
Science 268, 1576 (1995); W. D. Cosnold, P. E. 
Todhunrer, W. Schmidt, Clobal Planet. Change 15, 33 
(1997): R. N. Harris, and D. S. Chapman, Science 275, 
1618 (1997); S. Huang, P.-Y. Shen, H. N. Pollack, 
Ceophys. Res. Lett. 24, 1947 (1997); A. H. Lachen- 
bruch and B. V. Marshall, Science 234, 689 (1986); 
H. N. Pollack and D. S. Chapman, Sci. Am. 268, 44 
(June 1993); P.-Y, Shen, H. N. Pollack, S. Huang, 
Clobal Planet. Change 14, 49 (1996); K. Wang, 1. 
Ceophys. Res. 97, 2095 (1992); K. Wang, T. J. Lewis, 
A. M. Jessop, Clobal Planet. Change 6, 129 (1992). K.  
Wang and T. J. Lewis, Science 256, 1003 (1992). 

3. C. D. Clow, Clobal Planet. Change 6, 81 (1992); H. 
Beltrami and J.-C. Mareschal, ibid. 11, 57 (1995); R. N. 
Harris and D. S. Chapman, 1. Ceophys. Res. 103, 7363 
(1998). 

4. P.-Y. Shen et a/., 1. Ceophys. Res. 100, 6383 (1995). 
5. H. N. Pollack, P.-Y. Shen, S. Huang, Pure Appl. Ceo- 

phys. 147, 537 (1996); H. Beltrami and J.-C. Mare- 
schal, Ceophys. ]. int. 129, 31 1 (1997). 

6. S. Huang, P.-Y. Shen, H. N. Pollack, Ceophys. Res, Lett. 
23, 257 (1996). 

7. D. S. Chapman, T, J. Chisholm, R. L. Harris, Palaeo- 
geogr. Palaeoclimatol. Palaeoecol. 98, 269 (1992); D. 
Baker and D. L. Ruschy, Ceophys. Res. Lett. 20, 371 
(1993). 

8. P.-Y. Shen and A. E. Beck,]. Ceophys. Res. 96, 19965 
(1991); Palaeogeogr. Palaeoclimatol. Palaeoecol. 98, 
143 (1992). 

9. A mean temperature history that was determined by 
averaging the individual borehole site results for each 
of the four continental ensembles and then forming 
an equally weighted average of the four continental 
reconstructions yields a reconstruction that is very 
similar t o  that shown in Fig. 3, indicating that the 
mean temperature history is insensitive t o  the details 
of aggregation. 

10. The meteorological t ime series is derived from the 
land-only gridded SAT anomalies assembled by P. D. 
Jones, T. J. Osborn, and K. R. Briffa [ I .  Clim. 10, 2548 
(1997)l (also available from the Climatic Research 
Unit at the University of East Anglia, Norwich, UK, as 
a data set at www.cru.uea.ac.uklcruldata1temperat. 
htm). 

Isolation of Acidophilic 
Methane-Oxidizing Bacteria 

from Northern Peat Wetlands 
Svetlana N. Dedysh, Nicolai S. Panikov, Werner Liesack, 

Regine Gropkopf, Jizhong Zhou, James M. Tiedje* 

Acidic northern wetlands are an important source of methane, one of the gases that 
contributes to global warming. Methane oxidation in the surface of these acidic 
wetlands can reduce the methane flux to the atmosphere up to 90 percent. Here 
the isolation of three methanotrophic microorganisms from three boreal forest 
sites is reported. They are moderately acidophilic organisms and have a soluble 
methane monooxygenase. In contrast to the known groups of methanotrophs, 165 
ribosomal DNA sequence analysis shows that they are affiliated with the acidophilic 
heterotrophic bacterium Beijerinckia indica subsp, indica. 

The methane (CH,) concentration in the 
atmosphere has inore than doubled over the 
last 300 years ( I )  and is currently increas- 
ing at an annual rate o f  0.8 to 1.0% per year 
( 2 ) .  About half o f  the total annual flux o f  
CH, to the atmosphere is contributed by 
wetlands (3 ) .  The massive northern wet- 
lands account for 50°/o o f  the global wet- 
land area (4 ) ,  and their most extensive type, 
found in northern Europe, West  Siberia, the 
United States, and Canada, is the acidic 
S p h n g i ~ ~ i i ~ ~  peat bogs, which have pH values 
ranging from 3.5 to 5. 

The primaiy baisier that limits the release 
o f  CH, from methanogenic peatlands is its in 

situ consumption by indigenous methane-ox- 
idizing bacteria (MOB). MOB inhabit a spec- 
ti-um o f  diverse environments and have the 
unique ability to use CH, as a sole carbon and 
energy source (5) .  The colonization o f  acidic 
bogs by MOB has been established by mea- 
surement o f  i~~ethanotropl~ic activity ( 6 ) ,  
MOB signatures in phospholipids (7), and 
DKA (8 ,  9) extracted from peat. Neverthe- 
less, virtually all MOB available in pure cul- 
ture are neutrophiles, and there are no reports 
o f  methanotrophs that grow at pH values 
below 5.0 (10). 

W e  recently reported on the enrichment o f  
methanotrophic communities from acidic 
peat bogs o f  four boreal forest sites in West 
Siberia and European North Russia (11). The 

S. N. Dedysh, Institute o f  Microbiology, Russian Acad- key to successful was the use o f a  
emy o f  Sciences, Moscow 1 1  781 1, Russia, and Center 
for Microbial Ecology, Michigan State University, East medium o f  lo'' ionic strength low 
Lansing, MI 48824-1325, USA. N. S. Panikov, Institute PH (3 to 6 ) ,  and incubation under CH,-air 
of  ~ i c ~ o b i o l o ~ ~ ,  Russian Academy o f  Sciences, Mos- mixture at moderate temperature (20°C). 
COW 117811, Russia. W. Liesack and R. Grol3kopf. These communities were moderately acido- 
Max-Planck-lnstitut f i i r  Terrestrische Mikrobiologie, 
D.35043 Marburg, Germany, 1, Zhou and J, M, Tiedje, philic growth and 'ptima at pH 
Center for Microbial Ecology, Michigan State Univer- 4.5 to 5.5, W e  have now isolated in Pure 
sity, East Lansing, MI  48824-1325, USA. culture MOB from three o f  these four enrich- 
"To w h o m  correspondence should be addressed. E- ments (12). The colonies of MOB developed 
mail: tiedjej@pilot.msu.edu after 4 to 5 \veeks o f  incubation. W e  selected 

11. J. T. Houghton eta/., Eds., Climate Change 7995: The 
Science of Climate Change (Technical Summary) 
(Cambridge Univ. Press, New York, 1996). 

12. C. Prabhkara et a/., Ceophys. Res. Lett. 25, 1927 
(1998). 

13, J. Overpeck et a/., Science 278, 1251 (1997). 
14. M. E. Mann, R. S. Bradley, M. K. Hughes, Nature 392, 

779 (1998). 
15. P. D. Jones et a/., The Holocene 8, 467 (1998). 
16. M. E. Mann et al., Science 280, 2029 (1998). 
17. This work was principally supported by NSF grant 

ATM-9320004, wi th assistance from the Czech-USA 
Cooperative Science Program and the University of 
Michigan. We thank T. Lewis, M. Mann, A. Lachen- 
bruch, R. Harris, and K. Wang for constructive com- 
ments on the manuscript and V. Cermak, C. Clauser, 
J. Cull, E. Decker, A. Frasheri, W. Cosnold, A, Jessop, 
M.Q.W. Jones, I. Kukkonen, T. Lewis, E. Lilley, J. Ma- 
jorowicz, D. Rajver, J. Safanda, J. Sass, S. Veliciu, K. 
Wang, and V. Zui for contributing data. 

17 July 1998; accepted 8 September 1998 

three strains (strains I<, M131, and S6), each 
representing one enriched community, and 
confinned their purity (13). The cells o f  these 
three strains were Gram-negative, nonmotile, 
polymorphic, straight or curved rods with a 
diameter o f  0.7 to 1.0 k m  and length o f  1.0 to 
2.0 b m .  They shared an identical morpho- 
type, that is, a specific flattened shape with a 
concave center and round, bent ends (14) 
(Fig. 1). The same moiphotype was observed 
as one o f  the dominant components o f  the 
primaiy communities (11). 

Strains S6, I<, and M131 grew on min- 
imal mineral medium with the addition o f  a 
vitamin mixture and CH, as a sole source 
o f  carbon and energy (15) .  Growth did not 
occur in control experiments on the same 
mineral medium containing vitamins and 
no CH,. The isolates were slow growing 
with a specific growth rate 5 0.8 to 1.0 
day-' ,  which is consistent with the in situ 
growth rate for MOB o f  0.02 dayp1  ( 1  6 ) .  
The temperature range for growth o f  iso- 
lates was from 10" to 25OC with the opti- 
m u m  at -20°C. The same optimum was 
found for CH, consumption by native peat 
samples (17) .  No growth o f  isolates oc- 
curred at 30°C Clearly these bacteria are 
adapted to conditions o f  their natural hab- 
itat where the temperature never exceeds 
25"C, even during summer. 

Methane consuinption peaked at pH 5.1 
for all three strains (Fig. 2). The same pattern 
o f  pH dependence was also found for the 
original peat samples and the methanotrophic 
enrichments (11, 17-19). The acidophilic na- 
ture o f  the isolated bacteria was confirmed by 
observing exponential growth without a lag 
phase and the highest specific growth rate at 
pH 4.8, whereas no growth was recorded in a 
medium at initial pH 7.4 (Fig. 2).  Further- 
more, growth o f  isolates was sustained in 
serial transfers in pH 5.0 to 5.5 medium. 

Polymerase chain reaction (PCR) assays for 
the ~71inoXand ~iz~?zoY genes, encoding the oc and 
p subunits o f  the soluble methane monooxy- 
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genase (sMMO) hydroxylase component, 
yielded products o f  the predicted size o f  524 
and 602 bp, respectively, with genomic D N A  o f  
the strains K, M13 1, and S6 (20). The nucleo- 
tide sequences o f  the PCR-amplified mmoX 
gene fragments f iom the three strains were 
identical to each other and to the sequence o f  
mmoX clones obtained previously from the 
methanotrophic communities (21). The amino 
acid sequence deduced from these mmoX gene 
fragments corresponds to positions 300 to 458 
o f  the homologous sequence o f  Methylococcus 

Fig. 1. Cell morphology of acidophilic meth- 
anotrophic isolate (strain K). (A) Polymorphic 
cell appearance, (6) cell bipolarity, and (C) for- 
mation of shapeless aggregates. 

capsulatus (Bath), Methylosinus trichosporium nus and the Methylococcus groups. 
OB3b, and Methylocystis sp. strain M (22) (Fig. The 16s ribosomal D N A  (rDNA) was se- 
3). Although the level o f  homology is high, quenced to establish the phylogenetic affilia- 
the mmoX gene fragment in bog meth- tion o f  acidophilic strains (23). The 16s 
anotrophs diverged significantly from these rRNA gene sequence was identical for al l  
gene fragments in known methanotrophs. three strains. The phylogenetic analysis re- 
The level o f  sequence divergence indicates vealed that acidophilic strains are members o f  
that the mmoX gene o f  the acidophilic iso- the CY subclass o f  Proteobacteria and are most 
lates forms a branch distinct f iom the mmoX closely related to Beijerinckia indica subsp. 
sequences o f  the Methylocystis-Methylosi- indica (Fig. 4); the sequence identity was 

159 
stK-M-S QWLIQHGHKVYVDRTSQVPFCPTLAXCSGSLRVHEFNGQKHSFSDDWQERQWL 
*#.tri - - - L A N - - D - - I - - V - - - - - I - S - - - O T - - - - - - - - - - - - K - - - L T - - - - - - - - -  
MCy.stM A--LEN--D--I--V-----I-S---Q-----------K---LT------a-- 
Mc.cap M-P-ENN-pI-I--V-------~---QAsT-----Y---M-T---Q----M-- 

Fig. 3. Alignment of partial amino acid sequences deduced from mmoX gene fragments of the 
acidophilic isolates K, M131, and 56 (stK-M-S) (GenBank accession number AF004554). Methylo- 
sinus trichosporium OB3b (Ms.tri), Methylocystis sp. strain M (Mcy.stM), and Methylococcus 
capsulatus (Bath) (Mc.cap). The sequence stretch corresponds to  positions 300 through 458 of the 
open reading frame published for the mmoXgene of M. capsulatus (Bath) (22). For this stretch, the 
strains K, M131, and 56 share identical primary structures at the nucleotide and amino acid levels. 
The identity and similarity values between the amino acid sequence shared by the three strains and 
these homologous fragments were, for M. capsulatus (Bath), 78.0 and 88.7%, respectively; for 
Methylosinus trichosporium, OB3b 76.5 and 80.5%. respectively, and for Methylocystis sp. strain M, 
78.6 and 83.6%, respectively. Abbreviations for the amino acid residues are as follows: A, Ala; C, 
Cys; D. Asp; E. Clu; F, Phe; C, Gly; H. His; I, Ile; K, Lys; L, Leu; M, Met; N, Asn; P, Pro; Q, GLn; R, Arg; 
5, Ser; T, Thr; V, Val; W, Trp; and Y, Tyr. 
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strains K, M131, and S6 
Beijerinckia indica subsp. indica 
Rhodopseudomonas acidophila 

- clone MHP17 

Fig. 2. Effect of medium pH on the growth and 
methanotrophic activity of isolated strains. 
Growth at initial pH 4.8 (a) and pH 7.4 (0). 
(Inset) The dependence of instant methanotro- 
phic activity on medium pH. 

- 

Fig. 4. 165 rDNA-based maximum-likelihood tree constructed for the three acidophilic meth- 
anotrophs and 18 reference organisms of the a subclass of Proteobacteria and three environmental 
clone sequences [clones MPHl4, MPH17 (9), and RB13 (26)] that have been retrieved from acidic 
environments. Methylococcus capsulatus (Bath) was used as the outgroup. The numbers indicate 
the statistical significance (percentage of outcome) of the respective interior nodes in 1000 
neighbor-joining tests. The scale bar represents the estimated number of base changes per 
nucleotide sequence position. 
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96.5%. The identity to the previously known 
methanotrophic genera, :Ilethylocj,stis and 
,bfeth;losii~zls, was only 90.5 and 92.6%, re- 
spectively. :Iletl~ylocj.stis spp. and l\.Ietli>.losi- 
i ~ ~ r s  spp. al~vays foinled a coherent group in 
the treeing analyses, which is related to; but 
clearly distinct from: the branch character- 
ized by the strains K: M13 1 ; S6: and B. inilica 
subsp. iiidicn. Apai-t from B. iildiccr subsp. 
ii7dicu; R / ~ o d o p ~ e ~ ~ d o i i i o i z ~ ~ ~  ircidoplzilir is the 
next   no st closely related organisin in the 
rDNA database, with a similarity value of 
93.5%. This organism also is found in acidic, 
boggy waters and soils and has a pH optiinunl 
for growth of 5.5 (24). One of the environ- 
mental sequences (clone MPH17) (Fig. 4) 
included in the phylogenetic analyses was 
retrieved from a peat core sampled at the 
Penni~le Hills in the north of England (9); it 
had an identity value of 94.5OI0 to the acido- 
philic isolates. 

Both the iizii7oX and 16s rRNA gene se- 
quence data indicate that the acidophilic 
strains represent a lineage of CH,-oxidizing 
bacteria only inoderately related to the known 
cluster of a-proteobacterial methanotrophs, 
that is, ~2fetl1,rlosii~z~s-~\.Ietli~~locystis spp. Fur- 
thermore, the acidophilic strains h~iued out to 
be closely affiliated wit11 the heterotrophic 
bacterium B, iildiccr subsp. iriiliccr, contraly to 
the generally accepted notion that neither 
1<no\v11 group of methanotrophs has any close 
relatives that are not methanotrophs (10). 
Beijei.iizclrin iiidicu is a coininon inhabitant of 
acidic soils and has a pH optimu~n at 5.0 (25). 
Our isolates and B. iililiccr have lnany similar 
features, such as cell mo~pl~o logy~  tempera- 
hlre response, pH optimum, and low growth 
rate. Nevertheless, B, iililicir is a typical rep- 
resentative of heterotrophic bacteria that uses 
a large spectru~n of sugars and other organic 
substrates, whereas our strains do not grow 
on sugars. We attempted to amplify the 
sMMO gene from B. iizdicir DNA (27); but 
found no sMMO-like products. 

The phylogenetic tree (Fig. 4) is sugges- 
tive of a coininon methanotropl~ic ancestor 
for the three acidophilic n~etl~anotropl~s and 
the Metliyloc?~stis-:llet/~losiiz~rs cluster xith a 
subsequent evolutiona~y loss of methanotro- 
phic activity in the ancestors of B. ii~ilicir and 
R. ucidoplzilii because the new strains usually 
grouped next to the ,bfet~loc~~stis-,bfetl~ylosi- 
ilits cluster when the 16s  rRNA sequences of 
B. indic(r, R. ~cidophil(r, and clone MHP17 
nere excluded from the treeing analyses. 
However, the bootstrap values in neighbor- 
joining and maximu~n parsimony tests nere 
above 80 (percentage of outcome) for the 
relevant interior node indicating the ,bfetlzj.- 
losiiziu-;Lfetliylocysfis group as a monophy- 
letic cluster (82 for the tree shown in Fig. 4): 
whereas these values were always below 35 
for the node shared by the strains K3 M13 1, 
and S6 and the l~4etl~ylosii~~rs-,bfetI~~~locy~tis 

group in the same analyses. Thus, consid- 
ering the kno~vn nletabolic traits of the - 
acidophilic methanotrophs and of the phy- 
logenetically related bacteria, the hypothe- 
sis of a co~n~nol l  ~nethanotsophic ancestor 
for the three acidophilic metl~anotrophs and 
the l\.Iethj~iosin~ts-lbfethylocj~~tis group ap- 
pears to be very unlikely: but may not be 
co~npletely discarded. Discussion about the 
evolutionary history of these t ~ v o  a-pro- 
teobacterial methanotrophic groups be- 
comes even more speculative when the 
ainino acid sequence deduced from the par- 
tial iiliizoX gene fragment of the three aci- 
dophilic methanotrophs (Fig. 3) is taken 
into account. This ii~iiloX sequence is clear- 
ly distinct from both the lbfetlzylocj.stis- 
lbfetl?~ losiiz~ts-11ke i71i7ioX sequences and 
the M cirps~rlnt~ts (Bath) i77iizoX sequence 
as indicated by the overall identity values 
between 76.5 and 79% (legend to Fig. 3) to 
each of the other two i7inioX sequence 
groups. 

hlost likely, the indigenous meth- 
anotrophs of acidic bogs are quite diverse, 
and our isolates may be the first representa- 
tives of a group of previously unculturable 
MOB. Neve~theless, the ecological fitness of 
these bacteria to the environmental condi- 
tions of Sphngiiliiil bogs suggests that they 
play a major role in the CH, cycle in the vast 
acidic northern wetlands, \vhich are the larg- 
est natural source of atmospheric CH,. 
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Alterations of the PPPZR7B 
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Cancer 
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The PPPZR7B gene, which encodes the P isoform of the A subunit of the 
serinelthreonine protein phosphatase 2A (PPZA), was identified as a putative 
human tumor suppressor gene. Sequencing of the PPPZR7B gene, located on 
human chromosome 11q22-24, revealed somatic alterations in 15% (5 out of 
33) of primary lung tumors, 6% (4 out of 70) of lung tumor-derived cell lines, 
and 15% (2 out of 13) of primary colon tumors. One deletion mutation 
generated a truncated PP2A-AP protein that was unable to  bind to the catalytic 
subunit of the PP2A holoenzyme. The PPZR7B gene product may suppress tumor 
development through its role in cell cycle regulation and cellular growth control. 

Carcinomas of the lung and colon account for quency LOH in a variety of cancers: including 
over 270,000 new cases of cancer each year lung and colon tumors. Evaluation of LOH in 
in the United States (1). Many human cancers 28 lung cancer and paired normal cell lines 
contain inutations in tunlor suppressor genes: revealed allelic loss in 71% of the cancer cell 
which often map to genomic regions that 
exhibit allelic loss; or loss of heterozygosity 
(LOH), in tumors. LOH at chromosome 
11q22-24 has been associated nith lung, co- 
lon, breast, cervical, head and neck, and ovar- 
ian cancers, as well as melanoma (2). Intro- 
duction of a noillla1 chromosome 11; or 
a derivative t(X;11) chromosome containing 

lines. Two polymorphic DNA markers; 
D l  191 647 and D l  1 S1987, shovied allelic loss 
in 42.9 and 46.2% of the cancer cell lines: 
respectively (8), and both markers were lost in 
28.6% of the cell lines. 

On the basis of these results, the region 
between DIIS1394 and DIIS689, and espe- 
cially that between D l  131 647 and D l  lS1987, 

1 lpter-q23, call reverse the tumorigenic po- was systematically surveyed for candidate tu- 
tential of lung (3), breast (4): and ceivical mor suppressor genes. Over 100 candidate 
carcinoma cells (5) and \.Vilms tumor (6) genes and expressed sequence tag (EST) mark- 
when introduced into nude mice. These stud- ers were identified from a radiation hybrid 
ies suggest that one or more tumor suppressor map of human chromosome 11 (available at 
genes are located centromeric to the t(X;11) http:.!iftp.nell.olc.ac.uk) and from the Human 
breakpoint at 1 lq23. Gene Map (available at http:i.!1vwv.ncbi.n1m. 

To identify the tumor suppressor genes on nih.goviSCIENCE96iResTools.ht1nl). One of 
clu.omosome 11 that are inactivated in lung the EST sequences (.M65254) was found to 
cancer; we mapped the t(X; 11) breakpoint rel- correspoild to a subunit of the seiineithreonine 
ative to regions of frequent LOH (7) and de- protein phosphatase 2A (PP2A). PP2A is an 
fined a minimum critical region between important regulatoiy enzyme that down-reg- 
DIIS1394 and DllS689 (Fig. 1A). This region ulates the mitogen-activated protein kinase 
of chromosome 1 lq23 demonstrated high-fre- (MAPK) cascade, relays signals for cell pro- 

liferation, and has been linked to carcinogen- 
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there are many foims of the PP2A trimer, 
differing in expression patteills and specific- 
ity. The gene identified at chromoso~ne 
1 lq23, denoted PPP2RlB according to stan- 
dardized nomenclature, encodes the P iso- 
form of the stiucturaliregulatory A subunit 
PP2A-AP. PP2A-AD is necessaly for inter- 
action of the catalytic PP2A-C and variable 
PP2A-B subunits and is critical for phospha- 
tase activity (10). 

The precise physical location of PPP2RlB 
was deteimined by colocalizing it within P1- 
derived artificial chromosome (PAC) (11) 
clones that contained sequence-tagged sites 
(STSs) on chromosome 11q22-23 (Fig. 1A). 
PAC clone pDJ433L20 contained PPP2RlB as 
well as markers SHGC9837 and D l  1S966E 
and was localized to a 15 centiray region 
between markers D l  IS1 647 and D l  IS1987 
on 1 1q22.2 (12). Thus, the PPP2RlB gene is 
located in a region sho~ving high-frequency 
LOH (Fig. 1A). 

The complete sequence of PPP2RlB was 
deteimined by a combination of EST analysis 
(13), cDNA sequencing (14), and 5' rapid 
amplification of cDNA ends (RACE) (15). 
The sequence predicts a 601-amino acid pro- 
tein nith extensive homology to the PP2A- 
AP subunits of pig and Xeilopzrs and to the 
human PP2A-Aa isofoim (Fig. 1B). Both 
PP2A-Aa and PP2A-AD are composed of 15 
internal repeat sequences, each consisting of 
two a~nphipathic helices necessary for bind- 
ing PP2A-B and PP2A-C (16). 

To deteimine whether human tuinors con- 
tain alterations in PPPZRIB, we amplified the 
coding regions by reverse transcriptase-poly- 
merase chain reaction (RT-PCR) (1 7) and car- 
ried out direct DNA sequencing of samples 
from 130 cancer-derived cell lines and 70 pri- 
maiy tumors: including lung, colon; breast, and 
cervical tumors. Two of the tumors generated 
altered PPP2RlB amplification products. 
H1450 cells had a 1.8-kb product representing 
the wild-type PPP2RlB and a second 1-kb 
product (Fig. 2A). Sequencing of the latter re- 
vealed an internal in-frame deletion of 867 base 
pairs (bp), which is predicted to produce a 
truncated PP2A-AP lackmg amino acids 230 to 
5 18 (Fig. 2B). The 1.8-kb PCR product con- 
tained an A,5,,-+G transition, which changes a 
highly conseived Asp,,, to Gly. Thus; both 
alleles of PPP2RlB are altered and possibly 
inactivated: whereas the matched lymphoblas- 
toid cell line from the same patient; BL7, con- 
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