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We performed shuttle mutagenesis of Legionella pneumophila. Mutants were screened for reduced cellular
infectivity. Approximately 109 of the mutants had decreased cytopathicity. The DNA sequence of one locus was
determined; the inferred amino acid sequence revealed homology with transport proteins including Escherichia
coli TolC, BordeteUla pertussis CyaE, and Akaligenes eutrophus CzcC and CnrC.

An approach to disclosing pathogenic mechanisms of Legio-
nella pneumophila, the cause of a severe pneumonia (11, 14,
18), is to isolate mutants defective in virulence-associated
traits. We concentrated mutagenesis of L. pneumophila on
exported gene products because these proteins are likely to
play a role in host cell interactions. We used TnphoA to
perform random mutagenesis and screened strains with
PhoA+ fusions for reduced cytopathicity (21). The use of
TnphoA was complicated by its inefficient transposition in L.
pneumophila. We therefore employed shuttle mutagenesis (5,
30, 31). (Strains and plasmids used in this study are listed in
Table 1.)
We constructed an L. pneumophila genomic library in cos-

mid pTLP5 (4); pTLP5 carries both selectable (i.e., chloram-
phenicol resistance) and counterselectable (i.e., streptomycin
resistance) genes. DNA from L. pneumophila AA100 was
partially digested with Sau3A, and DNA fragments were size
fractionated on a sucrose density gradient. DNA fragments of
-35 kb were ligated with BamHI-linearized pTLP5 and pack-
aged by use of Gigapack II Gold extracts (Stratagene), accord-
ing to the manufacturer's protocols. Transductions into Esch-
erichia coli DH1 yielded -105 CFU/,Lg of ligated vector-insert
DNA (except where noted, E. coli strains were grown at 37°C
in Luria-Bertani [LB] broth or agar medium and appropriate
antibiotics [6]). A library of 1,000 individual transductants was
saved in 96-well microtiter plates. Poisson distribution predicts
a >99% probability that any given sequence will be repre-
sented in this collection.
For transpositional mutagenesis, we constructed a derivative

of TnphoA by inserting the oriT sequence of RK2 plasmids (a
0.7-kb BamHI fragment from vector pEYDG1) into the
unique BamHI site of TnphoA. The site of insertion inactivates
the cryptic, streptomycin resistance gene. The oriT sequence
allowed conjugal transfer of mutated cosmids into L. pneumo-
phila (12). To facilitate the introduction of TnphoA-oriT into
strains of interest, a defective X transducing vector was con-
structed to deliver the transposon, as has previously been done
for delivery of Tn5 and TnphoA (21). Briefly, a temperature-
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sensitive X573 was used to transduce E. coli LE392 to obtain
a prophage, according to standard protocols (3). This lyso-
gen was transformed with TnphoA-oiT at 4°C to avoid tem-
perature induction of the prophage. Kanamycin-resistant col-
onies were collected, and a large-scale lysis was induced at
42°C. X particles were isolated from the lysate as described
elsewhere (29), strain LE392 was transduced anew, and kana-
mycin-resistant lysogens were isolated. Five lysogens were
induced at 42°C by the liquid lysate method described by
Ausubel et al. (6). The lysate with the highest titer was used to
make a final kanamycin-resistant, TnphoA-oriT lysogen, which
was immune to X573. This final lysogen was used in all
subsequent experiments to generate X::TnphoA-oriT transduc-
ing lysates.

Shuttle mutagenesis was performed by transducing 96 indi-
vidual DH1 clones from the pTLP5 library with X::TnphoA-
oriT at a time; replicate microtiter plates were prepared from
the master library by use of a pin replicator. The clones were
grown to early stationary phase and then transduced at a
multiplicity of infection of -5. After 30 min at 30°C without
shaking, the cultures were diluted 1:10 with LB broth contain-
ing chloramphenicol and grown, shaking, at 30°C for 3 to 16 h.
About 106 cells were plated from each transduction on LB agar
containing kanamycin, chloramphenicol, and a substrate indi-
cator for alkaline phosphatase, 5-bromo-4-chloro-3-indolyl-
phosphate p-toluidine salt (XP; 40 ,ug/ml). The LB-XP plates
were incubated at 30°C for 48 h, and blue, PhoA+ colonies
were readily identified.
To distinguish transpositions in cosmids from those in the

chromosome, small-scale matings into the phoA deletion
strain, CC118, were performed. Briefly, donor, recipient, and
helper plasmid-containing E. coli were grown in selective
media to an optical density at 550 nm of 0.8. The cultures were
mixed (1:1:1 ratio) in a 1.5-ml tube, pelleted, and spotted on a
piece of nitrocellulose resting on an LB plate. After 3 h at
37°C, bacteria were resuspended in water and dilutions of 10-1
to 10-4 were spotted onto LB-XP containing chloramphenicol,
kanamycin, and spectinomycin. If all three markers were
mobilized simultaneously, we assumed that TnphoA-oriT was
on the cosmid. PhoA+ transconjugants indicated cosmids with
fusions in cloned L. pneumophila genes.
Cosmids with PhoA+ fusions were transferred into L. pneu-

mophila AA103 by triparental matings (except where noted, L.
pneumophila was grown at 37°C with buffered charcoal yeast
extract agar (BCYE) or buffered yeast extract broth (BYE)
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TABLE 1. Bacterial strains and plasmids

Bacterial strain, phage, Characteristics Source or
or plasmid reference

E. coli
DH1 supE44 hsdRl7 recAl endA4l gyrA96 thi-J relA1 16
LE392 F- A hsdR514 supE44 supF58 lacYl galK2 galT22 metBI trpR55 23
CC118 araD139 A(ara leu) 7696 AlacX74 phoA A20 galE galK thi rpsE rpoB argE(Am) recA1 21
HB101 F- mcrB mrr hsdS20(rB- mB-) recA13 leuB6 ara-14 proA2 lacYl galK2 xyl-5 mtl-l 7

rpsL20 supE44 A

L. pneumophila
AA100 L. pneumophila SG1 130b
AA103 Nalr Strr derivative of AA100; high-frequency conjugation recipient 9
AA107 Strr derivative of AA100 M. A. Albano
AA124 AA107 I21::TnphoA-oriT 5
AA125 AA103 hel::TnphoA-onT 5
AA125a AA107 hel::TnphoA-oriT 5
AA126 KmS derivative of AA125; hel::TnphoA-onT replaced by hel This study

Bacteriophages and plasmids
X::TnphoA-oniT Derivative of X573 with TnphoA-oriT (Kmr Sm') inserted in an unknown location This study
pEYDG1 35
pRK212.1 Apr Tcr Tra+ D. Figurski
pRTP1 Apr rpsL (Sms) oriT cos 32
pTLP5 Derivative of pTP1 with cat from pACYC184, Apr deleted, oriT deleted, and a This study

unique polylinker added
pJAI25 Cm' Sm5; vector, pTLP5; cloned L. pneumophila 35-kb insert with I25 gene This study
pJA6 2.2-kb HindIII fragment of pJAI25 containing hel cloned into pBluescriptKS+; Apr This study

and appropriate antibiotics [2, 12]). Kanamycin resistance was
transferred to L. pneumophila at frequencies of 10- to 104
per recipient. Transconjugants were grown on BCYE contain-
ing streptomycin and kanamycin, and individual colonies were
plated in replicate onto BCYE-kanamycin with or without 2.5
,ug of chloramphenicol per ml to score for allelic exchanges
(i.e., loss of the counterselectable vector pTLP5 results in
chloramphenicol sensitivity). Passage of transconjugants on
agar plates with streptomycin resulted in chloramphenicol
sensitivity (i.e., loss of the cosmid) at frequencies of 10-1 to
10-2. L. pneumophila colonies having the desired antibiotic
sensitivities were tested for E. coli alkaline phosphatase activity
by use of XP-agarose plates such that the endogenous L.
pneumophila phosphatase was inactive (2).

Although mutagenesis of the library is not complete, 16% of
864 cosmids subjected to TnphoA-oriT mutagenesis have genes
that are targets for active alkaline phosphatase fusions in E.
coli. Fifty-five percent of these fusions could be exchanged with
the wild-type gene in L. pneumophila, suggesting that 45% of
insertions isolated in E. coli may have occurred in essential
genes of L. pneumophila.

Cytopathicity assays were performed in U937 cells as previ-
ously described (2), with the following modifications. Bacteria
were grown on BCYE for 48 h at 37°C in the absence of
antibiotics. To confirm the stability of thephoA gene fusions in
strains grown under nonselective conditions, all mutants were
tested on XP-agarose plates after growth on media without
kanamycin. Among 44 PhoA+ (E. coli PhoA+) L. pneumophila
mutants studied, 4 were significantly attenuated (i.e., 250%
loss of cytopathic effect). This is consistent with results from
screening over 80 L. pneumophila MudphoA mutants (1).
Figure 1 illustrates the results of a cytopathicity assay with a
representative, fully infective mutant (AA124) and an attenu-
ated mutant (AA125). The position of a single TnphoA-oriT in
the chromosome of these mutants was confirmed by Southern
hybridization and presented elsewhere (5). Strain AA125 was

found to be -50% less cytopathic than its parent strain. This is
comparable with the degree of attenuation observed with mip
mutants in use of this assay (8).
We used two methods to confirm that the transposon

A100

80

.i,60

240

20

A

B

._

.5
Cu-

AA103 AA124 AAM03 AA125
FIG. 1. U937 cell cytopathicity assay of PhoA+ L. pneumophila.

Bacteria were incubated with U937 cells at a 1:1 ratio for 30 min, and
then the monolayers were washed and placed in fresh medium. MTf
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] vital
staining was performed 72 h after infection. The viability of the
infected monolayers was expressed as a proportion of the intensity of
MTT staining in infected, versus uninfected, control monolayers
(ordinate). Results are means for eight replicate wells; the error bars
indicate standard deviations. The filled bars indicate monolayers
infected with AA103. The hatched bar in panel A represents a fully
infective PhoA+ L. pneumophila fusion strain, AA124; the open bar in
panel B represents an attenuated PhoA+ fusion strain, AA125. The
two panels represent separate experiments.
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AA107 AA125a AA126

FIG. 2. Complementation and marker rescue of attenuated mutant
AA125. (A) Monolayers were infected with (from left to right)
AA107(pTLP5), AA125a(pTLP5), and AA125a(pJAI25). All three
strains were grown in the presence of chloramphenicol (2.5 ,ug/ml)
before inoculation. U937 cell monolayers were infected at a ratio of
10:1, and MTT staining was performed 48 h after infection. A higher
multiplicity of infection was necessary, since growth in chloramphen-
icol adversely affected the cytopathicity of the inocula (unpublished
observations). (B) Monolayers were infected with (from left to right)
AA107, AA125a, and a PhoA- KmS derivative of AA125a, AA126.
A ratio of 0.5:1 was used, and MiT staining was performed 72 h
after infection. Viability is expressed as described in the Fig. 1 leg-
end.

insertion in AA125 was responsible for the cytopathic defect.
First, we transferred the mutated cosmid (pJAI25::TnphoA-
oriT) from E. coli to L. pneumophila AA107. Exchange of the
gene fusion for the native locus was repeated de novo, and the
cytopathicity of this strain, AA125a, was tested. AA125a had
precisely the same defect in the U937 cell assay as that seen
with AA125, suggesting that the insertion at the I25 locus,
and not another unlinked mutation, was responsible for the
defect.

Second, we complemented the mutation in trans with the I25
locus from cosmid pJAI25. We transposed TnphoA-oniT into
the rpsL gene of cosmid pJAI25 in E. coli HB101, using
kanamycin and streptomycin resistance to select for these
particular insertions. Transfer of pJAI25 rpsL::TnphoA-oriT to
AA125a restored wild-type cytopathicity; the defect in cyto-
pathicity was not complemented by transfer of vector pTLP5
alone (Fig. 2A).
By culturing trans-complemented AA125a in the absence of

antibiotic selection, we identified PhoA- progeny at a fre-
quency of i0-' to 10-5. Southern hybridization of one such
isolate, AA126, probed with I25 DNA showed that the gene
fusion was lost and an intact copy of the I25 gene was present
on the chromosome, presumably resulting from homologous
recombination with the insert on pJAI25 (4). In the cytopath-
icity assay, AA107 and AA126 had equivalent, wild-type cyto-
pathicity, whereas AA125a was defective (Fig. 2B). These
studies confirm that the insertion into the I25 locus is the cause
of the cytopathic defect in AA125a.

Using an oligonucleotide complementary to the 5' end of
phoA, we sequenced the fusion junction on pJAI25 (Sequenase
Version 2.0 kit; U.S. Biochemicals). From this sequence,
additional primers were synthesized (at the University of
Michigan Medical School DNA Core Facility) to sequence the

sense strand from a 2.2-kb Hindlll fragment of the intact locus
subcloned into pBluescript KS' (pJA6); the complementary
strand was sequenced by making nested deletions (Erase-a-
Base kit; Promega). The DNA sequence (Fig. 3) revealed an
open reading frame (ORF) in frame with the TnphoA-oriT
insertion. Translation of the sequence predicted a 395-amino-
acid polypeptide of 43,900 Da. A product of this size was
identified by in vitro transcription/translation (E. coli S30
Extract System; Promega; data not shown). The sequence also
shows an incomplete ORF that overlaps the stop codon of the
target gene. A truncated product predicted by the sequence
analysis of this downstream gene was also seen in the in vitro
analysis.

Analysis of the inferred amino acid sequence revealed
similarity with a family of transport proteins. DNA sequences
were analyzed with MacVector (IBI-Kodak), and homology
searches were obtained from the Swiss-Prot and GenBank/
EMBL databases with the Genetics Computer Group (Univer-
sity of Wisconsin) version 7.3 VAX system. Among the most
similar were proteins of E. coli (i.e., TolC), Bordetella pertussis
(i.e., CyaE), and Erwinia chrysanthemi (i.e., PrtF) (Fig. 4).
These proteins are required for export of alpha-hemolysin, a
bifunctional hemolysin-adenylate cyclase, and a metallopro-
tease in their respective species (13, 17, 34). Each of these
exported products (HlyA, CyaA, and PrtB) is a member of a
family of proteins whose excretion is independent of N-
terminal signal sequences.

Because of this functional similarity, we examined strains
AA107, AA125a, and AA126 for proteolytic and hemolytic
activities. The three strains exhibited similar zinc-metallopro-
tease activity as demonstrated by hide-powder azure assays
(reference 10 and data not shown). For analysis of hemolytic
activity, blood agar plates were prepared from BYE solidified
with washed agar (28). On the basis of initial observations that
indicated that only AA125a was not hemolytic towards human
or sheep erythrocytes and of the fact that the mutated gene
in AA125a does not encode an RTX toxin (such as HlyA
[requiring TolC] and CyaA [requiring CyaE]), the mutated
gene was designated hel, for hemolysis expression in Legionella
(4).
Subsequent experiments suggested that the observed lack of

hemolytic activity may be due to a subtle growth defect on
media containing blood, rather than to the lack of hemolysin
expression per se. However, strain AA125a did not exhibit a
generalized growth defect; growth of strain AA125a was
indistinguishable from growth of AA107 on BCYE plates or in
BYE broth or chemically defined broth culture (reference 27
and data not shown). The subtle growth defect observed with
strain AA125a in the presence of blood suggests that hel may
be an inappropriate name. However, until a function has been
defined for this locus, we will continue to use the hel designa-
tion.
The predicted hel gene product showed 25% identity to

Alcaligenes eutrophus CzcC and CnrC (Fig. 4). The inferred
amino acid sequence of the incomplete downstream ORF
suggests homology with another family of transport proteins,
MFP (membrane fusion proteins), which includes CzcB and
CnrB from A. eutrophus (19, 20, 22, 24). The czc and cnr
operons specify resistance to Co2", Cd2+, and Zn2+ and to
Co2' and Ni2+, respectively. However, strain AA125a grows as
well as strains AA107 and AA126 in the presence of these ions
(data not shown).
Whereas available information suggests that hel is involved

in transport, its function remains to be determined, as does
its role in infection of U937 cells. The homology of both the
hel gene product and the product of the downstream ORF
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* * * * * * * * * 100

AAGCMTMT GATGATrACATGTATTGCCCTAT11IMGCATAACACACTAITAATAAAATCCGITTTTAATTGAMGCATCTGGT1111TACATTGAATT

* S * * * * S * * 200
GGTATCGGTMGi I I IATGGA11TCAGAATTAGGTAMATAGAGAAGAAGCAMACTCATAATTAAAGGCATCAAAACAGTGGTMTAAGTATGGA

* * * * * * * * * 300
TrAAATCCAGTTAGAATGTCAAATCATGGTGTGAACAGATTATCMTGGTTATLTAATCAMGGAAAAAGGAATGGGGCI I TI TTrAAGGTTGGMTCAC

M G L F L R L V S L

* * * 1j. * * * * * * 400
TGGIIMACTGAGCMTGTCATTCAGTACAAAAGCCAATACAACCICACATrCAAACAAGCCMTGGCTATGGCTMATCGCAATAACCCrGAATTGCAAGC
V L L S L S F S T K A N T T F T F K Q A L A M A Y R N N P E L Q A

* s * * * * * * * 500

TGAAATAGATAAAGCGCAAGCCATGAGAGGTGCTTTrATrCAAAGCGGACTITATCCTAACCCCCAAMCFAAM1TCAGCAGAAAATTGGTGGTTCr
E I D K A Q A M R G A F I Q S G L Y P N P Q L N L T A E N F G G S

* * * * * * * * * 600
GGTGTCrATTCCAGTTATGAATCA,GCAGAAACCACGGMCTTGTGACACAACCTATTCCMTAGGGCATCGTMTCAGTAMGCAAAAAGCAACCTATG
G V Y S S Y E S A E T T A S V T Q P I P L G H R L Q Y L Q K A T Y A

* * * * * * * * * 700
CGGATTAMIGACTTCTCTTGCGAGTATrAAAGTGCAAAAAACGGTGCATAICAIGGTAACGCGTACGTGGATGCTTATATGCAGAACAATG
D Y L T S L A S I K V Q K T V L Y M A V G N A Y V D A L Y A E Q W

* * * * * * * * * 800

GCATAAGGTAACCAAAAAATTAACCAAACTTAATCAAGACATTGTAGTCGCCATTGAACGCCGGGTTAAAGCGGGTGCTGGTGCGGAGTTGGATTTGCGA
H K V T K K L T K L N Q D I V V A I E R R V K A G A G A E L D L R

* * * * * * * * * 900

TTAGCCCAAGTGCGCrTGGGTGAGGCTCGAATTCAGGAAACGAAAGCATCACGTGATGCrTTGCTACAACGAGCAAGGCTCGCCCGTCTATTAGGTrATG
L A Q V R L G E A R I Q E T K A S R D A L L Q R A R L A R L L G Y G

* * * s * * * * * 1000

GG1TAAGAATTGATMGCCITGGTGGATAAAGGATTGCCTGGTCTACTCTGGATTGGTCCGAATrAATAAAACTACCGCAAAGCCCGCAGCTTGT
L R I D K P L V D K G L P G L T L D W S E L I K K L P Q S P Q L V

* * * * * * * * * 1100

GCAAATGCAATTGCAATTACAAGCCAGGCGAGCCACGATTACTGCCGTTAAAATCCGTITGGCCTGAMAAATATTCAATTGGGTGGTCGCCATTIf
Q M Q L Q L Q A R R A T I T A V K K S V W P D L N I Q L G G R H F

* * * * * * * * * 1200
TCTGATGATGGCAGTAATGCTGCGGTGATGTCrGCTTTTGCAGAAGTACCTGTTTATAATCGCATCAAGTGGAAATCATGACGGCTGAAGCGCAATATA
S D D G S N A A V M S A F A E V P V Y N R N Q G K I M T A E A Q Y T

* * * * S * * * * 1300
CTCAAGCGGCTCATGAGTTTCAAAGCACGCGTMIGAGGTGCGTCAAAATGTCTATGCGG1ITUCACCAACAAAGTCAATACGAAGCCAM11
Q A A H E F Q S T R L E V R Q N V Y A V F L Q A Q Q S Q Y E A N L

* * * * * S * * * 1400
AGTCACGGATTCCMTATTGCCCTCCGCGCGTAAGTCCATCCAATTGGCTCAAGAGGGTTATCAAATGGGTCGTTATACTMATGTGGAACTTTATACGGCA
V T D S L L P S A R K S I Q L A Q E G Y Q M G R Y T Y V E L Y T A

* * * * * * * * * 1500
TTAAGTACCMAGTATGGAAGAGCGTCATTATCAGCAGGCTCATGCCGATrATCATAAATCITTAICAGATGACAGGGC1TTAGGATTAGAGCCCA
L S T L Y E E E R H Y Q Q A H A D Y H K S L I Q M T G L L G L E P I

* * * * * * * * * 1600
TTAAGGA(AGTCAATGAAAMCAAAGGCCATTCATFCCTCATTTTCrATCGCTGACTTITATTGAGCTrTAGrTCGTMCCMTAAGAGCTGAAAAC

K E S Q *
M K F Q R P F I P Y F L S L I L L L S F S S F S L R A E N

* * * * S * * * * 1700
AACCACTCTGAAGAAAGCGAACATCAAAAGACTATGGAAAAGGTCCACAAGGTGGACGTTTGTTTAAAGAGGGAAATACGGCATTGGAACI I ITAAM
N H S E E S E H Q K T M E K G P Q G G R L F K E G N T A L E L L I F

* * * * * * * * * 1800
TTGAAGGGGTATGCCTCCrCGTIITCGTGCITAMGTATCAACGGAAAATGATCrCTCCCrATAAAGCCCAMAACAGTTGAACTCACTCGGIT

E R G M P P R F R A Y L Y Q N G K M I S P Y K A H L T V E L T R F

* * * *

TAATGATAAAAAAGAGGTTATTACCMCATTCCAGTrGAGAAM
N D K K E V I T F I P V E N >

FIG. 3. DNA and predicted amino acid sequences of the hel locus. Potential ribosome-binding sites for hel and the downstream ORF are
underlined. The site of TnphoA-oniT insertion within the hel gene is indicated by the arrow between nucleotides 333 and 334. The hel gene starts
with the ATG codon at nucleotides 273 to 275 and ends with the TGA stop codon (*) at nucleotides 1515 to 1517; the downstream ORF starts
with the ATG codon at nucleotides 1514 to 1516.

with products of the A. eutrophus czc and cnr operons perhaps It also is possible that, like E. coli TolC, Hel is involved in
offers the strongest indication of function. However, it is many distinct functions; the attenuated phenotype may result
unclear why an ion export determinant would be required from some activity other than protein or ion transport. Addi-
for normal infectivity unless the transported ion is present tionally, as hel appears to be the first gene in an operon, the
at high levels in L. pneumophila-containing phagosomes. Fur- mutation in AA125a may have a polar effect on a downstream
ther studies of the hel locus should elucidate the functions of gene whose activity is unrelated to that of hel. Indeed, prelim-
hel in vitro and in vivo and may be instructive in characterizing inary experimental evidence indicates that the phenotype of
the intracellular environment experienced by L. pneumophila. AA125a is not corrected by providing only the hel gene in trans,



NOTES 4079

A.
Hel
CnrC
czcc

TolC
CyaE
PrtF
OprK
NodT- 1
NodT- 2

i112111i111; I; 11 4111214 1
L4il "W.11:_il1 i I"

1
1 :1X111L1 .1.1111 .1 jai1t_

ill U IIIIIj111i4110i 1I .1 -1W IIIIl1111 11 1

111 4 l l _ -dZ:1lI llltlll LE11 1111:111111I'al..II

0
0 0(8

-T -6-
0
CY)

0
0It l

1 6
0
Ln

He1|44/2514 6/25 145/23 13 8/23142/22144/22
CnrC I 45/31138/20150/32142/24145/26

CzcC 142/25146/27147/24142/23
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FIG. 4. Similarities between the hel amino acid sequence and other bacterial proteins. Hel was aligned with homologous proteins identified by
searches of the Swiss-Prot and GenBank/EMBL databases. They are A. eutrophus CzcC (24) and CnrC (20), E. coli TolC (15, 25), B. pertussis CyaE
(13), E. chrysanthemi PrtF (17), Pseudomonas aeruginosa OprK (26), and NodT from two biovars of Rhizobium leguminosarum (33). (A) Each
amino acid sequence is represented by a horizontal line. Positions having a similar amino acid in half or more of the proteins are indicated with
a dot ( - ) above the line; if half or more of the similar amino acids were identical, the identical amino acids are represented by a vertical bar ( ).
(B) Each protein was individually aligned with other family members; numbers represent the percent similarity/percent identity.

suggesting that other genes contained on pJAI25 are required
for complementation.

Nucleotide sequence accession number. The sequence
shown in Fig. 3 has been deposited in GenBank under acces-
sion number U11704.
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