antibodies 1o human IL-10 were oblained form R & D Systems
(Minnaapolis, MN). For the determination of IFN-y a mAb
(clone 25718.111) trom R & D Systems was used as caplure
antibody and a mAD {clone GZ4} from Roche Diagnostics
(Mannheim, Germany) as detection antibody. For iL-2 and IL-
4, ELISA kits from Euroclone (Wetherby. UK) were used.
Standards consisted of human recombinam materal were
oblained from R & D Systens. Assays were sel up In
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\Fig. 1. P-3E10 mAb inhibits CO3-induced T cell proliferation. PBMC
were activated with immobilized OKT3 mAb at 20 ng/ml (A) or 1 ug/
il (B) in the presence of the indicated concentrations of P-3E10
‘mAb, isotype-matched contro! mAb (KLH and UPC 10) or medium,
The bars represent mean = S0 of 10 and six healthy donors for (A)
ad (B) respectively,

diuplicates and performed according to the recommendations
o the manufacturers.

Phagocytosss assay

£scherichia cofi was grown sn LB broth (Gibco) overnight at
JI°C. Cells were washed twice and resuspended in PBS. The
Oplical density of the baclerial suspension was measured at
800 nm and adjusted io 2.5. For phagocytosis assay, 100 pl of
EDTA-blood was incubaled with 25 pl of the bacterial
suspension in the presence or absence of 10 pg/ml of P-
SE10 mAD or isotype-matched control mAb at 37°C for 30 min.
The sample was then smeared on a grass slide and stained
with Wright's stain. Phagocytic cells were counted by light
microscopy.

Immunofluorescence analysis

mAb binding 10 cells was analyzed by ndirect immunofluor-
gscence using FITC-conjugaled sheep F(ab?), anti-mouse Ig
antibodies (Immunotech/Coulier, Miami, FL). To block non-
specilic FCR-medialed binding of mAb, cells were pre-
fcubated for 30 min at 4°C with 10% human AB serum belore

swaining. Membrane fluorescence was analyzed on 3
FACSCalibur (Becton Dickinson, Sunnyvale, CA) flow cylo-
meter. Individual populalions of bloed cells were gated
according 10 their forward and side scatler characienslics.

Labeling of cells and immunoprecipiation

For surface labeling. PB8S-washed ceils were biolinylaied with
Sulfo-NHS-LC-biotin {Pierce. Rockiord, iL} {5 mM) for 1 h at
4°C. The reaction was quenched by washing once with 1 mM
glycine in PBS and then twice with PBS. Cells (1 % 107) were
solubilized in 1 ml lysis bulfer (1% NP-40, 50 mM Tris-HCI, pH
8.2, 100 mM NaCl, 2 mM EDTA, 5 mM iodoactamide, 1 mM
PMSF and 10 pg/ml aprotinin). Cell lysates were precleared
with Protein A-Sepharose beads coaled with non-specific
mAb. Precleared lysates were then mixed with specilic mAb-
coated Protein A-Sepharose beads at 4°C for 24 h. After
immunaoprecipitalion and SDS-PAGE. biotinylated proteins
were ransferred 1o a nitrocellulose membrane. The membrane
was blocked with 5% skimmed milk in PBS for 1 h &l room
lemperature, The blocked membrane was incubated for 1 h at
room lemperature with avidin-peroxidase (Dako. Glostrup.
Denmark) and the biotinylated proteins were visualized by the
chemiluminescence detection system (Pierce).

Retroviral cloning of the P-3E10 molecule

The retroviral library construction was perlormed as described
previously {15, 16). In brief, a cDNA from human myeloid KG1a
cells was cloned into the retroviral expression veclor
pBabeMN, kindly provided by G. Nolan {Stanford University).

For transfection of the library, Phoenix cells at 50% confiu-
ence were harvested by trypsinization, and 3 X 107 cells were
added o a cocktail of 50 ml DMEM, 1% NuSerum (Genome
Therapsutics, Waltham, MA), 200 ug/ml DEAE-dextran, 25 uM
chioroquine diphosphate and 60 pg of the pBabeMN retroviral
library. The cells were kept in suspension for 2 h at 37°C,
washed once and cultivaled in a 175 cm? flask {Nunc) in
DMEM containing 10% FCS at 37°C. At 24 h post-transfection
the medium was renewed. Aller an additional 48 h of
cultivation at 32°C, (he wirus-comaining supernalant was
collected, supplemented with 10 upg/ml hexadimethrene
bromide (Sigma) and added to 1 X 108/ml BW5147 mouse
thymoma cells in 10 mi RPM! 1640 medium containing 10%
FCS.

For the isolation of P-3E10-reactive cells, infected BW5147
cells {4 > 107) were washed with PBS containing 1% BSA and
incubated with P-3E 10 mAb for 30 min on ice. After another
washing step the cells were incubated wilh goat anli-mouse
igG  microbeads {Miitenyi Biotec, Bergish Giladbach,
Germany) according to the manufacturer's insiructions. Afler
washing, cells were resuspended in 500 ul of MACS sorting
buffer (0.5% BSA/2mM EDTA in PBS) and loaded onto MS*
separation columns (Miltenyi Biotec) for positive selection of P-
3E10 transduced cells. The isolated fraclion was cultured in
RPMI 1640 medium supplemented with 10% FCS. Alter three
rounds of sorting, >95% of the isolated cells stained posilively
with P-3E10 mAD. Then, single-ceil clones were oblained by
hmiting dilution.

For recovery of the P-3E10 ¢DNA, tolal RNA was exiracled
from 1he single-cell clone using Tri-Reagent (Sigma}). RT-PCR
was performed with Stralascript {Stratagene, La Joila, CA) and
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L2 1L-10 and IL-4 were measured by ELISA.
1
¥ Advantage-GC polymerase system (Clontech, Palo Alto,
U8l using primers flanking the multiple cioning site of 1he
Bioviral veclor pBabeMN. The PCR was run for 30 cycles
W5 al 94°C. 30 s at 58°C and 4 min at 68°C). The purified
#R product was subcloned back into pBabeMN and trans-
Smed into £. coli DHSa. The piasmid DNA was isolated using
y0iagen Miniprep column according to the manufacturer's
summendation (Qiagen, Hilden, Germany). To confirm tha
SEiolated ptasmid encodes the P-3E 10 antigen, we used it to
ﬁfwsuﬁ cells as described above, and analyzed the
isductants for P-3E10 expression by indirect immunofluor-
g_mce and flow cytomelry. The plasmid was sequenced at
#BVBC-Genomics sequencing facilily (Bioscience Research,
ﬁna Auslria). :

fesults

'&@P—SE 10 whibits the OKT3-induced T cell proliferation

8 attempt 10 dentity new molecules involved in the
Suaton of T cell proliferation, various mMAL against
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Ry 2. P-3E10 mAD Inhiblts cylokine production. PBMC werg activated with immobilized C03 mAb OKT3 in the presence ol indicated
stenirations of soluble P-3E10 mab, isotype-maiched control mAb orf medium alone. The cullure supernalanis were harvested, and IFN-y,

leukocyte surface molecules were generaled using the T cell
ling Molt4 as an immunizing agent. The mAb were examined
for their ability 10 modulate T cell proliferation in mononuciear
cell preparations isolated irom penpheral blood. We iound that
one of the mAb, named P-3E10, inhibited the OKT3-induced T
cell proliferation Jin vitro. As shown in Fig. 1. T cell proliferation
was significantly inhibited by mab P-3E10 (n = 16). In contrast.
isolype-matched conlrol mAb, KLH and UPC 10, had no effect
on the response of T cells 10 immobilized OKT3.

Inhibition of cytoking production of T cells by P-3E10 mADb
PBMC were activated with immobilized OKT3 mab n the
presence or absence of soluble P-3E10 mAb, and IFN-y, IL-2,
IL-10 and 1L-4 were measured in the cullure supernatants oy
ELISA. tn the presence of P-3E10 mAb, production of all
cylokines tested was inhibited {Fig. 2). The isolype-maiched
control mAb, however, had no such effect.

Cellutar distribution of the P-3E10 antigen

To charactenze the molecute recognized by P-3E10 mAb,
various cell types were stained. Al peripheral bicod
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g 3. Distribution of the antigen recognized by 1he mAb P-3E10 on
! ral blood leukocytes (A) and various hematopoietic cell lines
E The indicated cells were stained with P-3E10 mAb {open) or
W01 control mab (solid) by indirect immunotluorescence. Data
I8 representalive of 10 independent donors (A} and ihres
‘WEoendent experiments (B).

JBkocytes (n1 = 10} ncluding lymphocytes. monocyles and
| Bnulocytes were posilive with mAb P-3E10 (Fig. 3A). Then
1 examined expression on hematopoietic cell lines. As
fown in Fig. 3(B). all cell fines 1esled, including B cell tines
| Biudi, JY and RAJI), T cell lines (Moit4, Sup T1 and Jurkal)
Mdmyelcid cell lines (KG 1a. HL-B0 and THP-1), were strongly
Silive with P-3E10 mADb. We also analyzed several non-
alopoietic cells and c¢ell lines, including HUVEC, 293
Wuman embryonic renal epithelial, MCF-7 breast cancer,
WMZ cvarian cancer and TCL kidney cancer cell lines. and
ind that all were clearly stained by P-3E10 mAb (data not
1. Thus. our results indicate that the P-3E10 antigen 1s a
ly expressed plasma membrane molecule.

&cr of mAb P-3E10 on non-T celis

\&cause of the broad expression of the P-3E 10 molecule, we
Bled Ihe effect of the P-3E 10 mAb on cells other than T cells.
hen we lreated anti-igM-induced B celis with 10 pg/ml of
BAG P-3E10. similar to the resulls obtained with T cells,
| moliferation was inhibited by 65 * 14% (mean = SO n = 3)

B 4). However, in contrast to lymphocytes. the mAb did not
ek proliferaton of HUVEC. Furthermore. it had also no
#ec) on the growth ol the hematopoigtic cell lings Sup T-1
Wikat Molt4 end U937, Moreover, we analyzed ihe influence
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Fig. 4. P-3E10 mAb rhibils ant-igM-induced B cell protiteration
£BMC were activaled with 10 pug/mil of sows'e anti-igv anuibody in
Ihe presence of 10 ugfml P-3210 mAn  sotype-matched control
mAD {4G2) o mediun alone The ba's represent mean * S0 of
percenl proliferation inhibition of three healthy donors.
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Flg. 5. Biochemica! characlerization of the cefl surlace molecule
recognized by P-3E10 ma