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We will trap genes using our pDisrup-8.0-lox retrovirus vector as we
published in BioTechniques (see attached article published in 2007)
using the cell line KBMY7.

We will randomly knockdown genes in haploid KBM7 cells using the
gene trapping retroviral vector pDisrup8.0-lox. We will then screen for
their phenotypes in cell death susceptibility to anthrax lethal toxin.
Genes trapped by the retroviral vector will be identified in clones
resistant to cell death to find novel genes involved in cell death.

KBM?7 cells were derived from the bone marrow of a patient with
myeloid leukemia (Experimental Cell Res 252, 273, 1999). The
retrovial vector was constructed from a retrovirus vector obtained
from Dr. G.P. Nolan as indicated the BioTechnigue paper attached.
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Mutagenesis by retroviral insertion
in chemical mutagen-generated quasi-haploid

mammalian cells

Sung O. Kim', Soon-Duck Ha', Sangun Lee?, Sarah Stanton?, Bruce Beutler?, and Jiahuai Han?

BioTechniques 42:493-501 (April 2007)
doi 10.21440001 12390

Diploidy is a major obstacle to the mutagenic analysis of function in cultured mammalian cells. Here, we show that 6-8 rounds
of chemical mutagenesis generates quasi-haploid cells that can be used as targets for insertional mutagenesis using a specially
designed retroviral vector that permits rapid identification of disrupted genes in each cell that bears a phenotype of interest. The
utility of combined chemical and insertional nutagenesis is illustrated by the identification of novel host genes that are requtired for
macrophage sensitivity to anthrax lethal factor.

INTRODUCTION

The creation ol novel phenotypes
and identification of the mutations
responsible has led to some of the
most important advances in biology.
[n mammalian systems, phenotypes
may be created either by modifying
the germline or by modifying cultured
cells, using either chemical or inser-
tional mutagens. Germline mutagenesis
can reveal phenotypes that are impos-
sible to produce in culture (e.g., behav-
ioral phenotypes or phenotypes related
to development). However, many basic
biological phenomena such as cell
cycle regulation and cell death can be
better explored using cultured cells.
Germline mutagenesis is limited by
the very low rate at which mutations
can be produced (by present estimales,
perhaps 100 times the background
rate). In vitro mutagenesis in cultured
cells can be expected to yield far higher
rates of mutation than the germline
approach. Because of the biological
complexity of animal models and
the time and expense involved in
breeding, cells and cell lines are often
preferred when cellular questions are at
issue. Unfortunately, forward genetic
studies in cultured mammalian cells,

as presently practiced, have serious
limitations (1-10).

Given that the cells used are
diploid, only a single copy of each
autosomal gene is generally destroyed
by mutagencsis in vitro, and breeding
cannol be used to achieve homozygosity
for mutations as it can be in germline
mutagenesis. In many instances, a
dominant phenotype is not rendered
and, indeed. cannot be rendered by
mutation. This problem has led to
develop antisense library approaches
(5.9,11,12), and rescue methods have
been developed to quickly identify
which antisense cDNA is responsible
for a given phenotype (9). But for many
genes, antisense RNA expression is
not effective in blocking expression.
The same problem is present il a
modified method, random homozygous
knockout (RHKQ), is used to produce a
phenotype (8). In recent years, the use of
small interfering RNA (siRNA) library
has attracted a great deal of attention as
a powerful tool for functional identi-
fication of genes (13-15). siRNA
is clearly much more efficient than
antisense RNA in knocking down gene
expression; however, there are still
some drawbacks. One study has shown
that sequence identity of as few as 11 to

12 nucleotides between an interfering
RNA and a messenger RNA (mRNA)
may be sullicient for interference o
occur (16). If this is true, then cross-
reactivity, which is referred to as the
off-target effect, could be a substantial
problem (17). Although RNA inter-
ference (RNAI) targeting efficiency is
much better than antisense, it is clear—
as in the case of worms or flies—that
different genes in mammalian cells are
turned down with differing efficiencies.
The potential interferon response Lo
siRNA expression in mammalian cells
could also interfere with some genetic
screens (18-20). Recently, two groups
of investigators generated embryonic
stem (ES) cell libraries with genome-
wide biallelic mutations (21,22). The
increase in the rate of loss-of-hetero-
zygosity (LOH) in Bloom’s syndrome
gene (Blm) deficient cells was used in
their strategy to generate these biallelic
mutations. Blm-deficient cells carrying
heterozygous mutations segregate into
homozygous daughters in vitro and
in vivo, presumably through mitotic
recombination between nonsister
chromatids. One group used Bim
knockout ES cells and another group
developed a tetracycline-inducible
system to transiently knockout Bim
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in ES cells. The rate of LOH in Blm-
deficient ES cells is 4.2 x 10~ and 2.3
x 10+ determined by the two groups,
respectively, which is approximately
a 20-fold increcase from the wild-type
ES cells. In order to allow the LOH to
occur in most of the loci, both groups
passed the mutated cells a number of
generations. As a result, the libraries
contained approximately 5 x 10%
cells, and among them, 0.01%-0.1%
cells containing biallelic mutations.
Although the rates of LOH were quite
low in these studies, considering the
hypomorphic allele used by the first
group and possible leaky inducible
system used by the second group, the
rate of mitotic recombination could
have been higher, and therefore, using
LOH to generate biallelic mutations can
be a very hopeful approach. However,
how the method will practically be
applied to other cell types remains to
be examined.

Retroviral insertion can create
a single mutation in a cell, and the
inserted retrovirus offers a tag with
which to find the mutated gene with
relative case (23,24). In principle,
insertional mutagenesis would be very
effective if haploid mammalian cells
could be created in culture. High rates
of mutations can be most efficiently
achieved by chemical mutagens
because of their potency and because
they can be applied to culture cells
multiple times.

Here, we describe a method
that utilizes the power of chemical
mutagenesis in vitro to generate a pool
of cells that can be regarded as quasi-
haploid. We then use a specifically
designed retroviral vector to randomly
disrupt genes that have been rendered
haploid, permitting rapid identifi-
cation ol each mutation that causes a
phenotype of interest.

MATERIALS AND METHODS

Mutagensis with Chemical
Mutagens

N-ethyl-N-nitrosourea  (ENU;
Sigma, St. Louis, MO, USA) was
dissolved in cqual portions of 95%
ethanol and PCS buffer (50 mM sodium
citrate, 100 mM sodium phosphate,
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Figure 1. Determination of chemical mutagenesis frequency and selection of lethal toxin-sensi-
tive clones. (A) Mulation frequency in RAW 264.7 cells treated with N-ethyl-N-nitrosourea (ENU) or
acridine mutagen ICR-191 or ENU plus ICR. Cells were treated with different rounds of chemical mu-
tagens. The mutation frequency was determined by the percentage of cells that had a recessive mutation
on the hypoxanthine phosphoribosy! transferase (/prt) gene. (B) The sensitivity to lethal toxin-induced
cell death of individual clones treated with or without chemical mutagens. The viabilities of each of indi-
vidual clones ol 50 parental and 72 chemically mutated clones treated with 500 ng/mL lethal Tactor (LF)
and protective antigen (PA) were measured by crystal violet uptake.

pH 5.0). Of-benzylguanine (O%-BG)
was dissolved in dimethyl sulfoxide
(DMSO). Approximately 50%
confluence cells in a 10-mm dish were
pretreated with [0 uM O%-BG for 12 h
and then treated with 0.35 mg/mL ENU
for 2 h in the presence of O%-BG. The
cells were washed and incubated with
fresh medium containing O06-BG for
24 h to recovery. The cells were plated
onto a 10-mm dish at approximately
1000 cells/dish. Four dishes were used
to measure mutation frequency, and the
other two were used for the next round
of mutagenesis. To detect hypoxan-
thine phosphoribosyl transferase
(Hpre) null mutants, individual clones
were picked from the 100-mm dish into
96-well plates. After culturing these
clones lor 24 h, 10 uM 6-thioguanine
(6-TG) were added to the medium,
and 6-TG-resistant clones were scored
I week later. Mutagenesis with 1.5
UM acridine mutagen ICR-191 was
performed the same as ENU, except the
time ol treatment was 24 h.

Mutagenesis with Retrovirus

The pDisrup 8 retroviral vector
was constructed as described previ-
ously, except a ribozyme sequence was
incorporated into the vector (23). A
blasticidin-resistant gene was used in
this vector because blasticidin selection
requires much less time than G418
selection. The virus preparation and
infection were performed as described

(25). Briefly. pDisrup 8 recombinant
retroviruses were generated in Phoenix
amphotropic producer cells using the
calcium phosphate method of trans-
fection. Viruses were produced at
32°C, and virus-containing medium
was collected 24 h postiransfection
and filtered through a 0.45-pm filter.
The haploid RAW 264.7 cell pool was
plated in 6-well plates at a density ol
5 % 105 cells/well. Retroviral infection
was performed by replacing medium
with 2 mL pDisrup 8 virus (containing
4 g Polybrene®/mL; Sigma), followed
by centrifugation of the 6-well plates
at 859x g tor 30 min at 32°C. The
infection efficiency was estimated by
paralleled experiments using a similar
retrovirus expressing green fluorescent
protein. Blasticidin (10 pg/mL) was
used to select blasticidin-resistant cells.

¥ Rapid Amplification of cDNA
Ends

The portion of the endogenous
gene that was tused with the blasti-
cidint gene was amplified by the 3
rapid amplification of ¢DNA ends
(3’-RACE) technique. Total RNA was
isolated, and reverse transcription
was performed with the primer 5'-
CCAGTGAGCAGAGTGACGAG
GACTCGAGCTCAAGC(T];-3". A
nested PCR was performed with the
resulting reverse transcription product
with the following primers: P1/Q1 (5'-
AAAGCGATAGTGAAGGACAGT
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GA-3" and 5-CCAGTGAGCAGAGT
GACG-3") and P2/Q2 (5-TGCT
GCCCTCTGGTTATGTGTGG-3" and
5-GAGGACTCG AGCTCAAGC-3).
P1 and P2 are located on the blasticidin+
gene, while Q1 and Q2 are on the anchor
sequence of the reverse transcription,
QT. The PCR products of 3’-RACE and
reverse transcription PCR(RT-PCR)
were directly sequenced.

Small Interfering RNA

siRNAs targeting cytohesin-4 or J x
recombination signal binding protein
(Rbp-jx), were stably expressed in
RAW 264.7 cells by using pSuper
vector (OligoEngine, Seattle, WA,
USA) encoding a neomycin-resistant
gene. All neomycin-resistant clones
were pooled and analyzed for anthrax
lethal toxin (LeTx) sensitivity. The
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Figure 2. Representation of pDisrup 8 retroviral vector-mediated insertional mutagenesis. (A)
Diagram of the retroviral vector pDisrup 8 used for gene knockout. Rz, ribozyme sequence: SD, splicing
donor; SA, splicing aceeptor; pA, poly(A) signal sequence: CMV. cytomegalovirus promoter; blusti-
cidin+, blasticidin-resistant gene: (B) Sequence of the ribozyme in the vector. (C) Viral insertion in
an intron. Opened bars are flanking sequence of genome at the insertion site. The upstream SD of the
endogenous gene splices with a vector-encoded SA and the transcript ends at the vector pA. The Rz
located 3 to the SA sequence cleaves the transcript and results in no gene product. The SD downstream
of the blasticidin+ coding sequence splices with endogenous SA to generate fused messenger RNA
(mRNA) capable of expressing full-length blasticidint gene product. (D) Viral insertion in an exon. The
transcript initiated by the endogenous gene directly fuse with the viral gene to end at the vector pA. The
ribozyme cleaves this transeript, and no gene product will be generated. The blasiicidint transcript will
join exons downstream of the insertion site by fusion or splicing events, depending on the presence of
a downstream SA. Full-length blasticidint gene product is produced. (E) Insertion occurs in the other
direction (either intron or exon) or not in a gene. The CMV promoter driven transcript of blasticidint
gene lacks a pA, which results in degradation of the transcript. No blasticidint gene product is produced.

LTR, long terminal repeat.
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sequence of the siRNAs are §'-
AAGGAGCTACAGCAGATCAAA
-3 for cytohesin-4 and 5'-
AAGGAGAGGAGTTCACAGTTA-3
for Rbp-jx. Predesigned siRNAs were
purchased Irom Ambion (Austin, TX,
USA) for Atp6vOc and Laptm3 and
Dharmacon (Chicago, IL, USA) for
hypoxia-inducible lactor [-o¢ subunit
(Hifl-o) and were transiently trans-
fected in RAW 264.7 cells by using
siPORT™ Amine transfection reagent
(Ambion). LeTx sensitivity was
analyzed 48 h after the transfection.

Cell Culture and Viability Assay

A single clone of RAW 264.7 cells
was isolated and used as parental cells
for the mutagenesis. The mutated cells
generated at every experimental step
were frozen to store at a very carly
passage to maintain original mutants
in the event that spontancous rever-
sions occurred during cell culture.
LeTx-induced cell death was measured
using crystal violet uptake as described
(26). Components of lethal toxin, lethal
lactor (LF), and protective antigen (PA)
were obtained from List Biological
Laboratories (Campbell, CA, USA)
and used at 1 pg/mL unless otherwise
indicated.

RESULTS

Development of Quasi-Haploid Cells
Through High-Intensity Chemical
Mutagenesis

A quasi-haploid culture can be
created by generating loss-of-function
mutations that affect one allele of
most or all genes within a culture of
limited complexity. The number of
cells that are needed to creale such
pool depends upon the percentage
of monoallelic mutations introduced
within each cell. It 10% ol genes are
mutated on one allele in each cell, and
if mutations occur at random, a pool
of 40 cells should contain monoal-
lelic mutations of 98.5% of all genes
[1-(1-X)n; X, mutation rate in each
cell; n, number of cells]. Thus, it is
feasible to obtain a pool ol cells with
a quasi-haploid background if we can
create functionally null monoallelic
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Figure 3. The fused messenger RNA (mRNA) of blasticidin+ and an endogenous gene in six anthrax
lethal toxin (LeTx)-resistance RAW 264.7 clones were amplified by 3’ rapid amplification of cDNA
ends (3-RACE) and analyzed by DNA sequencing. (A) Blusticidin+ encoding by retroviral vector
was fused with J K recombination signal binding protein (Rbp-jx) mRNA. The insertion occurred in an
intron between exon | and exon 2, which results in a disruption of one allele of Rbp-jx. (B) Blasticidin+
mRNA was fused with cytohesin-4 (Pscd4) mRNA. The viral insertion occurred between exon 6 and
exon 7. One allele of Pscd+ is disrupted. (C) Balsticidint mRNA was fused with subunit ¢ of vacuolar
H--ATPases (Atphvc) mRNA. The insertion is between exon 1 and exon 2. One allele of AtptvOc was
disrupted by retrovirus. (D) Balsticidin+ mRNA was [used with lysosomal-associated protein transmem-
brane 5 (Laptm3) mRNA. The insertion is between exon 2 and exon 3. (E) Bulsticidint mRNA was
fused with a hypothetical protein homolog to human mitochondrial carrier CGI-69 (LOC68066) mRNA.
The insertion is between exon | and exon 2. (F) Bulsticidin+ mRNA was fused with hypoxia-inducible
factor 1-ot subunit (Hif1-c) mRNA. The insertion is between exon | and exon 2.

mutations in 10% ol genes in each
cell of a relatively small population.
However, it is not intuitively clear that
such a high ratec of mutation can be
achieved.

To examine whether multiple round
of mutagenesis can create cells with

single allele mutations allecting 10% ol
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all genes, we used a male mouse-derived
monocytic cell line RAW 264.7 cells.
The karyotype of RAW 264.7 cells was
veritied to be diploid in naturc based on
chromosome-spreading and counting
analysis (data not shown). RAW 264.7
cells were exposed to several rounds
ol 0.35 mg/mL ENU or 1.5 uM ICR-

191 or both ENU and ICR-191. Of-BG
(10 uM) pretreatment was included to
increase the mutation frequency of ENU
(27). We tested for loss-of-function
mutations at the hemizygous (X-linked)
Hprt locus by growing cells in 10 UM
6-TG containing medium after each
round of mutagenesis.

The deleterious mutation frequency
at the Hprt locus reached 10-' after
6-8 rounds of exposure to ENU (Figure
1A). ICR-191-induced loss-of-function
mutations of Hprt were, as previously
reported (28), less frequent than loss-
of-function mutations induced by ENU.
The combination of the two mutagens
produced no signilicant additive effect
in RAW 264.7 cells (Figure [A).
Notably, the mutagenic elliciency
was increased with repeated cycles
of mutagenesis, which was peaked at
the fifth cycle. This phenomenon may
reflect progressive mutational degra-
dation of repair systems (e.g., defects
in DNA mismatch repair proteins)
that oppose mutational pressure. The
asymptotic decline in mutagenic
efficiency observed after the fifth cycle
presumably rellects a limitation in the
amount of mutations that the cell can
tolerate since we observed less cell
recovery in the later cycles.

Approximately | month was
required to complete eight rounds of
mutagenesis. While some parts of
the genome may be more resistant to
chemical mutagenesis than others and
functional heterozygosity is known
to be forbidden at some loci (29) and
while compound homozygosity for null
mutations may have also been achieved
at some loci (10,30), these should only
take a very small percentage of whole
genome, Therefore, based on the loss-of-
function mutations of Hprt, we consider
that approximately 12% ol the genome
was rendered functionally haploid by
repeated cycles of exposure to ENU
(Figure 1 A). However, the tolerance can
be attributed to loss- or gain-of-function
of genes other than Hprt. In addition,
a month of continuous culture with
repeated ENU treatments can provide
ample opportunity tor genetic drift, a
fortuitous progressive overgrowth of
a lew clones marked by the resistance
mutation. In this case, the saturated
ENU mutation rate will be lower than
we expected, and larger numbers of

Vol. 421 No. 42007



cells are required to be pooled to reach
a quasi-haploid background.

Selecting the Mutated Cells for the
Pool of Quasi-Haploid Cells

The quasi-haploid background
needs Lo be created as the starling
point for insertional mutagenesis, in
the expectation that most genes will be
susceplible to functional knockout only
by a single insertional event, In order to
achieve this, the cells that constitute the
pool of quasi-haploid cells should be a
set of phenotypically normal clones.

In the present example, the
phenotype to be identified is sensi-
tivity to LeTx-induced cell death.
Accordingly, a polyclonal population
of cells with residual sensitivity to
lethal toxin-induced death needs to be
culled from the starting population.
Seventy-two individual clones were
isolated at random from the pool of
cells that survived eight rounds of ENU
and ICR-191 treatment. Each of these
clones was tested for susceptibility
to lethal toxin-induced cell death in
comparison with parental wild-type
RAW 264.7 cells. About 50 clones
showed sensitivity to lethal toxin equal
to that of the wild-type RAW 264.7
cells. The remaining clones had some
alteration in their sensitivity to lethal
toxin-induced cell death (Figure 1B).
Forty-two lethal toxin-sensitive clones
were then mixed to yield the quasi-
haploid cell population that was used
as a target for the following insertional
mutagenesis.
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Phenotype-Based Screen of
Retroviral Insertion-Induced
Mutations in Quasi-Haploid Cells

Retroviral insertion can abolish
gene expression or produce a truncated
gene product depending upon the site
of insertion. Truncation of the gene
product might yield unpredictable
results, since some truncated proteins
might display dominant properties.
causing either a gain- or loss-of-
function. In order to produce gene
deletion and avoid gene truncation, we
incorporated a self-cleavage ribozyme
sequence into the retroviral vector
pDisrup 8 (Figure 2A). The sequence
of the self-cleavage ribozyme in the
vector was shown in Figure 2B. Any
transcript containing this ribozyme
will be destroyed, because the mRNA
will be self-cleaved and subsequently
degraded. Previous studies have shown
that this type ol self-cleaving ribozyme
results in a complete cleavage of RNA
(31,32), and in our experience, all of the
transcript incorporating the ribozyme
encoding sequence, generated by a
cytomegalovirus (CMV) promoter, was
destroyed (data not shown). In order to
select the cells that have viral insertion
in gene area and to quickly find the
insertion site, we adopted a poly(A)
trapping strategy (33). Poly(A) trapping
was selected over promoter trapping
because the marker gene expression
in poly(A) trapping docs not depend
on the activity of the endogenous
promoter, and 3’-RACE performed
after poly(A) trapping to identify the
disrupted gene is much casier to apply

S NESNTNSEGNYTNASTNST Wt
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S NG SNTNSEGNYTNASTNST

Rbp-jx’

R 4 Atpévac

Wt Atpbv0c?

Research Reports

than 5-RACE used after promoter
trapping. Previously., we have shown
that the poly(A) trapping method was
an effective and convenient approach
(25,34.35).

Figure 2. C-E, shows the conse-
quences of all possible retroviral inser-
tions events. Since the expression of
blasticidin+ gene is dependent on the
downstream poly(A) signal sequence
from the endogenous gene. blasti-
cidin resistance can be used to select
the cells that had a viral insertion in
genes (either in an intron or exon).
The inserted ribozyme will cleave the
transcript initiated by the promoter ol
a disrupted gene. Eighteen blasticidin-
resistant clones, resulting from viral
infection, were analyzed by Northern
blot analysis. Only one blasticidin+
transcript with different sizes was found
in each of the different clones (data not
shown), indicating that only one gene
disruption was occurred in most, if not
all, of the blasticidin-resistant clones.
This is consistent with a report that
retroviral insertion numbers can be
controlled at one per cell (36).

We infected 107 quasi-haploid cells
with the retroviral vector described
above and obtained approximately 9
x 0% blasticidin-resistant clones. The
9 x 103 balsticidin-resistant clones
were pooled and plated at about 10,000
cells in a 15-cm plate in the presence
of lethal toxin. After 67 doubling, 98
surviving clones were isolated and re-
exposed to lethal toxin to confirm their
lethal toxin resistance. Among them, 49
clones which retained lethal toxin resis-
tance were selected for further studies.

Figure 4. Analysis of the other allele of Rbp-jx,
Pscdd4, Atp6v0c in their corresponding deficient cells.
{A) Reverse transcription PCR (RT-PCR) was per-
formed using a primer pairing with exon | sequence of
Rbp-jx and another targeting the sequence around stop
codon of Rbp-jk. The PCR product derived from mes-
senger RNA (mRNA) of wild-type and Rbp-jk? cells
were analyzed on agarose gel and sequenced. Arrows
and stars shows the mutations sites. (B) RT-PCR was
performed as in panel A using primers rargeting the
cxon | and stop codon region of the Pscd4 gene. The
PCR products from wild-type and Psed4/ cells were
analyzed on an agarose gel. (C) ApbvOe mRNA was
amplified as in panel A using the RNA isolated from
wild-type and AmpévOed cells. The PCR products were
analyzed on an agarose gel and sequenced. Rbp-jk. ]
K recombination signal binding protein: Psedd, cylo-
hesin-4; Atp6v0c, subunit ¢ of vacuolar H*-ATPases:
Wi, wild-type: GAPDH. glyceraldehyde-3-phosphate
dehydrogenase.
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Figure 5. Conformation of the role of Rbp-jx, Pscdd, Atp6vlc, Laptm5, and Hifl-o in lethal toxin-
induced RAW 264.7 cells death. (A) Rbp-jKk or Pscd4 was knocked down by stable expression of tar-
geting small interfering RNA (siRNA) (siRbp-jk or siPscd4) in wild-type RAW 264.7 cells. Atp6vic,
Laptm$, and Hifl-¢ were knocked down by transfecting synthesized siRNAs targeting siAtp6vOc,
Laptm$5, or Hifl-c in wild-type RAW 264.7 cells. The reduction of these genes was determined by
reverse transcription PCR (RT-PCR). (B) The Rbp-jx. Pscd4, AtpévOc, Lapim3, and Hifl-a knockdown
cells together with the paralleled control cells (vector; for stable expression control) or scrambled siRNA
ransfected cells (s-siRNA; for synthesized siRNA transfection control) were treated with 500 ng/mL
protective antigen (PA) plus 500 ng/mL lethal factor (LF), and cell viability was determined by crystal
violet uptake. Rbp-iK, | Kk recombination signal binding protein: Pscd4. cytohesin-4; AtpbvQc, subunit ¢
of vacuolar H*-ATPases; Laptm5, lysosomal-associated protein transmembrane 5; Hifl-c, hypoxia-in-
ducible factor 1-o subunit; GAPDH. glyceraldchyde-3-phosphate dehydrogenase.

Since insertion of pDisrupt 8 in a gene
will yield a fusion mRNA derived from
the blasticidin resistance gene and the
targeted gene (Figure 2), we used 3'-
RACE to identily retrovirus-disrupted
genes in the lethal toxin-resistant
clones. The 3'-RACE products were
scquenced, and the ¢cDNA sequences
fused with blasticidin-resistant gene
¢DNA were aligned with GenBank®
database using Basic Local Alignment
Search Tool (BLAST). Twenty-three
different genes were identified. Some
of them were identitied more than
once, suggesting duplications occurred
in the process.

Figure 3 shows six examples of
the junction sequences of the fused
cDNA, showing the effectiveness
of the poly(A) trap strategy. The
viral insertion occurred in the genes
of Rbp-jx, cytohesin-4 (Pscd4).
subunit ¢ of vacuolar H*-ATPases
(Atp6vOc), lysosomal-associated
protein transmembrane 5 (Laptm3),
hypothetical protein LOC63066, and
Hif1-o. Rbp-jx is a transcription factor
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recognizing a consensus sequence
5-C(TYGTGGGAA-3" and regulating
viral and cellular gene transcription
(37). Pscd4 is a member of cytohesin
lamily, which is a guanine nucleotide
exchange factor regulating the ADP-
ribosylation factor of small GTPases
(38). Atp6v0c is a subunit of a vacuolar
proton pump. which is required for
intracellular vacuoles acidification
(39). Laptm3 is a lysosomal-associated
multispanning membrane protein with
unknown function (40). LOC68066
is a hypothetical protein homolog to
human mitochondrial carrier CGI-69
(41). Hifl-o is a transcription factor
that regulates the adaptive response to
hypoxia in mammalian cclls (42). By
analyzing the sequence of fused cDNA,
we predicted that splice donor element
downstream from the blasticidin+
sequence in pDisrupt 8 spliced to the
splice acceptor of exon 2 of the Rbp-
Jjx gene, the splice acceptor of exon 7
ol the Psad4 gene. the splice acceptor
of exon 2 of the Atp6v0Oc gene, the
splice acceptor of exon 3 of the Lapim3

gene, the splice acceptor of exon 2
of LOC68066 gene. and the splice
acceptor of exon 2 of Hifl-o gene,
respectively (Figure 3).

Among them, the first three clones
(referred as Rbp-jxd, Pscd4d, and
Atp6vOct, respectively) were further
examined whether the other alleles
of Rbp-jx, Pscd4, and Atp6vOe were
mutated in the corresponding cells.
To specifically amplify the mRNA
transcribed from the allele that was
not hit by retrovirus, we amplified
the ¢cDNA region covering exonl
to the stop codon of Rbp-jk, Pscdd,
and Atp6vOc by RT-PCR. The same
size PCR product was obtained from
wild-type and Rbép-jx cells (Figure
4A, top panel). The PCR products
were recovered from agarose gel and
sequenced. Three point mutations were
found in the Rbp-jk ¢cDNA amplitied
from Rbp-jxd cell (Figure 4B). A
change of E to G resulted from one
of the point mutations. Pscd4 mRNA
cannot be found in Psedddcells (Figure
4C). Reported mutation spectrum
showed that ENU cannot only result
in amino acid substitution, bul can also
affect transcription. The undetectable
Pscd4 expression suggests that either
the transcription of Pscd4 from the
other allele was impaired by chemical
mutagen or is silent naturally in RAW
264.7 cells. RT-PCR and sequence
analysis revealed that Arp6v0c? cells
had reduced Atp6vOc mRNA (Figure
4D) but no mutation in the coding
region ol the mRNA, indicating that the
mutation occurred only on one allele in
this cell, and Atp6vOc is a haploid insuf-
licient gene in lethal toxin-induced ccell
death.

To confirm the genes identified by
our method were indeed responsible
lor the lethal toxin-resistant phenotype,
we used siRNA to knockdown the five
genes identified in wild-type RAW
264.7 cells 1o see whether lethal toxin
resistance can be reproduced. As
shown in Figure 5, siRNA knockdown
of all the six genes rendered resistance
to lethal toxin-induced cell death in
RAW 264.7 cells with varying degrees.
The best protection from LeTx-induced
cell death was detected in AtpovOc
knockdown cells. AtpévOc is involved
in the acidification of intracellular
vacuoles (43). Since endosome acidifi-
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cation is known to be required for lethal
toxin function (44). a requirement of
Atp6vOc in lethal toxin-induced killing
of RAW 264.7 cells is anticipated.

DISCUSSION

To overcome the major impedi-
ments to the use of genetic screening
in cultured cells, we have successfully
developed a strategy using chemical
mutagenesis to generate a quasi-haploid
cell population that can then be used for
insertional mutagenesis to create pheno-
types. However, the fact that disruption
of a given gene creates a phenotype
within a quasi-haploid cell line must be
interpreted with some qualifications. In
certain instances, the gene of interest
will be essential to the process under
study in any genetic background (e.g.,
monogenic phenotypes in this case).
In other instances, the phenotype will
reflect epistatic interactions between
non-allelic mutations induced by the
chemical mutagen and the insertional
mutation that is recovered. Whether
the gene identitied is responsible for a
monogenic or polygenic phenotype can
be determined by knockdown of the
gene in wild-type cells using RNAI or
another method. Although monogenic
phenotype has been the principal object
of study to date, polygenic phenotype
is undoubtedly more common in
nature and better explains the differ-
ences that exist between individuals
in most populations. In some respects,
our method addresses the question:
“What mutations are essential for a
biological function given the existence
of other, unspecified mutations
scattered throughout the genome?” A
screen for such mutations, if carried
Lo saturation, would reveal all or most
of the genes that serve as the substrate
for a defined, complex phenotype and
the magnitude of the effect wrought by
their destruction.

We have successfully obtained
approximately 9 x 107 blasticidin-
resistant clones from 107 quasi-haploid
cells. The efficiency for generaling
the blasticidin-resistant clones was
estimated 1o be about 1% of the cells
infected with virus (approximately 2%
insertion occurred in gene region, and
only one orientation of viral insertion
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in gene region lead to the expression
of resistant genc). Since some gene
arcas are transcribed in both direc-
tions and cryptic poly(A) sites could
be utilized by the blasticidin transcript,
the actual number of genes targeted by
the retroviral vector could be an order
of magnitude less than the number of
apparent blasticidin-resistant clones.
Assuming that the retroviral insertion
is random, approximately 2.5%-25%
of genes (9 x 1023 out of 3.5 x 10* of
total genes) has been mutated once,
and approximately 0.15%—1.5% (12%
x 50%) hits should result in double
allele mutations. The rate of biallelic
mutation using this mutagenesis is
superior to that generated by LOH in
Bim-deficient ES cells (0.01%-0.1%)
(21,22). In order to have all genes being
mutated on their both alleles, 2.3 x 10™#
(3.5 x 10* = 0.15 to 1.5%) blasticidin-
resistant clones are required, which is
clearly feasible.

There are still limitations of this
method. This approach cannot be used
to screen the genes that are essential for
cell survival in culture. Multiple rounds
ol chemical mutagen treatments could
also lead to unpredictable induction
of polyploidy and/or ancuploidy and
sclection of tolerant cells to chemical
mutagen-induced damages, which can
obscure the effects of the subsequent
insertional mutagenesis. The plasticity
ol cultured cells is a problem associated
with the use of genetic approaches
in cultured cells, and this may be
compounded by increased genome
instability after high-intensity chemical
mutagenesis. At present, the most
cffective way to minimize plasticity in
cultured cells is to use the cells that have
as few passages number as possible.
In principle, the genetic approach
described in this report only can be
used to investigate aspects of biology
that can be recapitulated in a cell
culture model. However, the concept
used in designing this approach may be
extended to germline mutagenesis. A
certain level of haploidy can be found
in mice with chromosome deletions.
Millions of genetic differences between
difterent mice strains are haploid in the
hybrid offspring. Applying insertional
mutagenesis in the ES cells from these
mice may lacilitate phenotype screens
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in ES cells and may be useful in studies
of certain complex phenotypes.
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Isolation and Characterization of a Near-Haploid Human Cell Line
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Mammalian somatic cells are usually diploid. Occa-
sional rare huiman tumors have been shown to have a
hypodiploid karyotype. We have isolated a near-hap-
loid subclone (P1-55} from a heterogencous human
leukemia cell line, KBM-7. These near-haploid cells
have approximately half the human diploid DNA con-
tent and have a haploid karyotype except for a disomy
of chromosome 8 {25, XY, +8, Ph*). This cell line main-
tains a majority of cells with a near-haploid karyotype
for at least 12 weeks in culture. By serial subcloning,
we have isolated near-haploid subclones that main-
tain ploidy for at least 8 months in culture. Near-hap-
loid cells can also be efficiently isolated from mixed
ploidy cultures by size selection. The availability of
this human near-haploid cell line should facilitate the
genetic analysis of cultured human cells.  © 1999 Academic

Press

Key Words: haploidy; KBM-7; somatic cell genetics.

INTRODUCTION

One factor limiting the genetic analysis of mamma-
lian cells in culture is that these cells have a diploid or
higher number of chromosomes. As a result, the phe-
notype of a loss of function mutation on one chromo-
some is not expressed unless the corresponding allele
on the other chromosome is also mutated. In contrast,
hacteria and yeast are readily amenable (o genetic
analysis in part because they are haploid [1]. Previ-
ously, karyotypically stable cell lines which maintain a
near-haploid karyotype have been isolated from am-
phibians and insects [2, 3]. There are currently no
similar cell lines available for mammals. However,
near-haploid karyotypes have been documented in rare
human tumors and leukemias {4]. Thus, it seeins that
near-haploid mammalian cells can be viable.

! Permanent address: Insticute of Human Genetics, Polish Acad-
ey of Sciences, Poznan. Poland.

¢ These authors contributed equally to the work presented in this
report.

"Current address: Axys Pharmaceuticals, 11099 North Torrey
Pines Road, La Jolla. CA 92037.

*To whom cerrespondence and reprinl requests should be ad-
dressed, Fax: 617-636-6745. E-mail: cochran@opal.tufts.edo.

AP

\ J

e

273

Previously, Andersson ef al. [5] established a heter-
ogeneous (mixed ploidy) cell line (KBM-7} from the
bone marrow of a patient with a near-haploid chronic
myeloid leukemia. Though these cultures were initially
slightly greater than 50% near-haploid, cells with a
diploid or greater DNA content rapidly overgrow the
KBM-7 cultures, rendering this cell line unsuitable for
somatle cell genetics.

The karyotype of KBM-7 indicated that the near-
haploid cells in the culture had disomies for both chro-
mosomes 8 and 15 [5, 6]. However, leukemic cells iso-
lated directly from this patient had two distinct near-
haploid karyotypes. Some cells had disomies of both
chromosomes & and 15, others had only a disomy of 8.
Analysis of the leukemic cells from the patient also
indicated the presence of a large percentage of near
diploid cells with a karyotypic duplication of the 26,
XY, +8, +15 near-haploid clone [5]. However, there
were no near-diploid cells karyotyped that represented
a duplication of the hapleid clone with only a disomic 8.
This observation suggested that the +8 near-haploid
clone might be more karyotypically stable than the +8,
+15 clone found in KBM-7.

Here we report the isolation and characterization of
a near-haploid cell line which has only a disomy of
cliromosome 8 from the heterogeneous human leuke-
mia cell line KBM-7. This cell line remains karyotypi-
cally stable for many weeks in culture and near-hap-
loid suclones can be repeatedly isolated from this
population of cells, allowing for the continueus main-
tenance of near-haploid cells in culture. These proper-
ties should make this cell line useful for somatic cell
genetics.

MATERIALS AND METHODS

Cell culture and DNA content analysis. KBM-T and its deriva-
lives were routinely cultured in Iscove's medium + 156% fetal calf
serum at 37°C in an atmosphere of 5-10% CO,. Cultures were
passaged every 3-5 days at a density not less than 5 X 10° cells/ml.
For DNA content analysis, cells were stained with 9 pM Hoechst
33342 (Molecular Probes, Eugene, OR} and 0.3 pg/m! Dio-C5-3(3.3-
dipentyloxa-carbocyamine) in cullure medium at 37°C for 60 min
and the DNA content per cell was estimated by measuring the
fluorescence using a UV laser at 70-200 mW power in a Becton
Dickinson FACStar Plus coll sorter {7].

{1014-4827/99 $30.00
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Ceff cloning. Taploid cell clones were isolated by cloning in soft
agar. First. a -ml bottomn layer of 0.8% agarose in Iscove’s medium
containing 15% tetal call serun was poured into 60-mmdishes. Then
the KBM-7 cells (100 -10.000 cells) were mixed with 5 mi of medium
containing 0.37% low-melting-point {LMP) agarose a1 37°C and over-
Tald on top of the bottom agavose Tayer. The LMP agarose layer was
vapidly solidified by placing ethanol-soaked paper towels on the
plates for 15 min. The plates and the paper towels were separated by
atuminum foil. Then the plates were Incubated at 37°C and 5-10%
CO, for 2-3 weeks, Cells were fed by overlaying 4 nl of medium in
0.37% LMP agarose every 7 days. When the colony size reached
approximately | mm in diameter, colonies were picked and expanded
in 1 ml medium in a 24-well plate and the hapleid clones were
identified by FACS analysis after 2-4 weeks of culture.

Karyotyping.  For karyotyping, P1-53 cells 12-14 weeks after sub-
cloning were harvested following incubation with 60 ugf/ml bisben-
zimid (Sigma Chemical Co., St. Louis, MO) and 2.5 X 10 * M
ethidium bromide {Sigma Chemical Ce.) for 2.5 h and 0.07 pg/ul
cotcemid (Gibco) for 1 h. Cells were then swelled in 0.56% KCI at
roum temperature for 8 min. Cells were pelleted and a —20°C ntix-
ture of glacial acetic acid and methanol 1:3 (v/v) was added dropwise
without agitation in order to prevent chromosomal losses resulting
from metaphase plate rupture and overspreading. Agitation was
found to preferentially rupture the near-haploid metaphases. Chro-
mosomes were GTG-banded as described [8].

RESULTS

Isolation of PI1-55. Consistent with the work of
Andersson et al. 5], we found the partially near-hap-
loid heterogeneous KBM-7 cell line to be highly karyo-
typically unstable. First-passage cultures from this cell
line show that approximately 55% of the cells have a
near-haploid DNA content by FACS analysis {see Fig.
1A). However, when these cultures are further pas-
saged, cells with a diploid or greater DNA content
quickly overgrow the culture (see Fig. 1B). This karyo-
typic instability renders the KBM-7 cell line unsuitable
for somatlc cell genetics.

To determine whether inore stable near-haploid cells
could be isolated from the KBM-7 cultures, first-pas-
sage KBM-T cells were subcloned in soft agar. Sixty-
two subclones were isolated and characterized by
FACS analysis for DNA content. Of these 62 cell lines,
five showed a near-haploid DNA content. The percent-
age of clones that were near-haploid was less than
their representation in the starting population because
near-haploid cells were found to have a lower cloning
efficiency in soft agar than near-diploid cells {data not
shown). Three of these haploid subclones quickly
evolved into higher ploidies upon further cultivation,
The most stable of the near-hapleid subclones, which
we call P1-55, maintains a near-haploid DNA content
in the majority of cells for up to 12 weeks in culture.
The G1 DNA content of this cell line was 51 & 2% of
second-passage G1 human primary fibroblasts as mea-
sured by Hoechst 33342 dye staining (Fig. 1C). By the
same method, the G1 NNA content of the haploid cells
in the KBM-7 line was within 2% of the DNA content of
G1 phase P1-55 cells. P1-55 DNA content determined
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FIG. 1. Estimation of ploidy and DNA content of KBM-7 and the
near-haploid clene P1-33 by flow cytometric analysis, Cells were
analyzed for DNA content as described under Materials and Meth-
ods. luorescence intensity scales varied slightly between experi-
ments, Human primary fibroblasts were used as standard to deter-
mine the relative fluorescence intensities of In, 2n, and dn
quantities of the human haploid DNA content. The positions of the
Ln. 2n. and 40 peaks are indicated. (A) KBM-7 at first passage. (B)
KBM-7 after 20 days in culture. (C) The near-haploid subclone PL-55
at 4 weeks after subcloning from soft agar.

by comparison to primary human lymphocytes was
slightly higher-approximately 60%. The difference is
likely due to differential dye uptake and stainability of
growing fibroblasts and quiescent lymphocytes. The
expected value based on the karyotype (see helow)
would be 53% [9].

Karyotype. At 12 to 14 weeks in culture after sub-
cloning, cells from the P1-55 cell line were analyzed for
karyotypes. A typical near-haploid karyotype is shown
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FIG. 2. Karyotype of the near-haploid clone PL-55. The PL-55 cell
tine was karyoryped as described under Materiats and Methods. (A)
A representative karyotype showing disomy of chromosome 8 and
the t(9q:22q) Philadelphia chremosome in a cell with 25 chronio-
somes. (3 A near-haploid cell in metaphase.

in Fig. 2. A summary of these karyotypes is given in
Table 1. The most frequent karyotype observed was
that of cells with 25 chromosomes with monosomies at
every chromosome except chromosome 8, which was
disomic (25, XY, +8, Ph7). A variation of this karyotype
was alse found that was dentical except that it lacked
the Y chromosome, which is frequently fost in leukemic
cells [10]. Except for the Ph translocation t(9¢;22q)

a

which was present in alf cells, no structural rearrange-
ments involving two chromosome breakpoints in the
same metaphase were found in the P1-55 cells. The
P1-55 karyotype is concordant with the presumably
more stable near-haploid cefls found in bone marrow
cells of the patient from which KBM-7 was derived, but
differs from the one reported for KBM-7 itself by the
monosony for chromesome 15 and the presence of the
Y chromosome [5]. Thus, it is likely that the cells with
only a disomy for chromosome 8 were a small fraction
of the first-passage KBM-7 population and were rap-
idly overgrown by the karyotypically less stable 26, XY,
+8, +15 clone (see discussion helow and Fig. 3).

The karyotype analysis also reveals that the P1-55
cell line is not homogeneous with respect to ploidy.
Several near-diploid cells were found which were ap-
parent duplications of the near-haploid clones with
disomic Philadelphia chromosomes and tetrasomies of
chromosome 8 (Table 1). In addition, some near-tet-
raploid metaphases were observed. Two of these cells
were karyotyped and were found to be almost exact
karyetypic duplications of the diploid cells. Consistent
with the FACS analysis, no clonal karyotypes were
found to have intermediate numbers of chromosomes
between 1, 2, and 4. Because these near-diploid and
near-tetraploid cells have karyotypes that are even
multiples of the predominate haploid cells, it is likely
that they were formed in a single event by either en-
doreduplication or cell fusion rather than gradually.
Since no triploid cells were observed, it is unlikely that
either the diploid or tetraploid cells arose by cell fusion.

SSR polymorphisin analysis. The near-haploid
karyotype of P1-55 does not imply that every genetic
locus not on chromosome 8 is haploid, since small du-
plications and translocations cannot be identified at
this level of resolution. Nevertheless, since the overall
DINA content of these cells is ~52% of human diploid
fibroblasts, the great majority of loci are likely to he
haploid. Simple sequence (CA) repeat polymorphisms
were examined for several arbitrarily selected chromo-
somes and chromosome 8, to determine whether a mo-
lecular analysis of zygosity would be consistent with
the near-haploid karyotype and whether the disomic
chromosome B was homo- o heterozygous. (See Table
2.) None af the loci tested on chromosomes 3, 10, and 15
from this cell line were found to be heterozygous. This
result is consistent with the karyotype showing that
these chromosomes were monesomic. [n contrast, all
(4/4) of the chromosome 8 loci tested were heterozy-
gous. This result also indicates that the disomy of
chromosonie 8 did not arvise by chremosome duplica-
tion. Loci on ather chromosomes were not examined.

Strability.  Although the P1-53 cell line was clonally
derived, with increasing time in continuous culture,
the percentage of the cells that had a duplicated set of
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TABLE 1
Karyotype Analysis of the P1-55 Cell Line

No. of No. of

cells chromosemes 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 X Y
8 24 1 i1 P 1 t 1 I 1 1 1

50 25 11 1 1 1 i A | 1 1 1 1 1 1 1 o1

6 46 2 2 2 2 2 2 2 2 Z 2 2 1 a 2 2 2 2 A P A 2 1 0
5 49 2 2 2 2 2 2 2 2 2 P 2 2 2 2 z - 2 2 2 . 2 1 2
¥ 50 2 2 2 2 2 2 2 2 2 2 2 2 2 A 2 2 2 2 P z 2 2 2
1 98 4 4 4 4 4 4 3 7 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4
1 98 4 4 4 4 4 4 4 7 4 4 4 4 4 4 4 4 4 4 4 4 4 4 3 4

Note. Karyatypes weve determined by GTG banding of P1-55 as described under Materials and Metheds. One hundred thicty-one
metaphases with good spreading and banding patterns were photographed and karyatyped. A karyotype was considered 1o be clonal within
the populatien if at least five cells were observed with the same karyotype. Unique karyotypes were found for 43 metaphases with
chiromesome numbers ranging from 22 to 49, The random distribution of ehromosome losses {except for preferential loss of X and Y) in these
spreads likely indicates that these karyotypes were not clonal populations, but were more likely generated by rupture of near-diploid
metaphase plates during preparation. Since enly high-quality chromesome spreads were selected for complete analysis, table does not
quantitatively reflect the relative distribution of near-haploid and near-diploid cells in the culture. In addition, the quantitative distribution
of cell karyotypes is further skewed by the fact that optimal fixation conditions differed for near-haploid and near-diploid cells.

chromosomes increased. (See Fig. 3.) However, even
after 12 weeks in culture, more than 50% of the cells
had a near-haploid DNA content. This number is actu-
ally an underestimate of the percentage of the haploid
cells in the population since haploid cells in G2/M
cannot be distinguished from diploid cells in G1 by
DNA content measurement in the FACS, Nevertheless,
the near-dipleid cells must have a slight growth advan-
rage over the near-haploid ones. However, since the
majority of cells remain haploeid for long periods of time
in culture, the incidence of spontaneous increase in

TABLE 2

Heterozygosity Analysis of P1-35 Using Simple Sequence
Repeat Polymorphisms

Zygosity
{heterozygous/number loci tested)
Chromosome No. KBM-7 P1-55 control
3 0/ 0/4 204
8 4/ /4 34
0/4 0/4 44
15 274 0/ 444

Note. Markers of CA repeat polymorphisms from the indicated
chromesomes were analyzed as described by Hudson e al [31]. HeLa
cell DNA was used as a control for chromeseme 3 mackers and CEPH
cell DINA was used as a control for all the chromosome polymor-
phisms examined. Loci examined for pelymorphisnis were as follows:
chramosoine 3-—D3S 1209, D3S 1212, D33 1215, D3IS 1216 chremo-
some 8--DBS203, DES206. 1385207, 18S208: chromosome 10
DI0S172, DIOSLT3. DOS174, DIOS175: chromosome 15115598,
D158100. D15S101, D155102. The probability of detecting polymor-
phisos on any one of the analyzed chromesemes for a given human
diplotd cell with these markers is >~99%.,

ploidy in these cultures must be relatively low. In
addition, we have found that culture conditions and
subcultivation protocols can affect the rate of diploid
outgrowth, but even under identical cultivation proto-
cols other subclones of KBM-7 that were examined
evolved into higher pleidies much more quickly than
P1-55. The least stable of these (P1-32) was as unstable
as KBM-7 and was found to be disomic for both chro-
mosomes 8 and 15 and lacked Y as was reported for the
original KBM-7 line [5] and the KBM-7/B5 subclone
[6]. (See Fig. 3.} This cell line also had a faster doubling
time than P1-55 (data not shown). These properties of
P1-32 could account for the rapid diploidization of
KBM-7 and the predominance of cells with the +8, +15
karyotype in the KBM-7 line.

Despite the tendency to drift toward higher ploidies,
hapleid subclones {(P1-55-S1) could be reisolated from
the mixed-ploidy cultures of P1-55 and maintained in
culture for long perlods with a high percentage of near-
haploid cells {Fig. 3). Further subcloning of P1-55-51
has yielded haploid cells with even hetter stability in
culture as shown in Fig. 3B. These cells can be sub-
cloned in softr agar with an efficiency of 10-15%. Some
of these S2 subclones have been maintained as princi-
pally haploid cultures for as long as 8 months and have
a normal doubling time of 24 h. Thus, cultures of near-
haploid P1-55 cells can be maintained indefinitely.

Work on haploid frog embyos indicated that the hap-
loid cells were smaller than their diploid counterparts
[11]. To determine whether this is also true of this cell
line, pepulations of near-haploid and dipleid subclones
were mixed and the smaller cells in this population
were sorted by light scactering. Figure 4 shows that the
vast majority of small cells have a near-hapleid DNA
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FIG. 3. DNA content change of near-haploid cell lines as a function of time in culture. {(A) Subcloenes P1-32 and P1-33 of the KBM-7 cell
line were isolated by clening in soft agar. P1-55-51 was isclated by subcloning F1-35. The DNA contenr of these cell lines was determined
by FACS analysis at the indicated numbers of weeks in culture by the methods deseribed under Materials and Methods. The percentage of
haploid cells in GO/GL and S was estimated either by using the MODFIT program (Verity Software House) or by direct peak area
measurement, The percentage of haploid cells in G2 and M at any given time point could not be precisely determined because of the
overlapping diploid cell peak in GO/G1. Twenty-one independent measurements of populations of haploid cells with no 4s1 peaks (no
detectable diploid cells) indicate that the percentage of haploid cells in G1 ~ S at any time in culture vanges from 73 to 9:4% with a mean
of 83%. The 7ero time point for the claned celis begins with the day the cells were isolated from soft agar. At this time. too few cells existed
to analyze by FACS. Assuming the cells were purely haploid at that tine. approximately 83% would be in G1 — S. The dashed lines indicate
this assumption for the zero time point, Since KBM-7 was not clonal. this assumption was not made. All other data points are actual
measurements. The relative and absolute stability of each of the subclones remained consistent through multiple trials. Representative
experimients are shown. (B) Stability of second-generation subclones (§2) of near-haploid P1-35 cells obtained after a second round of
subclaning in soft agar was estimated for DNA content using flow cytomerry.
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FIG. 4. Sorting of haploid cells based on size. A mixture (C) of haploid (A} and diploid (B) cells was sorted for the smallest celis using
forward and side scatter analysis in fow cell serter without any staining. Each histogram shows analysis of DNA content of a pepulation of
viable cells stained with Hoechst 33342, (A) DNA content of haploid clone 52-19. (B) DNA content of diploid clone S2-8. (C) DNA content of
haploid $2-19 and diploid 52-8 cells mixed (#/# 1:1) right before size-sorting. {D) DNA contens of smaller cells sorted out of the mixture of

haplold and diploid cells (shewn in C).

content. Thus, this technigue carn be used to isolate
haploid cells from mixed ploidy populations.

DISCUSSION

The existence of the P1-55 cell line demonstrates
that full diploidy is not required for the maintenance of
human cells in culture. In fact, the existence of this cell
line demonstrates that every chromosome except per-
haps chromosome 8 can exist as a monosone in cul-
ture. These cells are obviously not normal since they
have the Philadelphia translecation in addition to the
change in ploidy. However, they do have characteris-
tics typical of many other mammalian cell lines such as
a requirement for fetal calf serum for growth and the
ability to maintain an exponential doubling time of

approximately 12-30 h depending on the culture den-
sity (data not shown). From these observations, it can
be inferred that if there are genes required in more
than one copy for growth of human cells in culture,
these must be a small percentage of the human ge-
nome.

The reasons for the maintenance of the disomy of
chromosome 8 are unclear. It could he that there are
genes on chromosome 8 that are required in two copies
for the growth of the cells. Alternatively, there may be
a gene on chromosome 8 that contributes to the estab-
lishment of the tumor or cell line (such as the /v
gene) when maintained in multiple copies by the pres-
ence of the disomy. Yet another possibility is that there
are independent recessive cell lethal mutations on both
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homologues of chromosome 8 that are mutually com-
plemented by the presence of the corresponding wild-
type alleles on the other copy of 8. This would be
consistent with the finding that there is heterozygosity
at chromosome 8 in this cell line. We favor one of the
latter two hypotheses since previous analyses of near-
haploid leukemias do not always show disomic chromo-
some 8 [12, 13].

The mechanism by which these cells became haploid
is unclear. It is possibly the result of an abnormal
karyokinesis induced by chemotherapeutic agents used
to treat this patient. Alternatively, specific genetic al-
terations may have contributed to the haploidization
event. In yeast, a gene has been described that has the
phenotype of frequent mitotic haploidization [14]. Per-
haps a similar gene is mutated in these cells.

Despite their unusual karyotype, haploid vertebrate
cells are likely to be capable of exhibiting a wide range
of cellular responses. Haploid fish and amphibians
though not viable show a significant degree of morpho-
logical and cellular differentiation and in some cases
can live for several weeks [15-18] Moreover, haploid-
euploid mosaic chickens are not only viable, but show
representation of haploid cell lineages in a variety of
tissues [19]. Thus, haploid cells could serve as good
models of their diploid counterparts for a variety of
biological phenomena.

The ability to isolate recessive mutations at a rela-
tive high frequency from Chinese hamster ovary (CHO)
cells has led to the suggestion that the CHO cell ge-
nome is functionally hemizygous [20]. However, anal-
ysis of electrophoretic shift variants of CHO is consis-
tent with the near-diploid karyotype of this cell line
[21, 22). The high rate of recessive mutant isolation is
more likely due to a high frequency of deletion and
chromosome loss uncovering relatively rare single gene
mutations [23-25]. The advantage of a truly haploid
cell line such as P1-55 is that there would be no need
for secondary events to occur, thus increasing the rel-
ative frequency of phenotypic expression of recessive
traits. In addition, it is not known with any certainty
what percentage of the CHO cell genome is available
for high-frequency isolation of recessive mutants,
whereas in P1-55 virtually all loci not on chromosome
8 should be inactivated with single hit kinetics.

Thus, it should prove possible to use the P1-55 cell
line and its derivatives to facilitate the application of
somatic cell genetics to the study of mammalian cell
biology. For instance, insertional mutagenesis of these
cells by high-titer retroviruses should inactivate genes
with a single hit, leaving the inactivated gene tagged
with retroviral DNA and thereby facilitating the recov-
ery of the affected loci |26]. Furthermore, use of vectors
designed for homologous recombination in somatic
cells has proved to be very useful for the analysis of
diploid cultured cells [27-29]. Homologous recombina-
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tion with these near-haploid cells would allow for the
immediate expression of the phenotype of inactivated
genes without the necessity of knocking out two alleles
or passaging the gene knockout through chimeric ani-
mals [30]. The fact that these cells have a tendency to
increase in ploidy with time in culture should not un-
dermine the effectiveness of these genetic strategies
since any genetic alteration that occurs in a haploid
cell will presumably be duplicated and remain homozy-
gous as diploidization occurs. Moreover, we have been
able to reisolate near-haploid cells from mixed ploidy
populations by both size sorting and subcloning. There-
fore, these near-haploid cells provide several advan-
tages over diploid ones for somatic cell genetics.
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Alzbeta Godarova,* Maciej Kotecki,? Brent H. Cochran,? Eric Spooner,*

Hidde L. Ploegh,* Thijn R. Brummelkamp'*

Loss-of-function genetic screens in model organisms have elucidated numerous biological processes, but
the diploid genome of mammalian cells has precluded large-scale gene disruption. We used insertional
mutagenesis to develop a screening method to generate null alleles in a human cell line haploid for
all chromosomes except chromosome 8. Using this approach, we identified host factors essential for
infection with influenza and genes encoding important elements of the biosynthetic pathway of
diphthamide, which are required for the cytotoxic effects of diphtheria toxin and exotoxin A. We also
identified genes needed for the action of cytolethal distending toxin, including a cell-surface protein that
interacts with the toxin. This approach has both conceptual and practical parallels with genetic approaches

in haploid yeast.

in human disease drives much of today’s

biomedical research. Classical genetics with
induced mutations, as pioneered by Muller in 1927
(), is the most powerful unbiased approach to
elucidate the genetic components that underlie
biological processes. The study of cultured human
cells allows the recapitulation of many essential
clements of human disease. However, the inability
to efficiently generate and recover bi-allelic
mutants in human diploid cells limits the con-
tribution of mutagenesis-based genetics to the
understanding of human disease.

The identification of cellular genes exploited
by bacteria and viruses is essential to elucidate
the mechanisms by which these pathogens cause
disease (2-4). Bacterial toxins contribute greatly
to pathogenicity of the microbes that produce
them. Identification of host proteins involved in
toxin cytotoxicity should help to identify targets
for therapeutic intervention in diseases caused by
bacteria, many of which now show increased
resistance to conventional antibiotics. Likewise,
an understanding of how viruses depend on host
proteins to enter the cell, replicate their genome,
and spread may accelerate the development of
antiviral drugs. Influenza virus remains a threat to
human health, causing several hundred thou-
sands of deaths annually and many more in the
course of a pandemic (5). The rapid spread of
new strains of influenza A [for instance, avian
(H5N1) and swine (HIN1) influenza] and the
emergence of drug-resistant influenza strains (6)

Identiﬁcaﬁon of gene products that play a role
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limit the effectiveness of vaccines and current
antiviral therapeutics. Thus, we developed a method
for genetic screens in human cells and isolated
genes required for the action of several bacterial
toxins and influenza viruses.

Development of an approach for haploid
genetic screens in human cells. To facilitate
mutagenesis-based genetic approaches in human
cells, we used a derivative of the 7 KBM7 chronic

myeloid leukemia (CML) cell line with a haploid
karyotype except for chromosome 8 (Fig. 1A)
(7. 8). In this cell line of hematopoietic origin,
gene inactivation should allow the generation of
null mutants for most nonessential genes. We
chose to inactivate genes with the use of inser-
tional mutagenesis because this approach is high-
ly mutagenic in a variety of organisms, and the
integrated DNA sequences provide a convenient
molecular tag to identify the disrupted gene. We
used gene-trap retroviruses that contain a strong
adenoviral splice acceptor site and a marker gene
(green fluorescent profein or puromycin-resistance
gene) in reverse orientation of the retroviral back-
bone, To examine whether gene-trap insertions
were indeed mutagenic, we performed a pilot
screen to isolate mutants resistant to the nucle-
otide analog 6-thioguanine (6-TG), converted to
a toxic metabolite by the enzyme hypoxanthine-
guanine phosphoribosyltransferase (HPRT). The
gene-trap virus was titrated to obtain a single
viral integration in the majority of the infected
cells. Cell lines resistant to 6-TG were recovered,
and five independent mutants carried insertions
in intron I of the X-linked HPRT gene (Fig. 1B
and fig. STA). We next performed two genetic
screens to target autosomal genes. KBM7 cells
are sensitive to the tumor necrosis factor-related
apoptosis-inducing ligand (TRAIL) and to inhi-
bition of the BCR-ABL oncogenic fusion protein
by the kinase inhibitor Gleevec (Novartis, Basel,
Switzerland). Gene trap-mutagenized KBM?7 cells
were exposed to either TRAIL or Gleevec and

cells * gene lrap virus

~phenotypic selection
& map inserlions

I [T

|,.~...__,,._,..--_

NF1

: l’HpnT

r e ttes I CDK4

Fig. 1. Haploid genetic screens. (A) Twenty-four—color spectral karyotype of near-haploid KBM7
cells and schematic outline of gene trap-mutagenesis screens. (B) Schematic outline of the
gene-trap insertion sites (red lines) in cells exposed to 6-TG, TRAIL, or Gleevec. (C) Immunoblot
analysis of FADD, CASP8, NF1, and HPRT expression levels in clones that contain independent
gene-trap insertions in the respective loci. Mutant alleles are labeled with GT in superscript
notation, and an unspecific background band is indicated with an asterisk. CDK4 was used as a
loading control.
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resistant ntants were recovered. Five TRAIL-
resistant clones showed independent insertions in
caspase 8 (CASP8) and two independent inser-
tions in Fas-associated death domain protein
(FADD), genes known to be required for TRAIL-
induced apoptosis (Fig. 1B and fig. SIA) (9).
Resistance to TRAIL was confirmed in these mu-
tants (fig. S1B). Five independent Gleevec-resistant
mutants contained insertions in neurofibromin 1
(NF1) and one in protein tyrosine phosphatase-
N1 (PTPN1); both genes are known to play an
important role in the response of CML cells to
Gleevec (/). One insertion was found in PTPN12,
a tyrosine phosphatase that interacts with c-abl
and negatively regulates its activity (//). Thus,
PTPNI12 is critical for Gleevec sensitivity. All in-
sertions were in the same transcriptional orien-
tation as the target gene, and immunoblot analysis
of HPRT, FADD, CASPS8, and NF1 mutant cells
failed to detect the corresponding gene products
(Fig. 1C). The haploid background of KBM7
thus enables the generation of mutant alleles for
autosomal genes and pinpoints genes involved in
the biological processes under study.
Identification of host factors required for
cytolethal distending toxin. Because many
pathogenic agents such as bacterial toxins or
viruses readily kill the cells they target, a large-
scale production of knockout alleles for human
genes may enable the identification of host factors
essential for pathogenesis, such as enzymes that
create structures recognized by toxins or viruses
or the receptors themselves, Several pathogenic
bacterin (such as Escherichia coli, Shigella
dvsenteriae, Actinobacillus actinomycetemconi-
tans, Campylobacier jejuni, Helicobacter spp.,
Salmonella nphi, and  Haemophilus ducreyi)
secrete potent bacterial toxins named cytolethal
distending toxins (CDTs). The DNAse I-like
CdtB subunit of these toxins enters the nucleus
and causes cytotoxicity by inducing DNA breaks
(12, 13). The membrane receptor(s) and other
essential host genes involved in the entry or action
of CDTs are unknown. KBM7 cells responded
to £. coli-derived CDT by undergoing an arrest
in the G>/M phase of the cell eycle (Fig. 2A)
that precedes cell death. Mutagenized KBM7
cells were treated with CDT and resistant clones
were isolated. Eleven independent insertions in
sphingomyelin synthase 1 (SGMSI) and three
insertions in TMEMI81, a gene that encodes a
putative G protein-coupled receptor (/4), were
recovered (Fig. 2B and fig. S2A). SGMS! and
TMEMI81 mutants were resistant to CDT, a
phenotype reverted by complementing the mutant
cells with the comesponding ¢cDNAs (Fig. 2C and
fig. S2B). The SGMSI mutation reduced levels
of sphingomyelin, as verified by treatment of
cells with lysenin, a sphingomyelin-specific pore-
forming toxin (fig. S3A). Sphingomyelin is a
key component of lipid rafis: Depletion of
SGMSI activity disturbs lipid-raft function and
prevents receptor clustering (/3), a trait of pos-
sible relevance for CDT binding and/or entry.
Extraction of the lipid-raft component cholester-

ol from the plasma membrane abolishes CDT
binding (/6).

TMEMI181 mutants remained fully sensitive
to lysenin (fig. S3, A and B), suggesting that their
resistance is acquired by means other than
sphingomyelin depletion. Because TMEMIS! is
present at the cell surface (/7) and a receptor tor
CDT must localize to the plasma membrane, we
tested whether CDT bound to TMEM 181, Flag-
tagged CDT was adsorbed onto anti-Flag beads
and incubated with cell lysates prepared from
wild-type (WT) KBM7 cells and from KBM?7
cells that express hemagglutinin (HA)-tagged
TMEMI181. Immunoblot analysis showed robust
binding of TMEMI8I to CDT (Fig. 2D). When
TMEMIS1 was overexpressed by retroviral
transduction in NIH3T3, U20S, and Hela cells,
it sensitized them to CDT intoxication (Fig. 2E
and fig. S4). suggesting that TMEMI81 expres-
sion levels are rate limiting for intoxication.
Thus, CDT may bind to the cell-surface protein
TMEMI8L, an event both required and rate
limiting for intoxication, and then enter the cell
through sphingomyelin-dependent, lipid-raft-
mediated endocytosis, followed by nuclear
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entry and cleavage of cellular DNA. However,
these results do not rule out the possibilities
that TMEMI181 is part of a complex that con-
stitutes a functional receptor or plays a role in
trafficking of a receptor-toxin complex.
Isolation of host factors essential for in-
fluenza virus infectivity. We next isolated
mutant cells that were resistant to influenza virus
A (PR/8/34; HINI). Proviral-host junction se-
quencing revealed two independent insertions
in cytidine monophosphate N-acetyIneuraminic
acid synthase (CMAS), encoding the enzyme re-
sponsible for activation of NeuAc to CMP-NeuAc,
the glycosyl donor used in sialic acid-containing
glycoconjugate synthesis. These structures are
the receptors on influenza-susceptible cells recog-
nized by the influenza hemagglutinin, We recov-
ered three independent insertions in SLC35A2
(Fig. 3A and fig. S5A), a gene whose product
transports uridine 5"-diphosphate-galactose from
the cytoplasm to the Golgi, where it serves as a
glycosyl donor (/8) important for the generation
of glycans to be modified with sialic acids. To
determine whether mutant cells could be infected
by influenza, we exposed cells to the virus and

B
TMEM181
SGMS1
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100 e g
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Fig. 2. Host factors for CDT. (A) Flow cytometric analysis of control KBM7 cells (left) and KBM7 cells after
exposure to CDT purified from E. coli (right). Exposure of cells to CDT results in an increase of cells in the
G,/M phase of the cell cycle (arrow A) and cell death (arrow B). (B) Schematic outline of the insertion sites
(red lines) in mutant cells unresponsive to CDT. (C) Resistance of TMEM181 mutant cells and SGMS1
mutant cells to CDT. Mutant cells reconstituted with the respective ¢DNAs re-acquire toxin sensitivity.
Results are presented as mean values = SD (error bars) (n = 3 biological replicates). (D) Flag-tagged CDT
was bound to immobilized anti-Flag antibody and incubated with KBM7 cell lysates or lysates of cells
expressing HA-TMEM181. Bound proteins were eluted and subjected to immunoblot analysis. Anti-Flag
beads without bound CDT served as a control. (E) NIH3T3, U20S, and HELA cells infected with a
TMEM181-expressing retrovirus were treated with increasing amounts of CDT. After 5 days, adherent cells

were stained with crystal violet.
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stained for influenza nueleoprotein 12 hours after
infection. As expected, KBM?7 cells showed high
levels of infection (~953% infection), whereas
CMAS and SLC35A2 mutant cells showed near-
complete resistance to virus infection (<0.01%
infection) (Fig. 3B and fig. S5D). Absence of
CMAS and SLC35A2 expression in the mutants
was verified by reverse transeription polymer-
ase chain reaction (RT-PCR) or immunoblot anal-
ysis (fig. 85, B and C). Transduction with cDNAs
encoding the disrupted genes fully restored sus-
ceptibility to influenza infection (Fig. 3B), indi-
cating that the observed resistance is attributable
to the mutated loci. Although the KBM7 genome
has not been screened at saturation for resist-
ance to influenza, the transporter (SLC35A2)
and enzyme (CMAS) identified here could lead
to the development of antiviral therapies (or
influenza.

Identification of host factors for ADP-
ribosylating toxins. Diphtheria and anthrax
toxins are AB toxins composed of a cell-binding
moiety (B) and an active (A) subunit that targets
a host function to increase virulence, We have a
detailed molecular understanding of how diph-
theria toxin enters the cell and induces cell death
(19, 20). Can haploid genelic screens identify
previously unidentified components in this well-
characterized host/pathogen interaction? We
screened mutagenized cells with diphtheria or
anthrax toxin. Because native anthrax toxin is
not cytotoxic for KBM7 cells, we exposed cells
to the cell-binding component of anthrax toxin-
protective antigen (PA) and anthrax lethal factor
(LFN) fused to the catalytic domain of diphthe-
ria toxin (LFN-DTA) (27). Resistant mutants
were classified as either being resistant to an-
thrax toxin (PA-LFN-DTA) (class 1), resistant to
diphtheria toxin (class II), or resistant to both
(class I11). Mutants in the known anthrax toxin
receptor (ANTXR2) (22) were recovered with
10 independent insertions and with 12 insertions

for the known diphtheria toxin receptor [heparin-
binding EGF-like growth factor (HB-EGF)] (Fig.
4A and fig. S6A) (23). The third class of mutants
included genes involved in diphthamide bio-
synthesis [DPHI1, DPH2, and DPHS; see (20)]
and a previously uncharacterized gene named
WDRS5 (Fig. 4A and fig. 6A). All of these
insertions were in the same transcriptional orie-
ntation as the mutated gene and were thus pre-
dicted to impair gene function. In the WDRSS
mutant (hereafter referred to as WDR859T), no
WDRSS transeripts were observed, as deter-
mined by RT-PCR (Fig. 4B). The resistance of
WDR&5Y" was readily complemented by trans-
duction with WDR85 cDNA, which restored the
sensitivity of WDR85%T cells to diphtheria toxin
and anthrax toxin (PA-LFN-DTA) (Fig. 4C and
fig. S6B). WDR85YT cells were also resistant to
Pseudomonas exotoxin A, another adenosine di-
phosphate (ADP)-ribosylating toxin with a simi-
lar mode of action as diphtheria toxin (Fig. 4D).
Although native anthrax toxin is not lethal to
most cell types, including KBM7, its cellular
entry and activity can be probed by monitoring
cleavage of its cellular target MEK-3, WDR85S"
cells were still responsive to the native anthrax
toxin, because the extent of proteolytic cleavage
of MEK-3 was comparable for WDR85°T and
WT cells (fig. S7A), suggesting that toxin entry
was normal in WDR85%" cells.

WDR85 is part of the dipthamide bio-

synthetic pathway. Given the resistance of

WDRS85 mutant cells to different bacterial toxins,
we further explored the mechanism by which
WDRSS5 conterred sensitivity to toxin-mediated
cell death. Diphtheria toxin, LFN-DTA, and
exotoxin A inhibit host translation through ADP
ribosylation of elongation factor 2 (EF2) and thus
cause cell death (79). ADP ribosylation occurs on
diphthamide, a posttranslationally modified histi-
dine uniquely present in EF2 and conserved among
all eukaryotes. As WDR85 was not required

RESEARCH ARTICLES

for toxin entry, we investigated EF2 ribosyla-
tion in response to diphtheria toxin. In cell lysates
derived from WDR85T cells, EF2 ADP ribosyl-
ation was impaired and could be restored by re-
expression of a WDRS5 ¢DNA (fig. S7B). EF2
fused to a streptavidin-binding peptide (SBP)
purified from WDR85YT cells was also a poor
substrate for ADP ribosylation in vitro (Fig. SA).
Impaired ADP ribosylation is thus an inherent
property of EF2 derived from WDRS3"" cells
and is not due to the presence or absence of other
factors present in cell lysates. Diphthamide bio-
synthesis is the result of stepwise posttranslation-
al modification of His'” (fig. S7D), the proteins
responsible for which are known (20, 24, 23).

The second step involves the trimethylation of

“intermediate” EF2 by the methyltransferase
DPHS3, with S-adenosylmethionine as the methyl
donor (26). To investigate if this methylation step
was affected by the loss of WDRSS, we purified
intermediate EF2 from DPHS null cells and per-
formed in vitro methylation assays in cell lysates.
Efficient methylation of intermediate EF2 by WT
and WDR85" cell lysates suggested that WDRSS
is not required for the second step of diphthamide
biosynthesis (Fig. SB). Next, we purified EF2 from
WDR85%" cells and used LO/MSMS (liquid
chromatography-tandem mass spectrometry) to
monitor the relevant modlhmnons of His'™,

Modifications of His'”® predict an increase in
mass by +143 (diphthamide), +142 (diphthine),
and +101 (the intermediate) mass units for those
peptides that carry the modified His residue. SBP-
tagged EF2 isolated from WDRS5%T showed a
mass consistent with the presence of unmodified
His'” (Fig. 5C), whereas modifications of EF2
purified from WTand DPHS mutant cells showed

a mass that was expected for the presence of

diphthamide and intermediate, respectively (fig.
S8, A and B). The absence of modified histidine
in EF2 suggests that WDRS85 plays a role in the
first step in diphthamide biosynthesis.
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Fig. 3. Cellular genes required for influenza infection. (A) Schematic
outline of the identified insertion sites (red lines) in the mutated genes.
(B) Cells were exposed to influenza virus and stained 12 hours later with
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antibodies directed against influenza A nucleoprotein. Mutant cells
reconstituted with cDNAs that correspond to the mutated gene products
re-acquire virus sensitivity, Scale bars, 50 um.
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In the cowrse of purification of EF2 from
WDR85Y! cells, we detected a protein that strongly
interacted with EF2 (Fig. 5D). Mass spectrometry
and immunoblot analysis identified this protein as
DPHS (Fig. 5E and fig. S7C). WDRS5 lacks
homology to known proteins involved in diphtha-
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mide biosynthesis but does contain WD-0 repeats,
often involved in protein/protein interactions. Thus,
WDRS5 may serve as a scaffold to coordinate the
association (or dissociation) of enzymatic com-
plexes required for the stepwise biosynthesis of
diphthamide.
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Fig. 4. Identification of loci that confer resistance to ADP-ribosylating bacterial toxins. (A) Schematic
outline of the insertion sites (red lines) in the mutated genes. (B) RT-PCR for WDR85 shows undetectable
WDR85 mRNA levels in independent clones with gene-trap insertions in the WDR85 locus. (C) Resistance

of WDRB5" cells to diphtheria toxin. Error bars indicate SD. (D) Resistance of WDR8

557 cells to exotoxin

A. Identified clones with mutations in HB-EGF and DPHS served as insensitive controls for these respective
toxins, and WDR85S cells reconstituted with a WDR8S cDNA (WDR85®" + WDR8S) re-acquired sensitivity
to the toxins. Results are presented as mean values = SD (n = 3).

WDRSS is a conserved protein with homol-
ogy to yeast YBR246W (fig. S9A). We used a
database containing fitness profiles of deletion
strains of all nonessential yeast genes under 1144
chemical conditions to cluster genes with similar
profiles to YBR246W (27). The top 10 genes that
phenoclustered with YBR246W by homozygous
cosensitivity included DPH2 and DPHS (fig. 89,
B and C). The only gene annotation terms we
found enriched concerned diphthamide bio-
synthesis [P value = 9 x 107 (fig. S90)). To
directly test whether YBR246W is involved in
diphthamide biosynthesis, we undertook ribosyla-
tion assays in protein extracts derived from WT
yeast or yeast strains deleted for YKLI9IW
(DPH2) or YBR246W. Deficiency of YKLI9TW
and YBR246W both impaired ADP-ribosyl ac-
ceptor activity of EF2 in yeast (Fig. 5F). Thus,
the role of WDRSS5 in diphthamide biosynthesis
is conserved in eukaryotes, and the proposed scaf-
folding role may be the main function of WDR85
in cells. WDRSS therefore represents a host gene
involved in the first step in diphthamide biosyn-
thesis, despite previous suggestions that all pro-
teins involved in this complex posttranslational
modification were known (20).

Perspective. One of the main strengths of
yeast as a genetic tool is the relative ease with
which recessive mutations can be recognized and
characterized at its haploid life stage (28), a trait
absent from the commonly studied higher eu-
karyotes. The approach described here will allow
similar types of screens for the human genome.

The discovery of RNA interference has
enabled targeted reduction of gene expression in
diploid cultured mammalian and inseet cells, which
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Fig. 5. WDRSS is involved in diphthamide biosynthesis. (A) In vitro ADP
ribosylation of SBP-tagged EF2 purified from WT, WDR85, and DPH5 mutant
cells by LFN-DTA in the presence of nicotinamide acenine dinucleotide (NAD)—
biotin. Streptavidin—horseradish peroxidase (HRP) was used to detect ADP
ribosylation, and total EF2 was detected by immunoblot analysis. (B)
Methylation of intermediate EF2 by WT, WDR85, and DPH5 mutant cell
lysates. SBP-tagged intermediate EF2 was purified from DPHS mutant cells
and incubated in lysates derived from the indicated genotypes in the presence
of [methyl-*H) adenosylmethionine (Ado-5-Me) as methyl donor. The amount
of supplied intermediate EF2 was detected by immunoblot analysis, with CDK4

1234
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as a loading control. (C) MS/MS spectra of a tryptic peptide derived from SBP-
tagged EF2 purified from WDR85 mutant cells. Peptide fragments
characteristic for unmodified His™* are indicated. (D) Silver stain of SPB-
EF2 purified from WT and WDR85-deficient cells. kDa, kilodaltons. (E)
Immunoblot analysis of SBP-EF2 pull-down from WT, WDR85-, and DPH5-
deficient cells probed with an antibody directed against DPH5. (F) Protein
extracts from WT, YKL191W-, and YBR246W-deficient S. cerevisige strains
were incubated with LFN-DTA in the presence of NAD-biotin. Streptavidin-
HRP was used to detect ADP ribosylation, and PGK1 was used as loading

control,
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opened the door o large-scale screens. At the same
time, limitations of this approach are increasingly
apparent, such as the induction of off-target effocts
that complicate genome-wide screens in particular
(29, 30) and the inability to completely switch off
gene expression. When similar small interfering
RNA screens are conducted independently in mam-
malian cells, the lack of concordance between them
is an additional complicating factor (37, 32). Final-
ly, mammals are rather robust in their tolerance to
partial loss of gene function: Haploinsufficiency
appears to be the exception rather than the rule,
because inactivation of one gene copy, as in het-
erozygous knockout mice, rarely leads to severe
phenotypes.

Although we have focused on host-pathogen
biology, similar screens could in principle be ap-
plied to any phenotype that can be recognized in
a population of mutant cells, such as modulation
of a genetically encoded reporter. In the future,
haploid genetic screens could be used to generate
comprehensive compendia of host factors that are
used by different pathogens and may yield new
strategies to combat infectious disease. In con-
clusion, the haploid genetic screens described
here expand mutagenesis-based screens in model
organisms by providing a window on disease-
associated molecular networks that can be studied
in cultured human cells.
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Proteome Organization in a
Genome-Reduced Bacterium

Sebastian Kiihner,* Vera van Noort,"* Matthew ]. Betts,* Alejandra Leo-Macias,'

Claire Batisse,' Michaela Rode,* Takuji Yamada,® Tobias Maier,” Samuel Bader,"

pedro Beltran-Alvarez,* Daniel Castaio-Diez,' Wei-Hua Chen,* Damien Devos,' Marc Giiell,”
Tomas Norambuena,? Ines Racke,* Vladimir Rybin,* Alexander Schmidt,” Eva Yus,’

Ruedi Aebersold,” Richard Herrmann,” Bettina Béttcher,"t Achilleas S. Frangakis,

Robert B. Russell,® Luis Serrano,® Peer Bork,t Anne-Claude Gavin'}

The genome of Mycoplasma pneumnoniae is among the smallest found in self-replicating organisms.
To study the basic principles of bacterial proteome organization, we used tandem affinity
purification—mass spectrometry (TAP-MS) in a proteome-wide screen. The analysis revealed 62
homomultimeric and 116 heteromultimeric soluble protein complexes, of which the majority are novel.
About a third of the heteromultimeric complexes show higher levels of proteome organization,
including assembly into larger, multiprotein complex entities, suggesting sequential steps in biological
processes, and extensive sharing of companents, implying protein multifunctionality. Incorporation

of structural models for 484 proteins, single-particle electron microscopy, and cellular electron
tomograms provided supporting structural details for this proteome organization. The data set provides
a blueprint of the minimal cellular machinery required for life.

iological function arises in part from the
concerted actions of interacting proteins
that assemble into protein complexes and
networks. Protein complexes are the first Jevel of
cellular proteome organization: functional and
structural units, often termed molecular machines,
that participate in all major cellular processes.
Complexes are also highly dynamic in the sense

that their organization and composition vary in
time and space (/), and they interact to form
higher level networks; this property is central to
whole-cell functioning. However, general 1ules
concerning protein complex assembly and dy-
namics remain elusive.

The combination of affinity purification with
mass spectrometry (MS) (2) has been applied to

several organisms to provide a growing repertoire
of molecular machines. Genome-wide screens
in Saccharomyees cerevisiae (3-3) captured dis-
crete, dynamic proteome organization and revealed
higher-order assemblies with direct connections
between complexes and frequent sharing of com-
mon components. To date these exhaustive analy-
ses have been applied only in yeast. In bacteria,
genome-wide yeast two-hybrid analyses have
been reported (6, 7), but only a few biochemical
analyses on selected sets of complexes are avail-
able (8-/7). The understanding of proteome orga-
nization in these organisms concerns thus the
binary interaction networks.

Here, we report a genome-scale analysis of
protein complexes in the bacterium Mycoplasma
preumoniae, a human pathogen that causes atypical
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We found that cathepsin B is involved in autophagy flux and defects in the flux causes
cell death, NPC-1 deficeint cells are defective in autophagy flux. We will examine if this
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Cell Biology

ATCC® Number:

Designations:
Depositors:

Biosafety Level:

Shipped:

Medium & Serunt:
Growth Properties:

Organisn:

Morphology:

Source:

Permits/Forms:

Restrictions:

Applications:

Receptors:
Tumorigenic:

CRI-1573t [ Orderthisltem | Price:
293 [HEK-293]

[FL Graham

2 [CELLS CONTAIN ADENOVIRUS )

frozen

See Propagation
adherent

Honio sapiens (human)
epithehal

m'lou)J
FHOID

Organ: embryonic kidney
Cell Type: transformed with adenovirus 5 DNA

regulatory permits may be required for the transfer of this
ATCC material. Anyone purchasing ATCC material is
ultimately responsible for obtaining the permits. Please click
here for information regarding the specific requirements for

shipment to your location.

These cells are distributed for research purposes only. 293
cells, their products, or their derivatives may not be distributed
to third parties.

efficacy testing [92587]

transfection host (Nucleofection technology from Lonza
Roche FUGENE® Transfection Reagents)

viruscide testing [92579]

vitronectin, expressed

Yes

Amelogenin: X

CSFIPO: 11,12

D13S317: 12,14

D16S539: 9,13

DNA Profile (STR): D35S818: 8,9

Cytogenetic
Analysis:

D78820: 11,12
THOI1:7,9.3
TPOX: 11
vWA: 16,19
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R V=P PR DU Tr) TS IR o SEFISS LI Aeps gf)/ﬁf’ Fanli asr

Page 1 of 8

$256.00

Related
Links »
NCBI Entrez
Search

Cell
Micrograph

Make a
Deposit
Frequently
Asked
Questions
Material
Transfer
Agrecment
Technical
Support
Related Cell
Culture

09/11/2009



Comments:

Propagation:

Subculturing:

f s et b

This is a hypotriploid human celi line, The modal chromosome
number was 64, occurring in 30% of cells. The rate of cells
with higher ploidies was 4.2 %. The der(1)i(1;15) (q42;413),
der(19)(3;19) (q12;q13), der(12)t(8;12) (q22;p13), and four
other marker chromosomes were common to most cells. Five
other markers occurred in some cells only. The marker der(1)
and M8 (or Xq+) were often paired. There were four copies of
N17 and N22. Noticeably in addition to three copies of X
chromosomes, there were paired Xq+, and a single Xp+ in most
cells.

fetus

Although an earlier report suggested that the cells contained
Adenovirus 5 DNA from both the right and left ends of the
viral genome [RF32764], it is now clear that ouly left end
sequences are present. [39768]

The line is excellent for titrating human adenoviruses.

The cells express an unusual cell surface receptor for
vitronectin composed of the integrin beta-1 subunit and the
vitronectin receptor alpha-v subunit. [23406]

The AdS insert was cloned and sequenced, and it was
determined that a colinear seqient from nts 1 to 4344 is
integrated into chromosome 19 (19q13.2). [39768]

ATCC complete growth medium: The base medium for this
cell line is ATCC-formulated Eagle's Minimum Essential
Medium, Catalog No. 30-2003. To make the complete growth
medium, add the foliowing components to the base medium:
fetal bovine serum to a final concentration of 10%.
Atmosphere: air, 95%; carbon dioxide (C0O2), 5%
Temperature: 37.0°C

The cell line does not adhere to the substrate when left at room
temperature for any length of time, therefore, live cultures may
be received with the cells detached. The cells will re-attach to
the flask over a period of several days in culture at 37C.

e D m D end ot Darar et abi A4S Default asn.
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Cell Biology
ATCC® Number:

Designations:
Depositors:
Biosalety Level:
Shipped:

Medium & Serum:
Growth Properties:

Organism:

Morphology:

Sourcge:

Celtular Products:

Permits/Forms;

Applications:

Receptors:
Tumorigenic:

DNA Profile (STR):

HB-8065™ [ Orderthisltem ] Price:
Hep G2

Wistar [nstitute

[

frozen

Se¢e Propagation

adherent

Homo sapiens (human)
epithelial

2
LHOID;

Organ: liver

Diseasc: hepatocellular carcinoma

alpha-fetoprotein (alpha fetoprotein); albumin; alpha2
macroglobulin (alpha-2-macroglobulin); alphal antitrypsin
(alpha- I-antitrypsin); transferrin; alphal antichymotrypsin;
(alpha- [-antichymotrypsin); haptoglobin; ceruloplasimin;
plasminogen; [3525]

complement (C4); C3 activator; fibrinogen; alphal acid
glycoprotein (alpha-1 acid glycoprotein); alpha2 HS
glycoprotein (alpha-2-HS-glycoprotein); beta lipoprotein
(beta-lipoprotein); retinol binding protein (retinol-binding
protein) [3525)

[ addition to the MTA mentioned above, other ATCC and/or
regulatory_permits may be required for the transfer of this
ATCC material. Anyone purchasing ATCC material is
ultimately responsible for obtaining the permits. Please click
here for information regarding the specific requirements for
shipment to your location.

transfection host (Nucleofection technology from Lonza

insulin; insulin-like growth factor 11 (IGF II) [22446]
No
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Cytogenetic
Analysis:

Age:
Gender:
Ethnicity:

Comments:

Propagation:

Subculturing:

rage L0t o

Amelogenin: X,Y
CSFIPO; 10,11
D13S317: 9,13
D168539: 12,13
D3S818: 11,12
D75820: 10
F13A01:5,7
F13B: 6,10
FESFPS: 11
LPL: 10,1
THO1: 9
TPOX: 8,9
vWA: 17

modal number = 35 (range = 50 to 60); has a rearranged
chromosome 1 [3525]

15 years adolescent
male
Caucasian

The cells express 3-hydroxy-3-methylglutaryl-CoA reductase
and hepatic triglyceride lipase activities. [23557]

The cells demonstrate decreased expression of apoA-I mRNA
and increased expression of catalase mRNA in response to
gramoxone (oxidative siress). [26594]

There is no evidence of a Hepatitis B virus genome in this cell
line. [1205] [22909]

ATCC complete growth medium: The base medium for this
cell line is ATCC-formulated Eagle's Minimum Essential
Medium, Catalog No. 30-2003. To make the complete growth
medium, add the following components to the base medium:
fetal bovine serum to a final concentration of 10%.
Temperature: 37.0°C

httD:!:’www.alcc'ora!ATCCA(!vancchatalogSearch/ProductDetails/tabid/452/Dethu1t.asp... 09/11/2009



Cell Biology
ATCC® Number:

Designations:
Depositors:
Biosately Level:
Shipped:

Medium & Serunt
Growth Properties:
Organism:

Morphology:

Source:

Permits/Forms.

[solation:

Applications:

Virus Susceptibility:

Virus Resistance:
Reverse Transcript:

Cytogenelic
Analysis:
Gender:

Cominents.

Propagation:

CCL-61™ [ Order this Item J Price:

CHO-X1
TT Puck

}
frozen

See Propagation
adherent

Cricetulus griseus (hamster, Chinese)
epithelial-like

lLll
et

Organ: ovary

In addition to the MTA mentioned above, other ATCC and/or
vegulatory permits may be required for the transfer of this
ATCC material. Anyone purchasing ATCC material is
ultimately responsible for obtaining the permits. Please click
here for information regarding the specific requirements for
shipment to your location.

[solation date: 1957

transfection host (Nucleofection technology from Lonza
Roche FUGENE® Transfection Reagents)

vesicular stomatitis (Indiana); Getah virus

poliovirus 2, modoc virus; Button Willow virus
negative

Chromosoime Frequency Distribution 50 Cells: 2n = 22.
Stemline number is hypodiploid,

female
The CHO-K 1 cell line was derived as a subclone from the

parental CHO cell line initiated [rom a biopsy of an ovary of an

adult Chinese hamster by T, T. Puck in 1957.(22224)
The cells require proline in the medium for growth. [25976]

ATCC complete growth medium: The base medium for this

cell line is ATCC-formulated F-12K Medium, Catalog No. 30-
2004. To make the complete growth medium, add the following

components (o the base mediom: fetal bovine serum to a final
concentration of 10%.
Temperature: 37.0°C
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Subculturing:

Preservation:

Related Products:

Page 2 of 5

Protocol:

2

[

Remove and discard culture medium.

Brietly rinse the cell layer with 0.25% (w/v) Trypsin-
0.53 mM EDTA solution to remove all traces of serum
which contains trypsin inhibitor.

Add 2.0 to 3.0 ml of Trypsin-EDTA solution to flask and
observe cells under an inverted microscope until cell
layer is dispersed (usually within 5 to 15 minutes).

Note: To avoid clumping do not agitate the cells by
hitting or shaking the flask while waiting for the cells to
detach. Cells that are difficult to detach may be placed at
37°C to facilitate dispersal.

Add 6.0 to 8.0 ml of complete growth medium and
aspirate cells by gently pipetting.

Add appropriate aliquots of the cell suspension to new
culture vessels.

Incubate cultures at 37°C.

Subeultivation Ratio: A subcultivation ratio of 1:4 to 1:8 1s
recommended

Medium Renewal: Once or twice between subculture

Freeze medium: Complete growth medium 95%; DMSO, 5%
Storage temperature: liquid nitrogen vapor phase
recommended serun: ATCC 30-2020

Recommended medium (without the additional supplements or
serum described under ATCC Medium):ATCC 30-2004

e dvanmadMatalaaRearch/PradnctDetaile/tahid/d452/Melaultasn. .. 09/11/2009



Cell Biology

ATCC® Number:

Designations:
Depositors:

Biosafety Level:

Shipped:

Medium & Serumn:
Growth Properties:

Organisn:

Morphology:

Source:

Cellular Products:

Permits/Forms:

Restrictions:

Applications:

Receptors:

Virus Susceptibility:

Tumorigenic:

Page 101 0

HTB-37r [ Order this Item

| Price: $264.00

Caco-2
J Fogh
l
frozen
adherent
Homo sapiens (human)
epithelial
2
Organ: colon
Disease: colorectal adenocarcinoma

keratin
retinoic acid binding protein 1
retinol binding protein 2

In addition to the MTA mentioned above, other ATCC and/or
regulatory permits may be required for the transfer of this
ATCC material. Anyone purchasing ATCC material is

Related
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Micrograph

Make a
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Asked
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Material
Transfer
Agreement
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Support
Related Cell
Cultwre
Products

ultimately responsible for obtaining the permits. Please click
here for information regarding the specific requirements for

shipment to your location.

The cells are distributed for research purposes only. The
Memorial Sloan-Kettering Cancer Center releases the line
subject to the fotlowing: 1.) The cells or their products must not
be distributed to third parties. Commercial interests are the
exclusive property of Memorial Sloan-Kettering Cancer Center.
2.) Any proposed commercial use of these cells must first be
negotiated with The Director, Office of Industrial Affairs,
Memorial Sloan-Kettering Cancer Center, 1275 York Avenue,
New York, NY 10021; phone (212) 639-6181; FAX (212) 717-

3439,

heat stable enterotoxin (Sta, E. coli), expressed

epidermal growth factor (EGE), expressed

Human intmunodeficiency virus 1
Yes

Reverse Transcript: N

Iiirefwany atee ore/ ATCC AdvancedCatalogSearch/ProductDetailsftabid/d 52/Defauft.asp... 0971 172009



Cytogenetic
Analysis:

[soenzymes:

Age:

Gender:
Ethnicity:
HeLa Markers:

Commernts:

Propagation:

Subculturing:

Page 20t 6

The stemline modal chromosome number is 96, oceurring at
16% with polyploidy at 3.2%. Ten common markers were
detected i.e., t(1q;7), 10q-, t(11q17q) and 7 others. The t
(1q17q) and M1 were found ina portion of cells. The ins(2),
10q-, and t(15¢;?) were generally paired, and t(l 1q;17q) and t
(21q;7) were mostly three-copied. Normal N9 was absent, and
N21 was lost in some cells, One to 4 small acrocentric
chromosomes were detected. No Y chromosome with bright
distal g-band was detected by Q-observation.

AK-1, 1

ES-D, |

G6PD, B

GLO-, 1

Me-2, 1

PGMI, |

PGM3, 1

72 years adult

male

Caucasian

N

Upon reaching confluence, the cells express characteristics of
enterocytic differentiation [PubMed ID: 1939345]. Caco-2 cells
express retinoic acid binding protein 1 and retinol binding
protein 1L [Pubied ID: 9040537].

ATCC complete growth medium: The base medium for this
cell line is ATCC-formulated Eagle’s Minimum Essential
Medium, Catalog No. 30-2003. To make the complete growth
medium, add the following components to the base medium;
fetal bovine serum to a final concentration of 20%.
Atmosphere: air, 95%; carbon dioxide (CO2), 5%
Temperature: 37.0°C
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Publications
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Skin
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Karyotypic analysis and Case history
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Split Ratio 14
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Catalog 1D GM03123 Product (Saurce}: GELL CULTURE @ADDTO CART

Suery et
Craractenzations
Fhanotypie Data
fLblicaliens
Zxternal Liks
trages

2iotocols

Qverview

Collectlen HIGHS Human Ganetic Cell Repository
Subcollection [nkerited Disorders
Class Disorders of Lipid Metabuiism
sample Descrlption NIEMAMN-PICK DISEASE, T¥Y2E CL; NPCY
NPCL GEME; NPCY
Cell Type Fibroblast
Transformant Untransformed
Specles Homo sapiens
Common Name Humar
Age 3 YR
Sex Female
Race Caucasian
Family 151
Famlly Member 1
Relation to Proband proband
Clinlcally Affected Yes
Confirmatlon Siochemical charactesization after cell lire supmission to CCR

Remarks See GMA3124 Lympheid; 38% of narmal sphingorayelinase activity, normal B-galactosidase activily, and Impaired cholestero.
asterif.cation in fibrebiasts; the donor subject is a compound heterozygote; one allele carries a missense mutation C>T at nuciectide
709 {709C>T} in exon 6 of the MPC1L gene, resy:lting in a substitution of 3 serine for a proline at codon 237 [Pro237Ser {P2375]); the
second allele also carries a missense mutation 7>C at nucleatide 3182 {31827>C) in exon 21 which results in the substitution of a
threonine for an isoluecine at codon 3061 [11e1061Thr (11061T}]in a transmembrane domain.

Catalog ID GMG3123
Product Cell Culture
Pricing Commaercial Pricing: $85.00
Academic and not-for-proft pricing: $85.00

How to Order Qaline Ordering
Assurance Form (Must have current form oa file)
statemant of Rasearch Intent fForm {Information wnll be antered e'eccrarical y vihan order is places DG HGT fax farm n Zone |
Cuastomer Servica)

Characterizations

sample Description NIEMANN-PICK DISEASE, TYPE C1; NPCL
YPCL GENE; NPCL

Passage Frozen 5

IDENTIFICATION OF SPECIES Species of Origin Corfirmed by Nucleoside Pnosphorylasa, Glucose-5-Phosphale Dehydrogenase, and Lactate Dehydrogerase
OF ORIGIN Isoenzyme Electropnoresis

sphingomyelln According to the submitter, biochemical test results for Lhis subject showed decreased enzyme aciivity. EC "lumnber: 3.1.4.12; 8%
phosphodiasterase activity.

Gene NPCL
Chromosemal Location 18qll-al2
Alletic Variant 1 P2375; NIEMANN-PICK DISEASE, TYPE C)
Identified Mutation PRO237SER

Gene NPCI
Chromosemal Lacatlon 18q11-912
Allelic Varlant 2 607623.0010; NIEMAHN-PICK DISEASE, TYPE C1

Identified Mutation ILE1061THR; {n an initial study of 25 patients with type CL N emann-Pick disease, Millat 21 al. [(Am, ). Hum. Genat, 65: 1321-1329
{1399)] ent.fied a T-to-C transiton at rucleotide 3182 of the N#C1 gere that led 10 an :le1061-to-thr subst-tution (11051T;in 3
patients. The mutat on, ‘ocated in exon 21, affected a putative transmembrane domain of the prote n. The mutation was partcu’ariy
frequent in patients with HPC from western Europe, especially France and the UK, and in Hispanic patients wnose roots were i the
Uoper Rip Grande valley of the U.5. Millat et al. [am. ], Hum. Genet. 65; 1321-1329 (1999)] concluded that the [LOG1T mutation
arginated in Europe and that the high frequercy in ro'thern Rio Grande Hispanics resuited from a founder effect.

Phenotypic Data

Rematrk See GM03124 Lymphad; 36% of normai so.ngomyelinase activity, normal B-galactosidase activity, and mpaired cholesterol esterfication in fiprablasts; the
donor supject 1s a compound heterozygote, one allele carrles a rrissense mutanon C>T at nucleotige 709 (709C>T) In excn & of the NPCL gene, resulting in a
substitation of a serine for a proline ak coden 237 (Pro2375er (P2375)]; the second allele also carries » missense mitation T»C at nuciaotide 3182 (3132T>C)
in axon 21 which results in the subsbitution of 4 threonsne fer an isoluecing at coden 1061 {le1061Thr (11051T)] in & fransmembrane domatn,
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Gu 12, Carstea ED, Cummings ¢, Morris JA, Loftus SK, Zhang D, Coleman KG, Cooney AM, Comly ME, Fandino L, Roff €, Tagla DA, Pavan W), Pentchev
PG, Rosenfeld MA, Substartial narrowing of the Niemann-Pick C candidate interval by yeast artificial chromoseme complementation. Proc Natl Acad Sciy §

A94:7373-83 1997
PubMed 1D: 9207069

Liscum L, Falust JR, The intracellular transgort of low Cens ty lipoprotein-derived cholesteral is nhibited in Chirese hamster gvary cells cuturad wth 3-beta-2-
(diethylamino)ethoxy landrost-5-en-17-one. ) Biol Chem264(20): 11796-306 1989

PubMed ID; 21745416

Liscum L, Faust JR, Low dersity lipoprotein (LOLY-medated suppression of cholesteroi

Chem262:17002-8 1987
pubMed ID: 3680287

Pentchev PG, Comly ME, Kruth HS,
closely linked to defective esterificatior of exogenously deri

PubMad ID;: 3949747

pentchey PG, Comiy ME, Kruth HS, Vanler MT, Wenger DA,

Proc Natl Acad 5¢i U S ABZ:8247-51 1985

PubMead ED: 3865225

Maziere JC, Mazlere C, Mora L,

Nemann-Pick disease type A and
PubMed ID: 7181884

External Links

dbSNP
Geane Cards
Gene Ontalogy

Locus Link
OMIM

omlm Desceiption

Images

Crata are not available

Protocols

Passage Frozen
Split Ratio
Temperature
Percent CO2
Medium

Serum

Routler 1D, Polanovskl 1, [n 'ty degradaton of sphingomyein by cuitured normal Fbrobiasts and fibroblasts from pa

C. Bigchern Biophys Res Communl8:1101-5 1982

abSHP IC: L7690
MPCL

GO:0C04883 ransn
GO 0005478 intracetlluiar ransportes agtivity

GOGN05624 membrang fraction

50:4005764 lysosoime

GO:O00GRRGntraceliylar preten transpot]

GO:0008 1 38 nedgehog recgplor actvity

GG:0015248 steral transporter attividy

GO:00 15021 intagcal to membrane

GO:0030301 cholesterol transport

LocusLink 1D: 4864

257220 NIEMAHN-PICK DISEASE, (YPE L1; #PCL

507623 WRGL GEHE; HPCL

HIEMANN-PICK DISEASE WITH CHOLESTEROL ESTERIFICATION 3LOCK
HIEMAMN-PICK DISEASE, CHRONIC MEURQNQPATHIC FORM
NIEMAMN-PLCK DISEASE, SUBACUTE JUVENILE FORM

HIEMANN -PICK DISEASE, TYPE C; NPC

NYEMANN -PICK DISEASE, TYPE C1; NPCL

mbrane recestor activity

3

1:5

37 ¢C

50

gagle's Minsmum Essent:al “edium with zarle's salts and ron-ess2atial aming acids
10% fatal bovine serum Net inactivated

patel §, Proastel M, Weintroulb H, The cholestarol storage cisorder of the mutant
ved cholesterol ard 1ts relationship to human type C Hiemann-P ¢

synthesis and LOL uptake is Jefectve in Niemrann-ck type C fibrootasts. ) 2ol

SALB/C mousa. A primary genetic lesion
K disease. 1 Biol Chem261:2772-7 1986

patel S, Brady RO, A cefect in cholestero! asterification in Niemarn-Pick diseasg (type } patients.

tignts wth

Substrate None specifico
Subcultlvation Method trypsin-EDTA

bt Homr reriell aro/Sectinnad/Search/Samnle Detail.asnx?Pald=166&RefF=GM03123&t=3  09/11/2009
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Approved Personnel Additional Personnel
(Please stroke out any personnel to be removed) (Please list additional personuel here)

Boram Ham
Anthony Bruni
Sarah Spanton
Andrew Marlins

Soon-Duck Ha

Please stroke out any approved Write additional Biohazards for
Biohazards to be removed helow approval below. *
) 5 P. aeurogenosa, S. lyphimurium o T
Approved y [/\OC’{‘D%&O' Hus ham ﬂOSLLS)

Microorganisms

E-(Ole ECLOOO B./oll'h,.?,\

Human (prirnary), redenl {primary), human
(established), THP-1, radenl {establishad),
RAW 2649

Approved Cells

Blood (whole). PARF-CFP, mRFP-Rab7,

) | g I
Approved Use ol REP-Rab5

Human Source
Material

Approved GMO P TRKS}()) P oR 129,
PTRIALLA . *

Approved use of M

Animals

S PLEASE ATTACH A MATERIL SAFETY DATA SHEET OR EQUINALENT FOR NEW BIOHAZARDS.
S5 PLEASE ATTACH A BRIEF DESCRIPTION OF THEY ORK THAT EXPLAINS THE BIQUAZARDS USED AND HOW THEY I5ILL BE

ESED.
Classification: 2
Date of last Biohazardous Agents Registry Forni: Apr 28, 2008
W g . 1 aea1 i A g (_/.. B
Signature of Permit Holder e
BioSafety Officer(s): Q i }f,l/"‘ 2 o X i % S

Chair,Biohazards Subcommittec: CLM\!’ 9-(, {_’/fﬂ,ﬁﬁ_f“
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Classification: i/
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Biosecurity Requirements for Facilities Using

Biological Agents

(1) Biological agents protected by a lock. For example, biological agents in a
freezer, fridge, laboratories or other type of container must be locked after-
hours/if no one present. '

(2) The supervisor must ensure that each person has the qualifications and
training to do the work without supervision.

(3) Visitors must be accompanied.

(4) The supervisor must keep a current inventory and a list of the location(s)
where the biological agent(s) are stored and handled.

(5) Labelling to identify samples and the container in which they are stored.

(6) Notify the biosafely officer if a sample is lost, stolen, or otherwise misused.

(7) Notify Campus Community Police Services of suspicious behaviour,

There are two additional regquirements for Facilities Using or Storing

Bijological Toxins:

(8) Do not keep on hand more than the amounts regulated by the United
States Select Agents regulation: www.selectagents.gov/index.htm/
(9) For best practices, it is recommended to use or handle less than one

human dose at any given time.



e tise of lethal toxin

Subjeet: Re: Usce ol lethal toxin

From: Sung Kim <Sung. Kim@ schulich.uwo.ca>
Date: Fri. 06 Feb 2009 11:22:01 -0300

To: lennifer Stanley <jstanle2@ uwo.ca>

See below:

s Jermiler Stanley <jstanle2@uwo.ca> 2/6/2009 11:18 AM >>>

Thanks Dr. Kim

| understand from this that you store ~ | mg ol each component. Total we have, We have i aliquots.
Do you have any L1530 information? abiout 100 micg/20g wt. in mice.

How do you dispose of the material when the experiments are complete? Toxin is imactivated in 3hat

room temp. Bleach them, anyway.

Jennifer

Sung Kim wrole:

> Hi Jennifer:

>

> 55> Jennifer Stanley <jstanle2@duwo.ca> 2/5/2009 9:36 AM >>>

> i Dr. Kim

> Jusl a couple more yuestions:

> - how much of the toxins (PA and L1) do you keep on hand at once? ~)
> mg cach

> - how much ol each do you usually use at once? 5 micg What is the

i

concentration ol toxin? 50 micg/ml
> Thanks!
Jenniter

o

\J-

ot WERTTTR R Y



The MTA s to obtain vectors {0 transform Lactobacillus rharmnosus
for probiotic study. We wil transform L. rhamnosus using
these vectors to identify genes involved in macrophage activation In

vitro.

pTRK830 (EmR vector for Lactobacillus rhamnosus} -

HORI28 (integration targeting plasmid, EmR)

pTRK658 (helper plasmid, CmR)

£ coli EC1000

/Purpose is for cloning and integration experiments in Lactobacilius

rhamnosus.

|llllllilillllllllllllllllllllll'llllllll!l|lllllllI!ll|llIll.lllllIIllll!



We prepare recombinant fethal toxin and protactive antigen

from E. coli. After purification, we use them cell lines or prdmary
peritoneal or bone marrow-derived magcrophages in vitro. All toxins are
kept ir -80 ir our lab. Qur fab is locked all the time, uniess some one

is in site

We are using E coli-BL21 to express PA ard Bacillus megaterum for L,
| peileve they are commercial strains.
Mostiy we use hoth toxins to treat cells.

We use toxins to treat mouse primary and immortatized macrophages,
but sometimas use human or mouse fibhrcblasts.
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THE UNIVERSITY OF WESTERN ONTARIO
BIOHAZARDOUS AGENTS REGISTRY FORM
Revised Blohazards Subcommittee: Ssplomber, 2007

This form miust ba compretod by sach Prngipat Investigator hoiding a grant adraeistarad by the Univers.ty of
Wstern Gntario whers the use of bionazardous irfectious agenls aro desuribed in the sxpermental work
proposed The form must also be compieled if animal wark is proposed involving the use of bivhazardous
agants or apimal carrying zoonctic agents infectious 1o himans. Cantainment Lavels wil be required in
accordance wiih Laboratory Biosafely Guidelines, 3ed sdition, 2004, Health Carada (HC) or Contairmen:
Srandards for Vetennary Fagilities, 1* edition 1996, Canadian Food Inspection Agency [CFIA)

Campleted forms aro o de eturned o Occupational Hoalth and Safety (Stevenson-Lawson Building, Roem
30) for forward lo the Biohazard Subcommittee. For questions regarding this form, nlease contact tha
Biosafely Coordinato: at extens:or £3135 I thare are changes o tha information on this form (gxcluding
geant titte and funding agoncies) mod-fications must be sompleted and sent to Occupaticral Heallh and
Safsty. Sag websile: wanw. UwWo. cafhumancasouré as

PRINCIPAL INVESTIGATCR
SIGNATURE

DEPARTMENT UM K ° ]

ADDRESS 50l T wes destun. RA
PHONE NUWBER a6/ -
EMAIL L ._M&cﬁ_‘c@aw_ ...... .

Lacalicn of axpedmental work 1o be carried out: Buildirg(s) SHR L Room(s)_.L ]

"For work being parformad at institutions alfiliated with the Uriversily of ‘Western Ontaro, the Safely Oflicar
for tha Institution whare experments will take place must sign the form priof to it peing sentto Occupational
Yealth and Salsty (See Section 12.0, Approvals). For research being dang at Lawson Health Research
Institute, London Regional Cancer Contra, Child and Parent Research Inslilule or Rovarts Raesearch
Institute. University Biosa‘ety Cornrmitiee mombars can also sign as the Safaty Officer

CRANT TITLE(S):
a,é_;%__ oo« (e faggpér* ~/_7‘E{££C£€¢70{Z<TL/‘?&":’¥

= lntectiy  meclprisns of-
o paddas.  oed ed decctl i Mot BRABLNN e

PLEASE ATTACH A BRIEF DESCRIPTION OF YOUR WORK, SUCH AS THE RESEARCH GRANT
SUMMARY THAT EXPLAING THE BIOMAZARDS USED AND HOW THEY WILL BE USED. PROJECTS
SUBMITTED WITHOUT A SUMMARY WILL NOT BE REVIEWED.

- ~ . T s
S MOING AGENCYIAGEMCIES - (’L/@ o
spame g of all sersornal wekirg urr Sopaigal veasllgaions sLescasian i his 10t
Spon —lucte 1
 Spen mldaets YA e e T o
I gy M Y R e
R P ) Y _
' 4 ~
_gamr_‘rtﬁ.,-._ﬁ_é’ébsﬂ:,‘nd,.l : . e e ———— e

o iysam T on AL 3T BE ATTASHID PO T3 IR 9% BADIEST AL N T BE REY BN IO



[0 Microorganizms

RIS

'\\\(_

sowiork nvshve the ase of msrr)crgambms or niolegizal agents of piant

o animyat oG

fincluing I;u( not limited o viruses, prions, parasites, baclaria}? {ES IO
If ng, sleass orogeed to Section 2.0
12 Please complale [ha tadl lebeiow - e
Mame of | s it known to | s tkrown e | i3 itkonown o | Maximum Source/ | Heaith
Bialogica he a numan | oe an aniral | be a 20070lic quanlity to | Sapplier  Ganada o7
agent{s} pathogen? _ pathogen? agent? be cullured CFIA
‘ at one Contairment
. G YESINO YESING YESMNQ time? | Lavel
T [5Res ONo | ©Yes ONo|OYes ONo g 01 &% 0
Pagacgomse | | YT el
¢ v Ores O Mo | ©ves O NojOYes CNo 9 ;owm’oa;
: ﬁ//‘{,/ﬂ(/ﬂ(i"ﬁ ] o AAXfol Yl
OVes O No | OYes OMo [ OYes (3No 012203
o — e e e - 4 — T [ .._{.._‘ N e reme e —————
. Ovaes ONo OYes OMo |OYes ONo O!OEOBI-
lﬁ N R L P |
Olease attach a Matarial Safely Data Shaat or aquivatant from tho supplier.
2.0 Call Cuiture
(%ES O NO

2. Doas your word involve the use of cell culturas?
‘f no, pleasg proceed o Secton 3.0

59 Please ndicate the type of pririary © sells fi.e. derived [

o fresh tissue) that will ke grown in cultare o the

tab ¢ balow
s this calf lypn used in your

“Source af Primary Celt Culture

“Call Tyon

SR | worg? b_T|:>sue -

“fumarn WPS O No " iﬁm‘#’{ Le W-A— WQEEL

Redeal G’\’es O Mo pé"f/bﬂf”’, ot ﬂ)f;d "j”-"(’ﬁ"#&’{
Non-human primate OYes ONo

Other (QD-C’“”/)W.‘

L ————

wiil be grown i cu: lu:A a the lable balow.

2.3 Pleasa ndicaie 1ho 1ype o of gsabhshed cals thal B
Cail Tyoe o 15 this coll lype usad in | Sparmc ceil fine(s) Supphg CSouina !
o youcwor k7 . e . o .
CHuran o ‘ UYes QMo 1 '."'r"fl‘)) ~f AT ¢
U U e - — —
RN wtes O Mo ) gi%) )"5,&2 | fﬂvc_c —:
F‘ LA 2 wu o 6‘«5 T AN { ] '
[‘TIL,,- “jp.‘,,u\,, o “r‘)‘ m) _7\] . __”; o i ' |
- _ [ . e e o / ]
oy quosn g pair Vs s desa O CE A sariaamatt oo ENTELE I I Koo
IR TN AR LE Saran, Tyt w02 B U R A TR T R ST LI B e A L FRETIN
1’ ,J
S30RE TION WY 332 A u.)ﬂE:') SO TH 3T A BOOELI T MDY EE SNV
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3.0 Usa of Human Source Materials

1 Does you©

{ o please nroceed o Se

3.2 indicate b n the table velow the

Human Source
| hatertal

Human Biood {(whols) or
othar Body fiuid

Huma~ Blood ’frac:lor\)
or other Body Fluid

work invahre the 23

Paman seurse malesa s? (J//E

Fluman Organs
(unpreserved)
i Human Tissues
(unpraserved)
Human Organs
(preanmed)

2 of MO
ction 4.0
(ow the Human Scurce Material to be used.
“Source/Supplier  : Is Human Source Name of [ HC or CFIA
{Company Name | Materlal Known to Ba Infacticus Containmant
Infactad With An Agant (I Level (salacl
Infectious Agont? applicable) one)
YESING
R R
)l /un fw -~ g 03
O Yos oNe | 00 e
e _ i 03
Sves oMo | Ol 02
o _ 03
OYes ONo ’ o1 0l
[ N RO i 03
O Yes O Mo ot 02
[ A EN B

4.0 Ganatically Modifigd Organisms and Gell linas

4.1 Will genetic
Sections 1.0 and 2.0?
{ no, please proceed 10 S

4.2 Wit genotic sequencos from the follawing De involved:

action 590

modifcations be made fo the microcrganise 15¢810l0gical
OY=S g

NO

agents or calls described in

v HIY O YES OND
i YES specily__
¢ HTLV tor?2 of genes from any COC dlass | pathogens O YES O NO
ivYESspecity .
y  Other human or animal pathcgen ang or tneir toxns O YES O NO
if Y535 specify___
13 Wil irtact ganetic sequencas ©8 used lrom
v Sy A0 Large T artigen OYESONO VYES specify L
v Kaown oneogenas OYESONO YESspecily
4 A4 Wi e viry vectoc(s) or Haclerial olasm'y o Liad for gane transduoction OYEs DD
Ifr=3 namae - .
Dlaasd alaee )a‘ljf:—,l ai Saletv Y Data Sheast o aqueaert
ALt speuilic st he vsad o I .
C il /oL s e esluaues deledtive JVES 13N
' Rl v afantgo y L DT e i Als OYES )M
R LR A RS RS LR I et Pl o
TV AN PRDLES T L MDT BT RE (2=

S AV AT BE ATTATHED TO TH S




5.0 Huwman Gang Therapy Trials

50 Wil vanan clinical tnals using the virai vector in 4.0 be conductad? O YES I NO
if o, pizase srocesd to Section 5.0

¢3S atlach a Lill descrintion of the maka-up of he vires,

50 Ml s ba aole (o repifcats n the rost? QYES O MO

33 How will e virys de agministered?

5.4 Pleass give tha Health Care Facility whers (ne clirical teial will oe zonducied:

5 5 Has humanr ethics approval been obtained? OYES O MO O PENDING

6.0 Animal Experimants

6.1 Will ary o lhe agents listed be used in live animais”? b/‘r’ES O MO
If no, please proceed lo section 7.0
¢ 5" Cif—/é

5.3 AUS protocol . fodﬂf([r"&? o

5 7 Name of animal species to te usad M ows&

6 4 If usirg murine call lines, have they baan testad for murne pathogens? MES O NO

7.0 Use of Animal species with Zoonotic Hazards

7.1 Wil any of the following arimals or their organs, lissues, lavagas or other aadily fu ds mchuding hlood

he used. /
¢+ Pound source dogs OYESONO

v Pound source cals O YES 0

v Calie, shagp or goats O YES

s Mon- Human Prmates O YES G40 1 YES specily species . o
v Wild caught animals HYES @O If YES specily species ) s

colony ¥ .
v 3iros O YES dﬁo

v Others Dwile or demeslic) O YES O NO

8.0 Biologicai Toxins ,

51 Wil loxirs o¢ biological origin oe used? ) YZ5
If 70, aleass droneed to Saction 97)

A2 S nieass came the ok __ [

33 mhalis the LDsy (spacly species) of e o _ —

Yo Dteysa 3toos niarmalon 3nr s Ytz 1y Sadots Dala 3nast, 'orhe leans) usac
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