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The commercial applications of biotransformation of methane have
" historically fallen broadly into three categories: 1) Production of single cell
30  protein, (Sharpe D. H. BioProtein Manufacture (1989). Ellis Horwood
series in applied science and industrial technology. New York: Halstead
Press) (Villadsen, John, Recent Trends Chem. React. Eng., [Proc. Int.
Chem. React. Eng. Conf.], 2nd (1987), Volume 2, 320-33. Editor(s):
Kulkarni, B. D.; Mashelkar, R. A.; Sharma, M. M. Publisher: Wiley East.,
35  New Delhi, India; Naguib, M.,Proc. OAPEC Symp. Petroprotein, [Pap.]
(1980), Meeting Date 1979, 253-77 Publisher: Organ. Arab Pet. Exporting
Countries, Kuwait, Kuwait); 2) epoxidation of alkenes for production of

chemicals (U.S. 4,348,476); and 3) biodegradation of chlorinated pollutants
1




1 WD 02/ 20728 PCT/USO1/ 26827 (Tsien et al., Gas, Ql, Coal, Environ.

Bi otechnol. 2, [Pap. Int. IGI Synp. Gas, QIl, Coal, Environ. Biotechnol.],
2nd (1996y0 08371904, Edi tor(s): Akin, Cavit; Smth, JaredrCPubbi/®BEr: |nst.
Gas Technol ., Chicago, IL.;W 9,633,821; Merkley et al., Biorem

recalcitlant Qen ef a. é.snEDII T éb&:kbrpmv&bbm&@r[eabamt T Byinp. 3r d
O T o oo b1 0. SRR M o1

M crob. Reljeﬁsetévn( 1998h, Ja26d) PuBlibhePAhst. GisyTeghmol. d@hicagopf al kenef has t
experienced |i uc oXi Ci

of IOproducts an@i— W@ %8513{/‘5@%&3%‘? @Jéfq'}'ngégg%@%ﬂpbg% r%fdggﬁterate Y
products. Lsar gersmam Site Bivraclano@yenp @xrﬁrﬂr(ﬂ)%@eﬂﬁé-ﬁé Editares): Hinehee, cel |

tei SCP, l I

Ceal 6 (Vi1 1 adsBHDEt g andefihafcl FRREPEE FERPLEE PREKCHEY Batei®) | O oe
successful duePtess; Bolurabus,iQfl: yMﬁVgheb@stMlF@bpﬁﬁﬂ%ﬁf@Srﬁ 8P8hi%al) driot ei n 15
conpared to a0bb )Cubhgrﬂdqx}’da‘i%h'df%% tiRlsesdy en@ncé@utﬂ@rdzmme)onalsl ngle cell

protein is a refativ w val ye uct an er ef or nom ¢ production
cannot tol erat éumﬁﬁtl?lt@d‘?‘@@é@@ﬁ"ﬁg}”%@%tt?x'c%P PW é’CTSe%fé‘gﬁ” ﬁég%/l eld of the

met hanot r opi Caglou@t Bf E@YmBSs %qdmefdatb gemetrzhte geuets] economic viability of

th M I 20
typical ly very high %%ep#?%%?&@&nreﬁv%OW%O@‘J%/Q%*‘Q%‘?ﬁ\ 8 S
restrict the dprc&em arsSCBhashieengeohricallit ieasé)de anch cpym@cmhzadnamrgeeed
The conver si on Iegq,l“(é g@gggﬁl@%t Plo%%%l e‘?xsleg?‘c nCe&nchﬁl@gﬁyl S a

difficult and% rocess tra Ition emcal . synthetic
routes. Tr ad| t sumaasw du@ttﬁéh\%r6|§tl\fq|y etghc@w& p@ﬂ’U@@ r@‘ryfﬂh@swefeg%s 25

(m xtures hﬁghﬁﬁgﬂ to@gfr%ﬂu@l?%r%d%gteﬁﬁﬁ@Oﬁoﬁpﬂﬁeﬁﬁ) Sindleekili s then

used to produce 0o | eCul ar recu
Typi cal |y t hesBr@e@ 'S@J%'M?'Wowt‘ﬁ%‘ée erfdﬂ%%gaﬂé Wﬁf@h’rﬁ?@ 8%% grodruct(on
f or mal dehyde, @émﬁ'@cﬁb@ﬁé’cb hebg blmweﬁu@@beﬂsl $—'oa¢msveaasmnthefylelkiesf thet hane

Chem cal moans Mo Wd%ﬁt%'ﬂpéﬁés'f e fiaido e SietenRoAGRIC YRR dFtne
chemical |y unr peateisee l\thretdbmiénmniae&prmiuwd@yrmaﬁlahﬂﬁophlﬂéﬁ@gﬁ‘ﬂﬂ Sophi ¢

et hane. actl vaRsE g o ol BRPETRIREHY BTO2ess bl ﬁ@;@ﬁfﬁﬁée ”

activation cons¢sfriet the deptese 0@@'3 n@é@mt@ﬁertamyﬁ%% R m met hanol
whi ch is nuch nore "rﬁédﬂowefé%a@pcbn%@%ﬁd@m@i@ﬁ@a@ﬁfmﬁmcmmmﬁ ouCt hin the

EEL{ er T\QD Zypesﬁogds isa dt}Pcu?t ancP 8gf>(l¥aq in %rslgvgrp?ocess tradl{renen% eH Qh' ¢

synthetic routes. Traditionally, methane is first converted to synthesis gas

25  (mixtures of hydrogen, carbon monoxide and carbon dioxide), which is then
used to produce other small molecular weight industrial precursors.
Typically these are “commodity” type chemicals such as acetate,
formaldehyde, or methanol. The basic problem is activation of the
methane molecule which is thermodynamically very difficult to achieve by

30 chemical means. “Activation” refers to the process of making the
chemically unreactive methane molecule more reactive.

Methanotrophic bacteria contain enzymes (methane
monooxygenases) which are capable of methane activation at ambient
temperatures and pressures. Methane activation consists of oxygen

35  insertion into methane to form methanol which is much more readily
metabolized to more complex molecules within the cell. Two types of
methane monooxygenase are found in methanotrophic bacteria. A
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25  isoprenoid compounds and carotenoid pigments of various carbon lengths
(Urakami et al., J. Gen. Appl. Microbiol. (1986), 32(4), 317-41). Although
these compounds have been identified in methanotrophs, they have not
been microbial platforms of choice for production as these organisms have
very poorly developed genetic systems, thereby limiting metabolic
30 engineering for chemicals.

A necessary prerequisite to metabolic engineering of methanotrophs
is a full understanding, and optimization, of the carbon metabolism for
maximum growth and/or product yield. Obligate methanotrophs are
typically thought to channel carbon from methane to useful products and

35  energy via the Entner-Douderoff Pathway which utilizes the keto-deoxy
phosphogluconate aldolase enzymé (Dijkhuizen, L., P.R. Levering, G.E.
DeVries 1992. In: Methane and Methanol Utilizers (Biotechnology
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25 Applicants have solved the stated problem by providing a
methanotrophic bacterial strain capable of efficiently using either methanol
or methane as a carbon substrate. The strain is also metabolically
versatile in that it contains multiple pathways for the incorporation of carbon
from formaldehyde into 3-C units. The discovery of a phosphofructokinase

30  and fructose 1,6 bisphosphate aldolase in this strain suggests that it can
utilize the more energetically favorable Embden-Meyerhof pathway in
addition to the Entner-Douderoff pathways. The present strain is shown to
be useful for the production of a variety of materials beyond single cell
protein to include carbohydrates, pigments, terpenoid compounds and

35  aromatic compounds. The formation of large amounts of carbohydrates
from methane or methanol can be carried out by this strain. This is
surprising and also enables this strain to be used for the production of
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polyglucose and/or extracellular polysaccharide is also useful for the production
25  of carbohydrate-based products. Additionally Methylomonas 16a is only capable
of growth on methane or methanol and is incapable of proliferating in the human
body and thus is completely harmless and non-pathogenic. These
characteristics make the strain ideally useful for the production of a wide range ¢
products including animal feeds comprising variable carbohydrate/protein ratios.
30 The strain is shown to be capable of genetic exchange and expression of
foreign genes. Additionally the present strain may be identified by the
characteristic 16sRNA sequence as set forth in SEQ ID NO:81.
Additionally the present invention provides methods for the
production of single cell protein, carbohydrates, and carotenoid pigments,
35  or higher value mixtures of protein, pigments and carbohydrates.
Additionally the strain may be used as a denitrifying agent for the
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?LeSE?elsgn st2r ai4n anBpo:ngesééc @341%@??:% ?;%G?Ql%héd QRMIWSS@’OO? rent
pathway may optionally conpri Qd @%@éﬁ@@é&%@%%@ gﬂ%éﬂ:{/?ng ?he
am no aci d sequences sel gyt edaf ispatet @ucRiSELIO2NE@OCAS dRETPisSNY ATBS27

nucleotide sequence encoding a polypeptide of at

least 437 amino acids that has at least 63% identity

20 based on the Smith-Waterman method of alignrhent
when compared to a polypeptide having the sequence
as set forth in SEQ ID NO:6; and
(d) an isolated nucleic acid molecule that is

complementary to (a), (b) or (c).

25 Optionally the present strain may comprise at least one gene
encoding a fructose bisphosphate aldolase enzyme as part of the
functional Embden-Meyerhof carbon pathway. Additionally, the present
strain may optionally contain a functional Entner-Douderoff carbon
pathway, where the Entner-Douderoff carbon pathway comprises at least

30  one gene encoding a keto-deoxy phosphogluconate aldolase.

in one embodiment the present strain may optionally contain other
carbon flux genes encoding polypeptides selected from the group
consisting of SEQ ID NO:2, 4, 6, 8, 10, 12, 14, 16, 18 and 20.

In another embodiment the present strain may possess a

35  denitrification pathway where the pathway may optionally comprise genes
encoding polypeptides having the amino acid sequences selected from the



group consisting of SEQ I D NO 40, 42, 44, 46, 48, 50, 52, 54, 56, 58 and
60. In anot her enbodi nent the present strain may contain a set of

exopol ysaxahzri7de synt hesi zi ng enzynmes where t he exopol ysRCTU&01/1868275

synt hesi zi ng enzynes may have the am no acid sequences selected from the

group consi stiggu®tofiQindoNOELRID Rb:46,642, 28, 4804830, 524 54366, 881dnd8. In a

nore specific enbodi nent the present strain may conprise genes encodi ng
i soprenoid syﬁﬁhesizing enzynmes where the enzynmes are selected fromthe
group consi sting ofin SEXHP INDERAmMeh# theifresent, stdn mMey, corttain7asels®, and 78.

I f d_enmbpdi t.the.i | '

product fon of RERGVEIERT s LDk EaE e BEx A Rarote
h |e g Qc gr owt g ][r?;yhmusizim bihzymbacnay have &Eraihmﬁ\ﬂqmsgql&n%@r;ﬁiﬁ@@ bort at e,
s : ogTeihage ngg, a

sui t abl e medi Jﬁ}@p&@fpﬁér?ﬁ%ﬂ@?ﬁ%%f&'el%m@? per r’thB' tzﬁ’e%’ex " eég’i ’oar}\'wa:rg\g'
accunul ation of si Agleemees speeitie empodinentihe Gresasn sirah MEYSPEIRTISE t he

single cell prg%n%'bréncbﬂirigsiséﬁre’{‘\‘éﬁﬂ sV RRdizinBiepelmek iirel thy @nizi@estape pr ovi de
a nmethod for the

cel ect ed fr omSHRSISHIGDICCHGHR GG N9 Gy I NP Erabs: Oor e fPe Zand
di ni trogenoconpy,igsl aad 78cont acting the present high growth methanotrophic
consi st ng of ot ndha Bt BERSRIMERTHE I EriEhehRGes AifelieR 1 e
cont ai ni ng conpodudtjon of Enge callipratsiecomtisingf or a tinme sufficient to
Soriarl y it is an obj et of S e o et o for
the production of a feed prodRaterHiRirswil ap&)?@\’ n %‘M@ﬁ?ﬁ(ﬁ%‘g and
pi gment comprising the steps fdr B8 ghducedtisistingnef rhihahegindgmetitanol, in
substrate In a suitable med tnprere PR TRCR Al SRTCER dhomtng; o2 PO
expression and accunul ati on efpressior aed qccomulaftipnanf@ingle@ptl peetain; gnd
brotei n, carbohydrat o art - pi SR, PERelinh M bFI0R LHPORATRCS Ut fon or
down-regul ati on of lhisyan sdditionak ohieglcridhe Byeptiphip PFYVIGH B ng | &t ed
from the gioup,isRaséeirhator oV ittt cohtiiRiHg SSMpaaitPdelected from the
group consisting of ammonia, nitrate, nitrite, and dinitrogen comprising,
contacting the present high growth methanotrophic bacterial strain with a
C1 carbon substrate selected from the group consisting of methane or
methanol, in the presence of the nitrogen containing compound, in a
25  suitable medium for a time sufficient to permit the biotransformation of the
nitrogen containing compound.
Similarly it is an object of the present invention to provide a method
for the production of a feed product comprising protein, carbohydrates and
pigment comprising the steps of:
30 a) contacting the high growth methanotrophic bacterial strain of
the present invention with a C1 carbon substrate in a suitable
medium for a time sufficient to permit the expression and
accumulation of the feed product; and
b) optionally recovering the feed product.
35 Optionally the relative compositions of protein, carbohydrate and
pigment are altered through the up-regulation or down-regulation of any
one of the genes encoding the proteins selected from the group consisting

7



of SEQID NO:1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33,
35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, and 69.
I n a prefveoonzeb7esrbodi ment the invention provides a net hodrof/useidsslr fyi ng a
hi gh growt h net hanotrophic bacterial strain conprising: 5 (a) growing a

sanpl e suspectoe?@\,gg? ||§<m§av @I 8073 h119h39ﬁ9V‘4‘)‘ 19”%“280?5 033#'2@ Bacgsri al

strain on a suita

|
car bon sour ce;35 BY. 3Q|e4ﬂ,|4%u4r5@4-c701’f%rﬁ1e§35 ﬁg 5€yeﬁf\/%]m9én§% f&](ﬁgﬁiﬁé iﬁseof
step (a); (c) analyagrafdried éﬁﬂb@ﬂln@ént'tﬁ’@m\ﬁehh&d prmmaéea niéthofl@f t he

DESCRI PT1 QN GHor i BRAVT RGO SEBIAAS o S o S VAR B B CAL DEPOS TS
Figure 1 sbows the (g owrdwivig dsaimplesuspastetioel contginingd hightgrewyy owt h of
A R o S S TR e R R e W T

a plot of optical dens anol” concentration ture of
Met hyl ononas 16a gromtlmenpmamacﬂfnmtbme asiagifie caraspalesit s a schematic

of the Ent ner-Doud% Fligett mﬁ%ﬁﬁ‘w’“@%ﬁﬁ Wuﬁ@éﬂﬁ@%n’clmd}@tdﬂé{éy'@)as 16a
showi ng m croarray express res | ts dgrgh &@” ﬂ}f( g i n_order

decr easi ng expressi®n apglyzingihe ¢q ‘Ej’ﬂ?%' s %téf?g(g QP haresiics Ael |
suspensi ongof Methyl o P@ﬂldb@hatede;%ri@lehtphasphmfn&tcblmakﬂaﬂwltpxygen
consunption. Figure 5 shoy %A\Aﬁ“é‘%enm on of

Met hyl onbnas 16a, in arbi 0 urrptlon bef ore
25 and after sodi uBERUENG EBRSIFBgure 6 is a

plot of the concent lgﬁﬂeoﬂs%w%hé’lBFvaﬁ%fﬂ)hﬁl‘hyl%%o?%rs 1déoé{fmbf§redtt5‘?he

concentration of 0 a ce g(s'??g b l\/gé’ él ononas 1l6a
under aer obi ¢ 8wt of Med1yiasrecs\vaRsHIBHISIHIFSH g'ifﬂ"‘ft G9REEP8%00d from
the foll owsng 30 de—‘niuﬂee@hﬁ@@mmbpmm@edsmhes anethapehyomeert@tjor fiorea

descri pti one. dniioteat BkBudoPRtbe doe oafe BRafRbOEIeneo I ) wi'th The rul es.

gover ni ng nucl eot i déganed? oeprasents a sahathafisefdhe EndnecPogdered and pat ent
appl i cations aém §n- fl\ﬁ’%}}é?hbf‘p%et : gsgﬁ fe ﬁy c?fgéﬁés 46§%ﬁowﬂb§rr§§i‘85ﬁ8 e

Descri ptions COﬂ aln one nuc otid uence

charact ers an®XPHesSSion E%Sqﬁétrt%er&?d!ééa'?ltﬁd '”é?ﬂjﬁ'boa qjgaggg PIEYEPN n
conform t yow tigydihe | UPAC-1 YUB standards 8 WD 02/20728 PCT/ US01/ 26827

Figure 4 shows oxygen uptake by a cell suspension of
Methylomonas 16a, in arbitrary units to detect oxygen consumption.
Figure 5 shows oxygen uptake by a cell suspension of

Methylomonas 16a, in arbitrary units to detect oxygen consumption before
25  and after sodium nitrite was injected into the incubation.

Figure 6 is a plot of the concentration of O, and NoO evolved per
hour vs. the concentration of O, in the medium of a cell suspension of
Methylomonas 16a under aerobic conditions.

The invention can be more fully understood from the following

30 detailed description and the accompanying sequence descriptions which
form a part of this application.

The following sequence descriptions and sequences listings
attached hereto comply with the rules governing nucleotide and/or amino
acid sequence disclosures in patent applications as set forth in

35 37 C.F.R. §1.821-1.825. The Sequence Descriptions contain the one letter
code for nucleotide sequence characters and the three letter codes for
amino acids as defined in conformity with the [UPAC-1YUB standards

8



described in Nucleic Acids Research 13:3021-3030 (1985) and in the

Bi ochem cal Journal 219 (No. 2):345-373 (1984) which are herein

i ncor por aved2/tnr2¢ ef erence. The synbols and fornmat used fopPCnuséewsizde and
am no acid sequence data conply with the rules set forth in 5 37 CF. R

carton Pros’ RS AeRT Nt S AddS RBUEYEN 5. S9RU [ fhes) BeTRRRa! ucomut ase:

car bon Fl ux ner.ase; Car

Phosphof r uct oﬁlwégmlqb@/r-@plﬁw;%&(é’% 2534%378{A884) Whighissa hergin
6- Phosphogl ucppgfrated! b)ﬂﬁéﬁl@n@éa%e@m BhaXorghatased f6r phciepiidg e 1 9 10

dehydr ogenase: Carbqn Fl ux Transal e. . Carbgn Fl ux . Transal dol ase:
Car bon FI ux 1%%ﬁm"ﬁ?@é’ U&ngﬁﬁﬁgﬁ)ﬁ%’pglyl‘@'tqg]e %'%ﬁ%ﬁgéé(ﬂr bon Fl ux
Fructose by sphpsnAaR 518248 al dosl ase: Carbon Fl ux KHG KDPG Ai dol ase
:Carbon Flux 19 20 wug : Exo of saccharaide 21 22 unD Exo of saccharaide

23 24 wza: Exop0| ysacch&r aide-25 26 o 5B Exo—@ o 272 28 e sM
Exo of saccharai de 30 20 “DigssBPteRy of sag Ea?Fr H& fE%g%V Exopol
saccharai de 33 34__gunH._of saccharaide 35 MHC ed?\?F t r ansf er ase:
Exoof sacchar ai de Fhosphoolapease] Gaon kX230 140 nilr - _Dbnitrfficati on 41 42
nirL: Denitrificat @’B@PSQ§ PHQSPhﬁFr G Deni tri fli cati dn 45 46 a
nirH Denitrificat! ni-trifilcation-49-50
Phosphofructokmase pyrop osphate 5 6
dependent: Carbon Flux
6-Phosphogluconate 7 8
dehydratase:Carbon flux
Glucose 6 phosphate 1 9 10
dehydrogenase:Carbon Flux
Transaldolase: Carbon Flux 11 12
Transaldolase: Carbon Flux 13 14
Fructose bisphosphate 15 16
aldosiase:Carbon Flux
Fructose bisphosphate 17 18
aldoslase:Carbon Flux
KHG/KDPG Aldolase :Carbon Flux 19 20
ugp: Exopolysaccharaide 21 22
gumbD:Exopolysaccharaide 23 24
wza:Exopolysaccharaide 25 26
epsB:Exopolysaccharaide 27 28
epsM.Exopolysaccharaide 30 20
waak Exopolysaccharaide 31 32
epsV:Exopolysaccharaide ' 33 34
gumH:Exopolysaccharaide 35 36
glycosyl 37 38
transferase: Exopolysaccharaide
nirF: Denitrification 39 40
nirD: Denitrification 41 42
nirl.:Denitrification 43 44
nirG:Denitrification 45 46
nirH:Denitrification 47 48
nirJ:Denitrification 49 50
nasA:Denitrification | 51 52
norC:Denitrification 53 54
nhorB:Denitrification X 55 56
norZ:Denitrification 57 58
norS:Denitrification 59 60
dxs:Terpenoid synthesis 61 62



nasA: Denitrification 51 52 norC Denitrification 53 54 norB:
Denitrification 55 56 norZ:Denitrification 57 58 norS:Denitrification 59
60 dxs: Taigpenerd synthesis 61 62 9 WO 02/ 20728 PCT/ USO1/pea®@sh1/2684h -

Ter penoi d synthesis 63 64 10 WO 02/ 20728 PCT/ US01/ 26827 Descrlptlon SEQ I D
SEQ I D Nucl ei ¢ acpd—PRepti-de—-spr—Terpeneje—synthest§6566—T3pD:

Ter penoi d synt hes| gxrBTerpdhoidmyntiesisTer penoi df synt hesi s 69 704 | spA: Terpenoi d
synthesis 71 72 SpE. Terpenoi d synthesis 73 74 crtN. Terpenoid synthesis
75 76 crtN9: Terpenoid synthesis 77 78 Particul ate nonooxygenase 79 80
16sRNA for Methylonpbnas 16a 81 Applicants nmade the foll ow ng bi ol ogi cal
deposits under the terns of the Budapest Treaty on the International
Recognition of the Deposit of 5 Mcro-organisns for the Purposes of Patent
Procedure: International Depositor Identification Depository Reference
Desi gnati on Date of Deposit Methyl onmonas 16a ATCC PTA 2402 August 21 2000
DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention describes the

i sol ation and characterization of 10 a high growth mnethanotrophic
bacterial strain useful for the production of biomass including proteins,
car bohydrates and pignents. The present strain is typed by 16sRNA as a

Met hyl onobnas sp. and is referred to herein as Methyl ononas 16a. In
addition, the strain may be useful for the production of m xtures of
proteins, carbohydrates and pignents for the 15 purpose of generating
animal feeds. The strain possesses the advantage of an active

Enbden- Meyer hof carbon fl ux pathway having a pyrophosphate dependent
phosphof ruct oki nase gene, which conveys

10



certain energetic advantages to the strain as a production platformfor
various materials and biomass. Additionally the strain naturally possesses
20 an actwee22weprenoi d pat hway for the generation of pigr€MISO/2B8i7gENOUS
to the strain. In this disclosure, a nunber of ternms and abbreviations are
used. The follow ng definitions are provided. 11 WO 02/ 20728 PCT/ US01/ 26827
The term " Enbden- Meyer Tof JEach n TEfers fo gEQ Al S SEQADocheni cal
reactions for conyersion of hexoses such dsNQl'(:%i@%%ié“d pdptitd ose to

i nportant cell ul aF—3—earber—tnterrediatessuch—as
gl ycer al dehyde- 3- pisos fhaergid glinthesls oxyacet one ph@sphat €. pK8sphophenol 5
pyruvat e and pyruv%éﬁ"TeB%ﬁ&&*an%&Ei ons typj cal | §7 proceed wgth net yield of
bi ochem cal | y usefol—erergy—+ra—thre—formofiATP—Thekey enzynmes| uni que to
t he Enbden- Meyer hppyr@atangeayidgynhesisosphof r ulct oki $fase ahd fr’dctoske- 1,6

bi sphosphate al do i SifResiENt ner - Douder off pat hway'7oref efs to a
series of 10 bioc stonmof—fhexoses—such as

gl ucose or fruct pseEtTerenpidsyntiesis3 car bon| cel | (3 ar i nt er fédi at ps such as

pyruvate and gl yc&g@lrrgf'pgmggyﬁfhgggsphate V\Fthoutg, any net pmwoduction of
bi ochem cal |y usptor—energy—The key enzyfres urni que {0 t1e

Ent ner - Douder of f  patViAgrPengicsypess phosphbgl uchhat e flehydBat ask and the 15

ket odeoxyphosphog| pgaaMiemBhdRsRe The tefm "dyagnostic” gus itirelates to
t he presence of ajgene ima _patnway. Tmeans wnerg a geme having {hat
activity is ident ?FLS@BJA fprMetlylomanegitce of Lt he J esence—of—that! pat hway.
Wthin the context of the present invention the presence of a gene

di h hat od i: 1 S €l tic"
For the or coence. or tisan math ReBlbwBL G Rk SEBstRA R ne BARIOE. O
gene encodi ng the Budapdsbkigphoep tsyinteroatioral Rersicadion @%hﬂi%ﬁ?égtqfc" for the
presence of W@rﬁﬂ@é@%h?f@rfﬁw Pathredocelpe;term "Yiel d* is

defined herein as t anount o e mass 25 produced per gram of carbon
substrat e netabott+zed—Theterm“ctarbon c%rtrv i efficiency” IS a neasure

U

ErSi 0

of how much carlsaé)n is'ﬁ?giié r{jf,l gttiqeﬁd into c ?g(‘) %{@;and is calcul ated
assum ng a bi onag2ePey g CH 2 0% V. 25 The~ter m - hi rowt h
met hanot r ophi_c_hact er iRGTC@NCEI n" ref ors' + PESONEHOR 0y o Becéc?p%%b%squg
growt h with neybammonaeitanol as a solATCEMRIFN2402d enbugyst2duZ@R0 and

whi ch possesses a functional Enbden-Meyerhof carbon flux pathway resulting
in ayield of cell nmass per gramof Cl

DETAILED DESCRIPTION OF THE INVENTION
The present invention describes the isolation and characterization of
10  a high growth methanotrophic bacterial strain useful for the production of
biomass including proteins, carbohydrates and pigments. The present
strain is typed by 16sRNA as a Methylomonas sp. and is referred to herein
as Methylomonas 16a. In addition, the strain may be useful for the
production of mixtures of proteins, carbohydrates and pigments for the
15 purpose of generating animal feeds. The strain possesses the advantage
of an active Embden-Meyerhof carbon flux pathway having a
pyrophosphate dependent phosphofructokinase gene, which conveys
certain energetic advantages to the strain as a production platform for
various materials and biomass. Additionally the strain naturally possesses
20 an active isoprenoid pathway for the generation of pigments indigenous to
the strain. In this disclosure, a number of terms and abbreviations are
used. The following definitions are provided.

11



substrate netabolized. The specific "high growth nethanotrophic bacterial
strain" described herein is referred to as "Mthyl ononas 16a" or "16a", 35
whi ch t erw@ oze28ised i nt erchangeably. The term "a Cl car bpaT/&8tisieszt e
refers to any carbon-containing nolecule that |acks a carbon-carbon bond.
Exanpl es are nethane, 12 WO 02/20728 PCT/ USOl/,262627 t hanol

f or mal dehyde, f or niae & EmbdenMavesheimatbway 9 fﬁé?%ﬁa?'é%?bﬁ hiols. The

term " functi ogalndfiidi Hfééfﬂ'oﬂg FSNEHVRtiSN PRhEXESS sueherssglticose asér i es of
enzynmes whi ch_sequenti al | '

) d itrate. i 5 d d
product s suchfrHgtogede i'@%&?'%g’,e“ﬁ\%{ %&?éggﬁfﬁérngééléqe%%#éﬁ é yrgi ni { ?o;gﬁ.
Thic s pr ;)CGS?] gRzeridéemde®phbsptete; diftygioayacetgne Phesplaten plesihapheneht i on”
refers to the _process er , : ; PRRP
di ni trogerm or pg‘i"'l‘(@f:e 63@&3{}@%%1?%%%n@gﬁlgégglp‘\%lyp 5%%%0?\thtggceigni 1 rigf‘;i cation

the present sbicehemicatyrusefd egerasinghedeirmgt ATRo et eREYEeS YIS n t he

denitrificati h%aﬁé iM&letHbNsathiva dié hhespestrudickindse and fructoseS  ni r H,
nirJ, nirL angﬂnl_r \Bgﬁgo | {1(%’ tfkﬁl%b ni tr9i tepr eductase which catal yzes the
reduction of AiG PisPROFAES 4P13]& ri ¢ oxi de, the nasA gene, encoding

nitrate reductase wWhigbrmaEaingr-Boudbeoff pathamydrefefs toia seiies of NOB) to
nitrite ( ) .. and t.he nor,. 1 ' a 15 nitric
oxi de red tap@c@‘wm‘ﬁﬁas$§r@§3§??é@%r@88£bﬁihgﬁB%?#"%@?%Q’éﬁﬁﬁﬂggNo; 10
nitrous oxi defrudREp. toTimpottanind chehopreallgial itsrPediales SUINASPYHVEIR 2%Gmound
whi ch 1 gegg\g@%réa' Enjdies R0l teb/giﬁidlﬂia_rr‘lg ret phodutipRiof efushemicalyhosphat o
an or ne e ed (0] al condensall O S I e | ma e
of 20 5, 10, useipgnergy. otheleyahHERES PH'%R&?‘F‘.‘? Eﬁ%r-ﬁt@qqﬁéﬁﬁ%ﬁ%@{ d g

pi gnent”  ref gfs tHe06 phobpiisgloforenepenpdstade and thepi cal |y have strong i ght

absor bi ng, _pr r{ies an r |V mthe head to tail condensation of
5, 10, 15,15 28&6 ,oxgﬁﬁ%gphzgﬁggﬁé%n&ﬁg%rgéne chai ns. These isoprene chains
are ulti mately der Thedefmddiagsoptiaiasiyrelaies ip thaspreseace & A9 IN&E genes

25 and gene pr%%%?n%faﬁs%méiaaé&cb MbiAg et etiemeitidehtifsd) itascodi ng t he
e

1 Geoxyxyl ul osudsnsRed SapEeike gt Rl i PR g the
1- deoxyxyl ul oggeSeriivsniiondhe presdnobsimgerseendduing apypphpspbatmcodi ng  the
encodi ng 2he SAPBHBSEHEERT LYo RSEIE K SREHET foraie preciice FTRE. 50 .
gene encodi ng EmBdmiMeyerhaf-carjompathuiayand theqreaemirlidrneeasitingde, t he
"pyrG' gene, qaEMiRGRSHRRICHNARS Sidoldd@ is §iBghoSRN ¢or tABGREESLE of
the Entner-Douderoff carbon pathway.
The term “Yield” is defined herein as the amount of cell mass
25  produced per gram of carbon substrate metabolized.
The term “carbon conversion efficiency” is a measure of how much
carbon is assimilated into cell mass and is calculated assuming a biomass
composition of CH » O g5 N g.25.
The term “high growth methanotrophic bacterial strain” refers to a
30 bacterium capable of growth with methane or methanol as a sole carbon
and energy source and which possesses a functional Embden-Meyerhof
carbon flux pathway resulting in a yield of cell mass per gram of C1
substrate metabolized. The specific “high growth methanotrophic bacterial
strain” described herein is referred to as “Methylomonas 16a” or “16a”,
35  which terms are used interchangeably.
The term “a C1 carbon substrate” refers to any carbon-containing
molecule that lacks a carbon-carbon bond. Examples are methane,

12



geranyl transferase or farneseyl diphosphate synthase and the "ctrN' and
"ctrN 1" genes, encodi ng di apophytoene dehydrogenase. 35 The term "single
cel | protwdni20md| be abbreviated "SCP" and refers to a peDwsSIwResEr i ved
fromorgani snms that exist in the unicellular, or single cell, 13 W

02/ 20728 PCT/ Usg%{nicﬁgfi%ﬁrapgc‘e%&g?,l R 4616 HERRIdtEd SRihed AindiRctiBidtad yeasts,

fungi or eukaan organi sns as algae. The term
"extracel | ul athiplel ysacchari de" or "exocellular polysaccharide" will be

?rgPLg\r/\ioﬂ ggh"' ESE;C?Qrg'f%ﬁ{] @%ﬁgt‘é@a@d%ﬁ%ﬁ_ Sin ;31 qgrpgatgwaﬂuﬁ@'sgw akb "

ic h i | i ohydr. one
pol ymer as cr §8de$ PhRRn %saW y%%‘?é” Ib}‘l FE NUIE D g% e gecare‘
excreted o tP@dLmeﬁsﬁrd?g;fs sUbR a&immmtﬂ%e,&f%busamddwyuﬂi[jmﬂtzydﬁnitﬁogeadhesi on
to surfaces or,as a response ny| ress. The present strain
conprises a n Hﬁe‘?m&?s%&?@soréﬁg%ﬁf’ﬁ é\%ﬁ%ﬁég ps in the 10 synthesis of
extracel | ul ar pol yThedhan 'deniirification mgfarado theyprocges ef eer@iting NGRS gl ucose
pyrophosphoryl ; g ' fma@fo Gaftb ides. T
gl ycosyl trans g?ggtgtgﬁsgﬁg_!é%gﬁﬂgbr? "e Stg?ﬁ@ﬁﬁeec;ﬁ.{% eﬁc%ﬂ? gxn e§.o| fsacchari de
export protei f@qllltﬁme@ﬁglwt'%ﬁ@,pr@ﬁ@@‘gﬁt@n °"'}9(5‘F?§§@8ﬁ3|6888 HOF&ynt hesi s
[el at ed Piol einnmb%ﬁ'%fbpzymefm\/theg@érmriﬁeamditaamvva%ﬁndudimgarthe marggresase. The
erm "car bohydrate". refers .to any sugar, ¢ -
particul arly 2‘?@56@{5’%’5’%75’3’”2Jﬂwyggﬂéwdg&gneﬁggag‘%éﬁgﬂﬁ@%I'%(I{C;[%Sceel | ul ar
pol ysacchar i deshictTbatatyzemthié exduetivataf orrijer GiQmitto nitse exide, thenaetict s deri ved
fromthe 20 {erEeohaldifgnfiate RARESORK Nl ST ubion BEfiraRSL rophi c

ane or et hanol .

bacteri um frdm e t t | at th

monooxygenase'(N@l3) fo piritadbiQeli @nckthe A Qeegﬂﬁe?{f)wo 37rC<£'P|CCrlJf f?%?égﬁ?%cﬂﬁge a

nenbr ane- 3§s 0GRt flidEiddatRse WHIoR xRty RS ehahedictionssfritsicaxjdee(NOpta o t he

enzyme substrate. 25 The, terns "sol ubl e nmet hane nonooxygenase" will be
SOk 1)

abbr evi at ed ad'tre refer a to soluble or cytoplasnic nethane
nonooxygenase - | oddld tead “isoptétmid gompousd] refersie @myrronraundawhichds| at ed

Bocht o anabPOEE e b EBFrt [P riby bspretorient o
nucl eot i de bademneqhy ithehedd i iRilqandensaliqriot FaRFBRUNTE WIHED Mande Pl a
pol ymer ohoDNA; W@&%\?ZQ,QE@@&&@@&\MW@H& lerigth.nThe terg fisoprenoid pigentgenoni ¢
EQ'Q ] g ; Szgn;hgtglgfeﬁs fo.a clada cormego%rnsdst\ﬁhigh LAl haRe! drdrAfi Bbsbititg
properties and are derived from the head to tail condensation of 5, 10, 15,
20, 25, 30 or 40 carbon isoprene chains. These isoprene chains are
ultimately derived from isopentenyl pyrophosphate. A number of genes
25  and gene products are associated with the present strain encoding the
isoprenoid biosynthetic pathway including the dxs gene, encoding
1-deoxyxylulose-5-phosphate synthase, the dxr gene, encoding
1-deoxyxylulose-5-phosphate reductoisomerase, the “ispD,” gene encoding
the 2C-methyl-D-erythritol cytidyltransferase enzyme, the "ispE” gene
30  encoding the 4-diphosphocytidyl-2-C-methylerythritol kinase, the “ispF”
gene encoding a 2C-methyl-d-erythritol 2,4-cyclodiphosphate synthase, the
“pyrG” gene, encoding a CTP synthase, the “ispA” gene, encoding
geranyltransferase or farneseyl diphosphate synthase and the “ctrN” and
“ctrN 1" genes, encoding diapophytoene dehydrogenase.
35 The term “single cell protein” will be abbreviated “SCP” and refers to

a protein derived from organisms that exist in the unicellular, or single cell,
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protein, including regulatory sequences preceding (5 non-coding 35
sequences) and followi ng (3" non-codi ng sequences) the coding sequence.
"Native gawayyeigers to a gene as found in nature with ite@wsorednl atory
sequences. "Chineric gene" refers to any gene that is not a 14 WO 02/20728

PCT/ USOL/ 26827 nati ve, si ng, regul at.or nces
that are not St¥gndh t%'@gkuﬁ@% Uinl'Pr;ﬂH gte,&@c)ﬁ?ﬁtﬁgfpgspg %ﬁ%&qigggﬁe may
conpri se reg@bnbﬁgammqueohes aﬁg;mbcodl ng sequences that are derived from

different sources, gglr i ﬁﬁ é)?} %g@%ﬁ%ﬁ&%&h@m" dé)(&eﬁg@,yences derived 5

fromthe sarre sour manner er ent tha hat found

in nature. "Epdiygancharideing!l besbbreviateda ESA iapd r@@?é to A RAl¥sarenaANde
| ti e
ocation i ?y BRoAGRRITy fetifhdtidphi Bterta t;fpﬁkfeﬁl%%mmm 5@heiich gene

not nor mal ost ani sm is intro into the
host or gani sPaskhga eppwﬁ??gfa&rcrog%ﬂlak'aa C&ﬁ?@é’ Eaatﬁ POYRFYS |sg"h1ea5t| ve genes 10

i nserted lnt0p@ly?ﬁé\’s@éle\ker@é@@ﬁltﬂmoum’dabftt&rmmrcgtﬁabrsell and trayfogeti®? is a
gene et s RSRotiOh S SRR B G hEsSGIAITE iBrieRRa'sprTe! 19

procedure. nown I'n
rel ati onshi p presem straimeomprises a rpmtw@;ﬁgea@s sBgeding é@rlews ﬁl;ﬁdeF\ there 15

pol ynucl eqpi dg SYPELRGRS RS I 1Q8t ﬁé%a@&é@weqrc?an@hgnaet‘ngpW@mﬁmgI n the
art, "identity SO neans t L 3 ce rela 33 %8%

pol ypept i de oMBBT%WﬁRﬁeeQWPB@O %’ﬁﬁ%gt e gUiife 30gs ¥4 %g’ &2 ﬁ@erm ned
by thf mat ch lgeycw%«ymrmsferag@s dlhe Swedh” am:lq‘tm&ﬂégenéﬂ; Cegrooding ?ng )
'simlarit can ncl udi n ut 20
not Iim te)(; tcp ggﬁ%ié’éc“ rdégﬁ%b$eﬁ%g$w}qugeh/%l ecul Ira Bi ol o v Lesk,
A. M, ed.) Ogdyshcchards bmynhhueé@srelatﬁd prajgis) angitir gRAH i9Re, Pﬁ%ﬁ’ tics

and Genorri 5Praj a}t(aﬂglférgseD W, ed.) Academ c Press, NY (1993);
Conput er Anal yS|s Qf Se

G, eds.) Humana Pridste C?%@B@Watgg%%ﬁlé‘@ Maﬁ%@f@ﬁ%'%‘ggﬁ%&gﬁé e

Bi ol ogy (von Fﬂ%rﬂd:Lﬁarl)Gstor@tjhformsadacm as Blyesgen b98Hrch and esdpeetider Anal ysi s
Primer (Gibsko Devereux, J., eds.) Stockton Press, NY (1991).

n
Preferred rret %33(08“8'&‘?%% ne |dent| ty are designed to give the best
mat ch between the SEwtemmefermmntaiion podustisetess tpaduiciederiast frem thend

simlarityaar efeﬁﬂ?htfa'nSﬂ of Bnplek Bﬁgﬂrﬁé%r‘rﬁéﬂ By ETRIHNAFRBi@PEcteAlm

Sequence a | nments an ercent ntity cal cul ati ons may be perfornmed
usi ng the I\/Egd?@@rﬁ“?ih@@?&lhnﬁﬁ apRe. LASERC;ENE bi oi nformatics conputing suite

(DNASTAR I nc., Madig@terty" ))artMuﬂlétenh@thahegmrmWygénaéeé’ veibk dpecatweviatess
performed usi nzgs 4 mg,,us ALl TERN2Y aFhe bt AHUTEN o didtbg FhdthapBd Sharp

monooxygenase which inserts oxygen in to the enzyme substrate.
25 The terms “soluble methane-monooxygenase” will be abbreviated as
“sMMO” and will refer a to soluble or cytoplasmic methane

monooxygenase - localized in the cytoplasm.
As used herein, an “isolated nucleic acid fragment” is a polymer of
RNA or DNA that is single- or double-stranded, optionally’containing
30  synthetic, non-natural or altered nucleotide bases. An isolated nucleic
acid fragment in the form of a polymer of DNA may be comprised of one or
more segments of cDNA, genomic DNA or synthetic DNA.
“Gene” refers to a nucleic acid fragment that expresses a specific
protein, including regulatory sequences preceding (5' non-coding
35 sequences) and following (3' non-coding sequences) the coding
sequence. “Native gene” refers to a gene as found in nature with its own
regulatory sequences. “Chimeric gene” refers to any gene that is not a
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(1989) CABIOS. 5:151-153) with the default paraneters (GAP 35 PENALTY=10,
GAP LENGTH PENALTY=10). Default paranmeters for pairw se alignnments using
t he C ustved omei7bod were KTUPLE 1, GAP PENALTY=3, W NDONBCHEUE0IDI6ABONALS
SAVED=5. 15 WO 02/20728 PCT/ US01/ 26827 Suitable nucleic acid fragnments

(i sol ated pol ,yét%lggﬁé,@gﬁq(ggfsi@@gm&@@rﬁnd dodnd sequeraasdiiat prel yatept i des
0

that are at |east about 7 I deptical, prefer t 80%

i dentical to OHBAAPGSIHCHI RAUES Q?ngg‘gp)gﬁowrg%%éﬁglérﬁggréé gprggd nuel ei ¢
aci d fragnentggentogesdyuanices aadicbdiepsesneases et 2@ dekved fros% i dent i cal

to the am no i c ' i yc acid
fragnents. er@BRCL YR BhrdERARRESadEELS anfeoRin & que s wegL ot

i denti cal %o from thersame seurge s rRged s goneaaehdfferant thag %f%‘fréired are

nuct el ¢ _acl 0 il 1AGHR NEdoBBhod GeRe" RIBE0o adidlivemerines idtatalare at | east

f
about 95% 10 |d{er_1tical to e apino _aci.d seguences, report.e r el .
Sui t abl e nucl lecation i Wef%?gaﬂﬁg%ﬂ?r?' %3@3{'% ga%%fgtfﬂgr@%o%%s but
typi cal |y encagien@rmai9!fymedin e Huatiorgarasm| leatthabis intmbdiecatinttsthepraster abl y
at | east 100 am _no Ci r t.Jd-€ A | ds, still
nore pref erab?&gagfsm I%gacr’s%?‘ezt%{ ?E‘?n@n%érgrcﬁ gie,\he%ncdé nrr%ﬁ] p%%?é@a%ﬁ?ﬁ%. | east 250
am no acitls. SeAedinipel romoptivererganisn, PrChiMEREdgNean e ransognet fer

nucl eic acid ggﬁé s EeRhn@SdacSDiVb tHaegiorte BYA trasiBiMatiothen a si ngl e
stranded fornmof the nucleic acid nolecul e can anneal to the other nucleic

aci d nol ecul ePRFEEHS he appropriate conditions of tenperature and solution
i oni ¢ strength. HyPhé térpatperoerinidemtiyhiasdnoamdnttheast, i 2 reletionshdp known and

exenplified i r i 6 Il T. Mol ecul ar
Cloning: A La%%rmrnrbgr? Eé@@%ﬁ@%%?@&ﬁgegmag’;ﬁim Har bor
Labor at or §5 Pr pslynuciebtidsgequeNaes: B6 deteroangd bb_&Pmp@tﬁ'PSr"h SegHaM®r 11 and
Conditi ons of T R R O e e st L ngency”
of the hybri _dP_EBN‘#%PO'ﬁ"?ﬁ’tf#&‘e‘?ﬁc@/&}é‘a‘hﬁ??ﬂ%ﬁe%ﬁ‘0873' asaﬁ]eu%‘iseeg%%?’t%? en for
rmfle[ Zél el)?/gz In ia‘tsateamirfdcﬁwrﬂm_ mat@ubftmnmﬁmgsagknmh wqmgt ees “deotitydi st ant |y
rel a . t.0 i ar g .

duplicate fun(a,fligg%'gf”%g?}}z%%?é#%%‘lgléggg@éggyg{]g\gﬁq@rggﬁis’sﬁn@mlﬁdq%t
Post - hybr 2@li zapt bmitedtntiosealascibad inst CompaiationabNalecUlz gSket of

505 at T oom { B P . 836 05 a
45C for 30 ni aﬁ%mm&ﬁ@&gé%‘ﬂw-gﬁ-’ﬁffﬁﬁ%@“@é&?s@%g?g%@' at 50C for
30 nmin, A norgopigiter AadlysistofBemtenicedata, Part | (Griffin, A. M., and Griffin, H.
G., eds.) Humana Press, NJ (1994); Sequence Analysis in Molecular
25 Biology (von Heinje, G., ed.) Academic Press (1987); and Sequence
Analysis Primer (Gribskov, M. and Devereux, J., eds.) Stockton Press, NY
(1991). Preferred methods to determine identity are designed to give the
best match between the sequences tested. Methods to determine identity
~and similarity are codified in publicly available computer programs.
30  Sequence alignments and percent identity calculations may be performed
using the Megalign program of the LASERGENE bioinformatics computing
suite (DNASTAR Inc., Madison, WI). Muitiple alignment of the sequences
was performed using the Clustal method of alignment (Higgins and Sharp
(1989) CABIOS. 5:151-153) with the default parameters (GAP
35 PENALTY=10, GAP LENGTH PENALTY=10). Default parameters for
pairwise alignments using the Clustal method were KTUPLE 1, GAP
PENALTY=3, WINDOW=5 and DIAGONALS SAVED=5.

Ay
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condi tions uses higher tenperatures in which the washes are identical to 35
t hose above except for the tenperature of the final two 30 min washes in

0. 2X SSCwW015%73DS was i ncreased to 60C. Anot her preferreBCr®s01cf6827hi ghl y
stringent conditions uses two final washes in 0.1X SSC, 0.1% SDS 16 WD

02/ 20728 PCT/ USOl/@@ié%)g ngggﬁﬁ&ndm %léiedgicﬂilmﬁdl@&m%%tof%e stringent

conditions include O C.an wth 2X SSC, 0.1 %
SDS fol | owed Rfgsemnt inyenjign) encededg Pt'%%%?%?%ﬁsfﬁwt ﬂ)s/zt hat the two0
n;Jcl ei ¢ aci d?ldtéﬁlrﬁaﬂ,l me%r@bwpéﬁggﬁtawowt geYLidentisal tathehamiio deigendi ng gln t he
stringency o e ossi bl e.
The appropri a ?e@uegf;?%(%aé?{t‘%}?b%%}hyae%%ﬁé&%élnuc%aﬁ?% § g%(gcrll%)s on the

| engt h of % heamimochcid seguéenicesaihat afﬁsahm@r%g/ !ﬁe@@ﬂﬁf’éh@mﬂp@ﬁ'd vari abl es
wel | known | %ﬁfégwe ISy AERM. emowEr&sﬂé@ﬂuer‘emsaaulf@rgnwm@r homol ogy

bet ween two eot I de sequences m_f or

hybri ds - of nu%ﬂ’QQ arHEi"o%“ﬂ&?ﬁH%”‘t‘%@" %’@q@fﬁﬂ%@@boﬁﬁgﬁ%ﬂd&ﬂ%@ Qi | i ty
(correspondi ngmir aditl geguerddds l@‘poﬁed|P@r@|na¢n®bﬂwéﬂermdza'8|mn:kaldemdeases in

thefollowln order. Y geat er
t han 100 nucl 'T‘SBLS tFﬁR{\IA%%%#Aén % or car ﬁ%lgéé%&{gggéebeen
derived U5 (idestiGibimamino atid segupn@es g;p@@teg tergin. ’yyitaijepueleiat i ons
with shorter &H‘Frla%'rrﬁarﬁé: h??on?ry Have tRE 'aﬂ@@é'ﬁbﬁm{d>416§ buﬁﬂ@nd@ﬂl iehtede af

m snat ches becorres onucl eoti de
det er mi nes i t@OIVI@%@&@f h%‘f“f'@ a @étégﬁﬁ?'%ﬁcw gie eraé’?}’p?tajeaitl M . In one
enbodi ment t hgeidd angidpieeradhyhatieast wbarainuuadids, Cstlﬂcnctelmemrablgat about 10

l eotid bl | d
nuel et des-  B2sA6 St el AR T bEgH sS40 T s 50 ©
nucl eot i dEs; and Amsiclgic atidrmbleguletie “hyhiigizable tatanoélafsrtmmbenﬁa@ldeot i des.
Furt her rmor e, ?ﬁcu?é( s'ucﬁ%saéE |or1 g‘éﬂnbl-% BR2Y 'Hrﬁ\g&\r‘\%eﬁ'&eslﬁ gperature and

wash sol ution centra e adj'usted as necess y cording to
factors such attanomsi ﬁO@quth@mupl%: E@'@tﬁ@'eq\ﬂ@ cegrannesd %H'Qj%'ics

sof tware” ref ggig fhSledime Lﬁw@?%@ép ﬁt)paafé édl’(ﬂlﬁtfnsséfftélﬂ@fe‘?amf@ﬂﬁ@m that is
useful for the anpalysis o uences. " Sequence
anal ysi s sof t §@iton eng:tgn%?badéqqtlgnﬁglwﬁtﬁ]l@g Spné'ﬁagf)@f:ﬁj\é'ﬁ fy
devel oped20 Tylnmaeah aaawxenqﬂmaa imSamsosk,sbf Fritacte, B FF | aridilanidisbTit | s not
Genet | cs. CorpieEeigtcpfintis s oBIRRY fithog S3ihdRARRAS U Sbi <
(Al tschul et Harhorlabintory Bress, CokbSpoag lmbqrﬂg@@?) WW@TAR ( DNASTAR,
Inc. 1228 S. Bﬁébter 11 and Table 11.1 therein (entirely incorporated herein by
reference). The conditions of temperature and ionic strength determine
25  the “stringency” of the hybridization. Stringency conditions can be
adjusted to screen for moderately similar fragments, such as homologous
sequences from distantly related organisms, o highly similar fragments,
such as genes that duplicate functional enzymes from closely related
organisms. Post-hybridization washes determine stringency conditions.
30 One set of preferred conditions uses a series of washes starting with 6X
SSC, 0.5% SDS at room temperature for 15 min, then repeated with 2X
SSC, 0.5% SDS at 45°C for 30 min, and then repeated twice with 0.2X
SSC, 0.5% SDS at 50°C for 30 min. A more preferred set of stringent
conditions uses higher temperatures in which the washes are identical to
35 those above except for the temperature of the final two 30 min washes in
0.2X SSC, 0.5% SDS was increased to 60°C. Another preferred set of
highly stringent conditions uses two final washes in 0.1X SSC, 0.1% SDS
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St. Madison, W 53715 USA), and the FASTA program i ncorporating the 35
Smth-Waterman algorithm (W R Pearson, Conput. Mthods Genone Res.,
[Proc. InwOooBsumps ]| (1994), Meeting Date 1992, 111-20. EdipoOT/0S)1/268Buhai ,
Sandor. Publisher: Plenum New York, NY). Wthin the context of 17 WO

sequence. analJIC: & aqbendl sTERraERH! 8@%@2@2‘?@‘%@@5@’@?3%@%% X%t "the
anal ysi s wil1S98, bd<GDS 64 iatdiehaded with 23850 0.1%eSBPdgiamed BY er enced,

unl ess ot her w egi4lo) used herein "default values" wll nmean any
set of val ue\éb'?)g %%a?%éﬁ:brsfimi ch oriaginall élﬁl oad with the software when

first initialized. HySidiratignrecsissshaidhe WRAUSIRIE agPRCaMAN ¢| oni ng

t echni ques; usgfinplefichtafyesatichcks amholigh depeadingaither stringsryi dfdke by
Sanbr ook, J., Frit '

, sch, 'E. and Mani at i l.acukar Lag. A
Labor at ory Nawpé\d,'za%@@oﬁﬂsmétﬁhFﬁ SR haé%s‘_ %'he,go %%r'@%‘r Hﬁgbagrpgg%%ew ess,
Col d Spri ng - HetrihgencyNibr lyb(idiaBR) nydieic ecidafdepentdmon theilength citte by Si | havy,
T. J., Bennan : : ' il | i ons,
Got 4" Spr i ng. oubie =g dftng b Gee of golf s?@%“?@ﬁ'b%'%‘a"r@%m%ﬁ?? and by
Ausubel , F. Mhe ast. Ehe grexier Hin degree 6f sirdilariy RpNeEIRgY tB‘?%’IeSé NOpubl i shed
by G eenejg Pullidishidsdgsivesaté Jiebry thevaluewfang ¢or(Hy®sids.of hhclEie present

i nvention provi.des a. u ue met hanaot r.gphj ct.erd: L s ful for
the. pr oduct | GFOF MAVA S SHAVENT o1 SRt dar BB coRbERRIng RS, o

met hane and neighan®) of meickic acid hybridieatonsdecreanes il thedfellowBggjiefonas
16a, and i s cBaixa i . rarl uldd il ' sl d and the
presence of ggﬁl@sﬁéﬁiq i%gm%%t%ﬂfoﬂgﬂéhﬁinderwgggg%ﬁg%ﬁggwg%n 20, pat hway as
vel | as the En@Risnciesiidesdt lepaimeayationg nicalsu agl,ngv gﬁVPI e[eydqprwe ar bon
flux managemepecansmbradiest &, fsuphe9B0-01515aFop nybridieatiarsawitioshortdine strain
has been shown to. p uce a vari

single cell pP‘é‘?IEiCr?,rC? difol V@Q@Eﬁ%ﬁ@%’g‘ﬁ%gggﬁgg%?ﬁ%@%gcg"régb%cﬁa@é%h >
particul arly hioghimpbrani, antitiee pnpthuof iheroligonfioledtide detesainesiteri al s as it
carbohydrat o SRR SirfiolddRetal, pral PITETEER, it SrBeictne, | ;|
permit strai niengthofare byhriflizalje nucieisyagid isont Ieast A0 rysdRStides: f ood and
e PPL it RIS ngal gt oo desnsshat st 17 e
g;OSSCm)nomer gboy 'B%PV%Pﬁ@eW%ﬁei pgp%rgbly%nf%ﬁﬁt é‘ﬁbﬂﬁ(ﬁ/&ﬁﬁlﬂ’ﬁ‘%ﬁi%&%laa The
ori gi nal envi pRREIBRifBIaLIAME engtinisait leasy 3DkTUTdatidesa$ uttharmuees thibt ai ned
from pond Sedislgﬁc—% art-ilég% mnrgcggenq%mtt tﬂ@?eni\ﬁ&%mrgta%% wash solution salt
concentration may be adjusted as necessary according to factors such as
25  length of the probe.
The term “sequence analysis software” refers to any computer
algorithm or software program that is useful for the analysis of nucleotide
or amino acid sequences. “Sequence analysis software” may be
commercially available or independently developed. Typical sequence
30  analysis software will include but is not limited to the GCG suite of
programs (Wisconsin Package Version 9.0, Genetics Computer Group
(GCG), Madison, WI), BLASTP, BLASTN, BLASTX (Altschul et al., J. Mol.
Biol. 215:403-410 (1990), and DNASTAR (DNASTAR, Inc. 1228 S. Park
St. Madison, WI 53715 USA), and the FASTA program incorporating the
35  Smith-Waterman algorithm (W. R. Pearson, Comput. Methods Genome
Res., [Proc. Int. Symp.] (1994), Meeting Date 1992, 111-20. Editor(s):
Suhai, Sandor. Publisher: Plenum, New York, NY). Within the context of
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directly into a defined mneral nediumunder 25% nmethane in air. Methane 35
was used as the sole source of carbon and energy. G owh was followed

until thevopr2was density at 660 nm was stabl e, whereuponPChESCM6BLr € Was
transferred to fresh nmedi um such that a 1:100 dilution was achi eved. After

18 WD 02/ 2073 Péjr? H360A 3R Be UhaBHIGES HatautidraRahaEacaGhalysist hane as the
sol e carbon ang source

t d t |
medi um agar eﬁﬂ‘ﬂtwe\ﬁ@u%&ﬁ@@lfor@mg%ﬁ%tﬁé?ﬁ% ?ﬁh% Vet ‘;‘)"lr&(%hl5 noqu (Tpﬂ: ga

bacterial spes t}?ﬁe ‘W@fzﬁﬂt v@aéﬁ’tcﬁdhe prddram refereaced Hml@s&eothewsayl omonas 16a
was sel ected as

col oni es, | ark® giﬁ’ﬁor@) h%F%lé%é?%HlW@ﬂ%?” $uft hB&n raﬂﬁ‘s@,t of f’éllﬁngs I%g and
pi nk pi gnent gidrameiters wbtch\oelgo"fallwpaChthhme W‘%@?Eﬂ wBen drsianitaleeds or

t ds. Meth d
‘garT;pgnf' . Typea@%% P&ﬁecﬂrﬁqnﬁérﬁ%ﬂlé gﬁ@ rnB{e%gtd?rcﬁﬁn tepPlduesalisedps

i ncor por at i orher@carwqihl@mmm m@@ﬂ:@'ﬂﬂ g %?ﬁi'bﬁqggypgé ﬁ%‘?} g q:zm%(ghce of
key specific gemza@eriar@ . avdlecliab Crordnghpvisatierstory Marsiatj Sezoniined f or

Met hyl l t th

net h)almginr) gg?\s 3 I ; rﬁagﬂé'ﬁgnyé%ﬁq?gprégﬁn%s% g%%’%@hrq&g-lragﬂ% Ng based on
every traijg, Bb) (Hﬁfe&?atteDt‘Manlam‘;”)mmd by &ilhavyak.iorBennan, M.demedal |y wel |
15 accepted t %“'égﬁeg}/ E‘;(ﬁ@hﬁwgﬁts%tﬁ'@en 'F‘ué?bﬁé Qﬁﬂ& SIpTi'ﬂgrlr%r%?

Met hyl ononas Fquée In n nmet abol ism

16Sr RNA ext r dcalmtaforgiGalt Eress §pﬂng\b‘§r@§q[)|gfn@@§ %rﬁi‘dc H8deli 6 Mknown
16Sr RNAs ffogénﬁ/é%f]urr%f%f&%m ﬁquole?én@rmdl umkehS$ Yy Grdensity to

sequences fr ononas l'onronas 20 sp. strain

LWL3. Based o'ﬁubllﬁ@%@\ﬁa@%c@do\é@emt?r%rt% %Eir physi ol ogical traits
describedjg n Tabl eTRe bEé@quWeﬂnon lpWoM@és aamijuededttidrtrophi dataiial was  a

nb f th |

Char act er | 2t SEANG FoREL 1 HMBRALCYRA o adPHen MR o Ot Edtan, o oy

met hanot r ophi solraes suthlasshethiang anﬂBﬂMhahyl ohiv akainga refesiedde ﬂ“@f%t«%ane to
met hanol via @ﬁzﬁ}lgﬁﬁﬂa@%goéxg@aﬁa&%n&@@ bg raBid cﬁﬂﬁiﬂn "t‘mﬁ@’h@ﬂyleld

utilization. ane nbnooxygenase pres In the

particul ate, asd 8pppesence odJeses Qﬁﬁ%dm@r@ﬁﬁb%%ﬂ@?é'[)qﬂgﬁfcﬁt‘ﬁﬁ‘%PB met hane
MONOOXY gesAs eg%z&ww@s w@ﬂ% b EnRMViehefHts patﬁwéwlbwmg for vetsatilityr ch.

M cr obi ol . 173(5 , 30 325- %H %? E 3 een i sol abed and
sequenced. pMO@ajba'ﬁ éluxcfn% aganaentang pghey F'eﬂﬁ%o GAOBdNCUPRraliols i £ i city
as opposed t oTEMPam hwﬂbébn@hewhes@r@ﬁlwa warietlyiofjood-and feéddsprodastsn t he

PS'\‘/NPI ngznfol Such &Y %lrneqe c&f pFoqgmpé)?&%%éa%r&hg id@4hly FARA! GRStHiNRgst e sMO

particularly high value in the production of food and feed materials as it is
25  possible to manipulate the various concentrations of protein, carbohydrate
and starch all within the same organism. This capability will permit strains
to be uniquely tailored for individual specific food and feed applications.
Additionally the strain has demonstrated utility in the production of
terpenoid and carotenoid compounds, useful as pigments and as
30  monomers in polymeric materials.
Isolation of Methylomonas 16a
The original environmental sample containing Methylomonas 16a
was obtained from pond sediment. The pond sediment was inoculated
directly into a defined mineral medium under 25% methane in air. Methane
35 was used as the sole source of carbon and energy. Growth was followed
until the optical density at 660 nm was stable, whereupon the culture was
transferred to fresh medium such that a 1:100 dilution was achieved. After
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providing an Ve Fab%ﬁ‘"c and Physiological Characterization of Methylomonas 16a

Carbon Metabolism: The present methanotrophic bacterial strain,

25  Methylomonas 16a, converts methane to methanol via a methane
monooxygenase as the first step in carbon utilization. The methane
monooxygenase present in the strain is a particulate, as opposed to a
soluble, monooxygenase. Particulate methane monooxygenases (PMMO)
are well known in the art (Murrell et al., Arch. Microbiol. (2000), 173(5-6),

30  325-332) and many have been isolated and sequenced. pMMO's are
characterized by their narrow substrate specificity as opposed to sMMO's
which are less discriminating. For this reason the pMMO enzyme is
favored for the production of bulk chemicals since the sMMO is likely to
modify many of the chemical intermediates needed for the efficient

35 production of a specific product.

The gene and gene product corresponding to the pMMO isolated
from the present strain have been sequenced and functionally identified on
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advantage to the strain, this gene in the carbon flux pathway is considered
35 diagnostic for the present strain. Conparison of the pyrophosphate
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20 the data suggests that the Embden-Meyerhof pathway enzymes are more
strongly expressed than the Entner-Douderoff pathway enzymes. This
result is surprising and counter to existing beliefs concerning the glycolytic
metabolism of methanotrophic bacteria. Applicants have discovered other
methanotrophic bacteria having this characteristic, including for example,

25  Methylomonas clara and Methylosinus sporium. ltis likely that this activity
has remained undiscovered in methanotrophs due to the lack of activity of
the enzyme with ATP, the typical phosphoryl donor for the enzyme in most
bacterial systems.

A particularly novel and useful feature of the Embden-Meyerhof

30 pathway in strain 16a is that the key phosphofructokinase step is
pyrophosphate dependent instead of ATP dependent. This feature adds to
the energy yield of the pathway by iJsing pyrophosphate instead of ATP
(Example 6). Because of its significance in providing an energetic
advantage to the strain, this gene in the carbon flux pathway is considered

35 diagnostic for the present strain.

Comparison of the pyrophosphate dependent phosphofructokinase
gene sequence (SEQ ID NO:5) and deduced amino acid sequence (SEQ

20
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(b)  comprises a functional Embden-Meyerhof carbon pathway,
said pathway comprising a gene encoding a pyrophosphate
dependent phosphofrictokinase enzyme, the gene selected

25 from the group consisting of:

(a)  an isolated nucleic acid molecule encoding the amino
acid sequence as set forth in SEQ ID NO:6;

(b)  anisolated nucleic acid molecule that hybridizes with
(a) under the following hybridization conditions: 0.1X

30 SSC, 0.1% SDS, 65°C and washed with 2X SSC,
0.1% SDS followed by 0.1X SSC, 0.1% SDS;

(c)  an isolated nucleic acid molecule comprising a first
nucleotide sequence encoding a polypeptide of at
least 437 amino acids that has at least 63% identity

35 based on the Smith-Waterman method of alignment
when comparéd to a polypeptide having the sequence
as set forth in SEQ ID NO:6; and
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| east 95% i demohephosphateheyntbasar hbe serend phasreistiermed orleavagreraich.
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000 1 dentcal A o O 100 & KDPG: ol dof ase
28c(l) lai c acid m?&@r‘?ﬂﬁpgﬁgﬁag n&qstgylgiropﬁgg € R@'NE@/% Pgmq?/c@?gtogcﬁhggﬁﬁ%% ic acid
fragment s r ephrdecvhriamtei However, orniytvgo ahthelsperatiants areeconmyenlyifoundo provi de
2x2: ggl 8;?‘& gﬂe EERRROH LR bR dsphbflseFt aRbAdBRLENSr iFBPE/rhy to grow
(keto deoxy phosphogluconate/transaldolase) pathway. (Dijkhuizen L.,
25  G.E. Devries. The physiology and biochemistry of aerobic methanol-
utilizing gram negative and gram positive bacteria. In: Methane and
Methano! Utilizers 1992, ed. Colin Murrell and Howard Dalton. Plenum
Press, NY).
The present strain is unique in the way it handles the “cleavage”
30 steps as genes were found that carry out this conversion via fructose
bisphosphate as a key intermediate. The genes for fructose bisphosphate
aldolase and transaldolase were found clustered together on one piece of
DNA. Secondly the genes for the other variant involving the keto deoxy
phosphogluconate intermediate were also found clustered together.
35  Available literature teaches that these organisms (methylotrophs and
methanotrophs) rely solely on the KDPG pathway and that the
FBP-dependent fixation pathway is utilized by facultative methylotrophs
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20 sequences is about 59% (dentlcal to the amino Acid sequencoe Bfw%ported
herein over a length of 212 amino acid using a Smith-Waterman alignment
algorithm (W. R. Pearson, supra). More preferred amino acid fragments
are at least about 80%-90% identical to the sequences herein. Most
preferred are nucleic acid fragments that are at least 95% identical to the

25  amino acid fragments reported herein. Similarly, preferred KDPG aldolase
encoding nucleic acid sequences corresponding to the instant gene are
those encoding active proteins and which are at least 80% identical to the
nucleic acid sequences of reported herein. More preferred KDPG aldolase
nucleic acid fragments are at least 90% identical to the sequences herein.

30 Most preferred are KDPG aldolase nucleic acid fragments that are at least
95% identical to the nucleic acid fragments reported herein.

It is thus an object of the invention to provide a high growth
methanotrophic bacterial strain having the ability to grow exclusively on
either methane or methanol, comprising a functional Embden-Meyerhof

35  carbon pathway, said pathway comprising a gene encoding a
pyrophosphate dependent phosphofructokinase enzyme and at least one
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possesses a specific 20 pyr WHROSIIRRACA R 8RAYRENYHB Y m'@@t&ﬂquﬂa@@ haV| ng
the am no acid sequence as gggefﬁfmﬂnlgEQE@N@jﬁOaﬁd The present strain

be f h h t d b met c bacter al
gﬁ/aiﬁ fgﬁgtﬁtra grgggﬁcg)e?e?ﬂégﬂatﬁg %ﬁi%@?%'& rf‘ﬂeé’u'@ré‘? I i s tlherefore
an obj ect of the invention toomp@melstarsy toshqd) of (c)25 |dent|fyi ng a high
orouth, et hanot 0l Sudih £ L b RS RRTRERSA, erRbnBh BRI o
suitabl e gromenzwealamdﬂﬁaﬁoﬂﬁexxbpbgemlmonm hlsdodasesenzysioe,dhe stlaim sour ce;
(b) Identlfyl B6m ﬂé@@bﬁferfca%orgﬂ%eﬁeémewmbdéﬁ FB'P’SaIGBIa%bep (a); 30 (c)

by ot ik Lo oo
Char acteri sti pyropﬁbepimteseﬂﬁ)s@hogheoﬁ@l@vcﬁah‘}fﬂMtaw%ﬁa@hgjggtele{?) I
character) <t Efpdina S MIRLIGST M, ARLURIBIABEL s Ragharip et ™
ef ficiency of the mterconversmn of glucose 6-phosphate to glucose-1-phosphate, which
feeds into either the Entner-Douderoff or Embden-Meyerhof carbon flux
25 pathways. As shown in Figure 3, fructose-6-phosphate may be convert to
either glucose-6-phosphase by glucose phosphate isomerase (Entner-
Douderoff) or to fructose-1,6-bisphosphate (FBP) by a
phosphofructokinase (Embden-Meyerhof). Following the Embden-
Meyerhof pathway, FBP is then taken to two three-carbon moieties
30  (dihydroxyacetone and 3-phosphoglyceraldehyde) by the FBP aldolase.
Returning to the Entner-Douderoff system, glucose-6-phosphate is taken to
6-phosphogluconate by a glucose-6-phosphate dehydrogenase which is
subsequently taken o 2-keto-3-deoxy-6-phosphogluconate (KDPG) by a
6 phosphogluconate dehydratase. The KDPG is then converted to two
35  three-carbon moieties (pyruvate and 3-phosphoglyceraldehyde) by a
KDPG aldolase. Thus the Embden-Meyerhof and Entner-Douderoff
pathways are rejoined at the level of 3-phosphoglyceraldehyde.

conmmon

24



35 this strains and other strains possessing this pathway, relative to
strain that do not have this pathway. The present Methyl onbnas 16a has
been showoO2qge®w on nethane with a doubling tinme of onP@I/BS&/3827This is
a very high growth rate 25 WO 02/ 20728 PCT/USOL/ 26827 and is an obvi ous

advant age for comlg ﬁlﬁ ﬁ {qul){‘@rbwﬂisl\net nb%pﬂf%@ééténa”a”' pul ati ons

performed in devel trarn artronal Ly, Vet hﬁ& nonas has no
requi rement for orAjtnoughghewréséridoarsiradubas h@eVéSé&@tedéQW shorit 1§t her

costly fer m%&érﬂ@la‘[’é’&’iﬁdt‘fﬁé resaft Féarcﬁln@ \Knﬁ%'ab%sth@r@éhd?ﬁhh@mﬁlcaﬁoﬁr

met hanol , i norgani € _m nera en_and water, fqr o r oWt gi ving
t he present sﬁﬂ%‘ﬁﬁ'aaﬁ”é{ﬁ\%ﬁ'ﬂ%fgﬁr% Fofry@napley fé’egﬁﬁé{v&?}?fg%er'g\ﬁ C%ﬂpe
Particul arsl y m&&vﬂﬂghgrd)\mﬁé’c%\lhlawthatﬁl il anfohlipatepnethemotrophausingYi el d i s
defined herein,as.the a | I n
substrate rret%\ﬁﬂtl}%r e e ?r i‘gr&\% g%la?f'o ag&’é&ﬁ%oﬁ?%e %@q} P&ss%;%%@%r oduce
10 greater trmfur@tlenalrﬂﬂpdeﬂéﬂ%tﬂrbomaihww, anshparficglagly shgers eB%‘quQrass per

gramor  retha rre%enmémbasmohﬁg shown t he
ability to rgg ?ﬁ éﬁﬁétb%en@em pRophotiBtoR

ater than 0.30 and pr fer re L‘%an Q. 45,
nor e preferaUﬁ?'at'@'ﬁé’ F@*h@WFPRf’SSaréélqm'ﬁﬁ§§” &re @f'&%’%fnﬁ’&
et abol i zgd. nasle mmv&r Bi. Broek ﬁ@omhyomgyammabomeaﬁ Indeistyfal how nuch
carbon is assi.m | at I 4,0 ncy is
expr essed | nﬁmi@ﬂ@m SPrd Bl BRI SngRbP AR GARE Fic rqu‘cfé/'%‘he ’
bi omass. Car bidA. mrrﬁ)@hnamde biukuot dh plth,cwhem ﬁq @@Cél@@’u theg2 b| omass
conposi tion O(L ) gﬂaﬁ 'EJ Fb&%s haR d&fé‘h@@ht ﬁﬁés’*jﬁbfr\uctdklﬂim:a%

i'gh”’carbo

particularly n co sion efficien an effi eng of
greater than 2€eN wel%@hﬁ{?&te% ﬂfm%mm?é@"&ﬁ/ﬂ&%é%%&%%\h%h%% Ve

p][ ?f erred;s ? lssuTvVReR idenelobed (sed éor mdampI@SCthﬁegheyalp@heBmﬂeahd an
efficient o p r ation:

Met hyl onbnas @§§8 ?%f‘.ﬂf&%’ g:g %‘%{) t:%‘ Jﬁ?Zn‘?) concen rggﬂ)t g@é hi gh as
600 nM . Typi t@83-§4neThaconteraporaey mintpkiolpgiat Mk be abim teuse Htasens to sone
met hanot r ophi cHﬁﬁhSé"t@dé\‘ﬁlyWeOﬁ%@éﬁt Hl,ﬁﬁgwh?ﬁré‘ﬁﬂ erate up to about 2.4%

nmet hanol whi c% I's "at spectrum of ne hanol

tol erance for' net hHF\%ﬁP@‘Fdﬁ? étramféh?@r%mmenﬁeﬁ@Psse%%efo%ﬂfﬁ
Met hyl ot rgphi gy @&é@éhaﬁe depenlibh padflublekinaselhaling fheearsino(didt echnol ogy

Handbooks 5) lin Murrell .a Press
NY, pp 23- 84)seqﬂﬁ”§efae3a?‘?}r rté S i‘m 6 Pgﬁﬁgﬁg'ﬁtosv%a}ﬁca tg)é costs in
react or desi gmaaomlzedlbqrMyezlmg)a methbaoioophis bactgtieat S’iﬁé@ef%theatl ng
reactors W|th \Qﬁ&e@fﬁie{@er&"&%?odlmﬂns'eﬂw egconstruction costs). This

i ssue (high Oor COS requl renents, to over met hanol
toxicity) is a neit é% therefpiRer QW?%PJ)W%'“MP”W%W@WWF@%%@PE% a on

”Et hanol . {3 yRAEHITY 2t §RWth MeétREheFeFAS babeeriahstraigaionyiriswy:t o produce

(a) growing a sample suspected of containing a high growth

methanotrophic bacterial strain on a suitable growth medium in
the presence of methane as a s_ple carbon source;

(b) identifying colonies that grow on the conditions of step (a);

30 (c) analyzing the colonies identified in step (b) for the presence of
pyrophosphate dependent phosphofructokinase activity.

Growth Characteristics: The presence of the above mentioned carbon flu
characteristics was previously unknown in methanotrophic bacteria and may
explain the rapid growth rate and tﬁe increased carbon conversion efficiency of

35  this strains and other strains possessing this pathway, relative to strain that do
not have this pathway. The present Methylomonas 16a has been shown to grow
on methane with a doubling time of only 2.5 h. This is a very high growth rate
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35 excess of 50% of its weight as glycogen during active growth on nethanol
and significant anounts of glycogen during active (non-stress associ at ed)
growt h onwo@iomge. This aspect is useful for the product ipgr/@do1assst ur es of
protein and 26 WD 02/ 20728 PCT/ US01/ 26827 car bohydr ate to serve a wider

f f eed trit t t
et hanot r ophealit BIEPRYoR RVRREeR Y Sy PR vl R OPlRBAdE 0
this trait enabhipsiadtensydesformed nm@avebpmn&@fﬁ@ %irﬂiﬁsﬁdﬂtf%aﬁy'f or the
production of IM&%H# hgﬁ‘r{%aaﬁ@meﬁtﬁ? F%rﬁ’é rdwihtfaeor®sach asyeastal 5
dein oJ;

T O ooyl S RUAR B b ane

tA ypi cgl ! y s Cf&smea{eﬁm ':lﬁo@nﬁmmdd?él@dumnbeynctwetmﬁydommu"EQTGPW lt%wng
ccordin i nvent.i on _proyi in e
ability tgoypr@&Lng seqt 5&!@92' a%’?“%@ﬁa%?/?ﬁw%lsgggﬁﬁwm £‘Ejlllowcéc;géén \?\hen grovvn
on net hanol , wher ePatiicutarBossteworthp mﬂh@d’tlgmwld Qfﬂ\ﬁﬁ’r@&@nt i vield i

Ter penoi d Pr Oggﬁéooﬁ'erewg Fﬂ‘i@ﬁ%ﬁn{v@fé‘%ﬂ ﬁ)ddi:bﬂadé? dramUsidhambor or the

production of var i nents an ul the .is i d

pi gments. Thi sulgiepie naﬁtapp tEh%P@S?HB ‘f‘é‘aﬁaﬁ?\?"‘é} frhﬁrﬂj’" ty?gﬁfc’(ﬁ’(?gor bi ng

E[‘,Opg(r)t ' ggo ag re%'f@rﬂft%ﬁh'()’%@nﬂ%?é‘le&é‘tﬁy lgesedet thahal .0 gtame widel sadssqrerafrabn ofl0,
carbqn i.s n

Cdent i fied in wedatolets SRR APl ey SR B SRCShGLE ok ggﬁ@t of this

pi gment is veplsodmlcgrgreatetrmarc@lao antiprieferahtyi graater éhan Orfth, merripyefena i

carbon flow tghr @F‘:PI;\EH% 5 3QRY '&r@i&r‘?\"@f%netﬁ%hél l%%l&ftﬁllzéﬁ ovi des the,

basis for vie € 1 soprenoj way. as bone EPOdUCt on ,20

pat hway" for isoprEagien Q@m\(afé'@npﬁf%%@%'s gnothey 'E%ﬂ?‘érﬁrﬂ NHMUGR CEIBiSe
that highyyal a&:ﬁ%fé@m dell fidsk. @;‘arb@rﬁ asAvérbion, eficiencyisemeressed in units of

th t hi t b d
Addi tronal |y bieopetiaie” sraon il BEEERad Y SR HARRE a%“?f?r?éoﬁi‘)ef 'BPoduce
various isopr eﬁmn@wosrpalmtﬂed Iasswnmgca U@naase‘» compsaitienef GH 26 dia 28nd
di verse gr ounthl Jaldtidicd QAlHGAR & BakichRiR gl eAFB ébr%vélbhémdrerw gi n

based on a si n% bol'1'c precurs | sope t'{
(1PP). The grwhgreaneificiensy 9rgf@atﬁr§h%69\mﬁ a%mm%@%%?laécsr Hw g*’?’ E
Sg g; te ﬁtng ﬁ’z‘(l) t geb I@bpeféﬁéumgohv&%mt éf@ré@tgk lth/asrf 2% malrnghbfl rﬁefaréflbmtgﬂfound
i yl di also referred to as
"terpenes” or R rgé)%g{%%terﬂ%{fﬂﬂls @o%et"eé%% used in the designation of
t he various cl asseMeihamdsldﬁﬂlzat«ar_mgWh)(l@mnged6aa$|6hownr’t@@ITOWll‘t owthenelsi s
of Isoprenoid e

P&%M%%s éh%@ 60D MM W‘gﬁ éﬂ%ﬁl? Piﬁh H&Iecrfn% to%B étotﬂese

(1981)) | sop s are u ous r} %
or gani sms. smgn@ﬁntfai@r\ﬁémsomm p@g: lActeria. ethy omonas1 a can

25 tolerate up to about 2.4% methanol which is at the upper end of the known
spectrum of methanol tolerance for methanotrophic bacteria (Green, Peter,
Taxonomy of Methylotrophic Bacteria. In: Methane and Methanol Utilizers
(Biotechnology Handbooks 5) J. Colin Murrell and Howard Dalton eds., 1992
Pleanum Press NY, pp 23-84). This feature again allows for much lower capital

30 costs in reactor design since tolerance for methanol is higher necessitating
reactors with fewer mixing ports (i.e. lower construction costs). This issue (high
reactor costs due to mixing requirements to overcome methanol toxicity) is a
major drawback to growth of methanotrophic bacteria on methanol.

Glycogen Production; Methylomonas 16a has been shown to produce in

35  excess of 50% of its weight as glycogen during active growth on methanol and
significant amounts of glycogen during active (non-stress associated) growth on
methane. This aspect is useful for the production of mixtures of protein and
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35 isoprenoids are steroids (triterpenes), carotenoids (tetraterpenes), and
squal ene, just to nane a few. 27 WO 02/20728 PCT/ US01/ 26827 The

bi osynt haed 82/zf726uch conpounds typically involve the enzyperTiUsamssizenyl
pyrophosphate and are forned by the head to tail condensation of isoprene

units which i i ioh8l hedtstds cdmpbrrdd
cont enpl at edr%g{yﬁ%ﬁ%%erst,o grégrlvgtjagﬁ'fiégﬁg??()gég' I C fén%?ﬁggﬁlﬁlggasucr as CI | rED?]ene,

ment hol and derctherebligae methareiiehe Rradudiag pRsRITSIR @sInG slePropHgt

| opr enol o pa lnaapPHAPLE bAamos mﬂe’gﬁiﬁbﬁ?ﬁ@m B of
r nr 0

conpl ex cycl itbeﬁéd‘dﬁfg%(\%fr%w‘é%qﬂﬁ%ﬁ? ap?8&@ﬁ%§%*o%e{®o%m%ho . This

(c::agabi ity Ljsqmsqm?t_abdﬁkml isgisarlywreliyingtiniiletaylomeasstis Tomist convert

-1 conpounds_to ¢ | e ] SesH :

steps in isop?rgﬁm.%ﬁBgﬁﬁ%sggbggtlj%%/\hn@.&I@glrj exagng?rgmlf ﬁgﬁ%lﬁgﬁt%:twlﬁcawng of

the al t er nat ecqresidatag to iecdnie praskiced iycrsbehysiiaiss metabalisen A@r‘%ﬁgé’éﬁ es

(pyruvate an%@éa@@m@é Wh){l&rﬂ:h%eétﬁﬁiﬁﬁbyﬁ\g tRe RIMIRPEEpRHUCE dn pkedsh a

5- carbon conpoun -1-de I -5- ph hat e) ., Loi t al o
reported a ge%fg'?Oo‘@)&f ,'tst"ﬁ?i‘géé‘gyc@g‘é‘oégseeﬂ"ihe'ggos g?E\)’%@@Béﬁﬁ’ﬁ&%ﬁg&)@a@yﬁgﬂase
(DXS) thaty cahlwdutzdss idhgypsoant hesi s of  D- 1-deoxyxyl ul ose-5-phosphate in E
coil (Proc. Natl. éﬁgﬁ%Rtéﬁ%TgﬁeE&gPﬁoagc@&Pﬁr ﬁ%é?%{&igﬁ@hwoh%fas the

i ntranol ecul ar rea X ] ] phate occurs by an
unspeci fi ed rsiaiotis uaet fardbe presucting of srvagietval Rigments and particularly

2- G- et hyl - D gkt B ieheld 6igmé?ﬁilh¢h§-clé3%eofcﬁigﬁ1€ﬁtseékéwmd ©Viveestrany t he
reduction process 1s D 1-deox ,X%| ul.ose-5-.ph Bha%% r educt g somer ase 25
(DXR). Takahaligft absosping PEpisitie af‘ﬁ@%??”\fﬁﬁﬁ B Bg ety zes the
for Eat i o_n}gmz P@g;{aémtah?zshdbseng; 1,i 2001254 39 loo gpharieom Isophenathannanepat hway
in E coi roc...Natl . Ac ST S, . St
convert i ng 2- gl BiGRHIRR I 1 éﬁ%?ék%?%&%%ﬁé@é%ﬁ%h;\ds e
nonophosphat ecantenhof thisepighsmdisveyhighetn thetael s is dndicaltyesefdurally known.
2-Cmet hyl - D- gyt Dl b b ok 4@ E8sdpter@BvRIthREy ] Mhis dspect provides the
di phosphocyti ﬁw%&r’r@tﬂﬁylt eryt h?_sltpgle i n\f? % %s' e trpi g hate (CTP)
dependent r eabasigiomhyiewig '@S‘ﬁz‘?‘h@e@ﬁ@d&;WW ag -bﬁ‘f'kg?'&‘? BBCP{'}@FS@” ygbP,
e“COd't ng @03 W’f&i@byﬁe‘%id—@éﬁi\@&@@ﬁb%t lrlansafoe:t@mptatabfmnexbme al .
reported a Yg rQqtein in E. coil that cat zes .t reaction nentioned 35
above (Proc. F‘!gcf')&‘é%l&l? @6&?”9@% S@'gaffféga-%@g’ ?‘fgg%tfﬁg Recent |y,
canthaxanthin, and lutein may be produced by the instant organism.
Additionally the present strain is expected to have the ability to
produce various isoprenoid compounds. Isoprenoids are an extremely
25 large and diverse group of natural products that have a common
biosynthetic origin based on a single metabolic precursor known as
isopenteny! diphosphate (IPP). The group of natural products known as
isoprenoids includes all substances that are derived biosynthetically from
the 5-carbon compound isopentenyl diphosphate. Isoprenoid compounds
30 are also referred to as “terpenes” or “terpenoids”, which is the term used in
the designation of the various classes of these examples (Spurgeon and
Porter, Biosynthesis of Isoprenoid Compounds, pp 3-46, A Wiley-
Interscience Publication (1981)). Isoprenoids are ubiquitous compounds
found in all living organisms. Some of the well-known examples of
35 isoprenoids are steroids (triterpenes), carotenoids (tetraterpenes), and
squalene, just to name a few.
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ygbP gene was renamed as ispD as a part of the isp gene cluster. The 2

posi tion hydroxy group of 4-diphosphocytidyl-2C nethyl-D-erythritol can 28
WO 02/ 20 %@ op@r28JSOL/ 26827 be phosphoryl ated in an ATP degBuderssz7eact i on
by a 4-di phosphocytidyl- 2-C-nethylerythritol kinase encoded by the ychB

gene. Luttgen et . __has epor AT '
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4- di phosphocyisbpghtepg prroplibsibate angere fargledypthedianst 1@ tebroc. Natl. Acad.
Sci . USA 97 %e%%%ﬁoﬁ 2pR3ptene EARADAIHN mafIBe 1FBB1GMS 2mSOIENaned as i spE

as a part of e 1Sp gene uster. Herz et” al. reported that the yghB gene
product (2C i Rprhans 1BISANRI t ol 2, 4- cycl odi phosphate synthase) in E. col i
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SCI-LEA 973%%3@9@%%3& 8&9%& P& NIdwed é@apr&hﬁwgmwwsror enaned as ispF

as 15 a part ) ene C ter. Bqth t I d h
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ot eau, Prociilelepside Sitpaede palhigoy ogolyS 19 cokga oty Earobh™"9° AN

renyl trapsf errsesuleo Biruvateand Ot akidhgde gpowd, Rokyeesddelstdd §¥zi ng  the
consecutive cpndensatiqn of i | di I ti '
the formati onBBPSB'?%ﬁbﬁOHi?%ﬂgz%E%@é’g@é@ @a@ﬁg@gq%egﬁx%ﬁ@ka?{gsqu)Imr;Igogl)Es
genes of gr enphosplatsf. doiset alabvas tepgited aoasardsdthadgneades B-1-30 t hei r
am no acid se

qus g r{g%}‘gﬂog?gaﬁéfg éf%ﬂgatée%mév 8t Ba@Nrks ti@BpitAEdBSf genes

i .
(1995) . They Du-sleguyaiyiPgerapiaspheion & GHUCSG N, Aiich 55k USABRecyl
(C15) di pﬁ@spgqgs_gslmgt(hggg)r)gi spA), and another prenyltransferase that can
catalyze the synthgaie 2L ilitantoBEaY leatrardehan B H.- Pty itibgys. | engt h.
phosphate occurs by an unspecified reduction process for the formation of
2-C-methyl-D-erythritol-4-phosphate. One of the enzymes involved in the
reduction process is D-1-deoxyxylulose-5-phosphate reductoisomerase
25  (DXR). Takahashi et al. reported the dxr gene product catalyzes the
formation of 2-C-methyl-D-erythritol-4-phosphate in the alternate pathway
in E. coli (Proc. Natl. Acad. Sci. USA 95: 9879-9884 (1998)).
Steps converting 2-C-methyl-D-erythritol-4-phosphate to
isopentenyl monophosphate are not well characterized although some
30  steps are known. 2-C-methyl-D-erythritol-4-phosphate is converted into 4-
diphosphocytidyl-2C-methyl-D-erythritol in a cytosine triphosphate (CTP)
dependent reaction by the enzyme encoded by non-annotated gene ygbP,
encoding a 2C-methyl-d-erythritol cytidylyltransferase. Rondich et al.
reported a YgbP protein in E. coli that catalyzes the reaction mentioned
35  above (Proc. Natl. Acad. Sci. USA 96:11758-11763 (1999)). Recently,
ygbP gene was renamed as ispD as a part of the isp gene cluster. The 2
position hydroxy group of 4-diphosphocytidyl-2C-methyl-D-erythritol can
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Further down in the isoprenoid biosynthesis pathway, nore genes are
I nvolved in the synthesis of specific isoprenoids. As an exanple, the 29
WO 02/ 208 op@r8JSOL/ 26827 crt N gene that was found i n HeCT/oR@ioBi7US
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oxygen Cofsunptbanysi; ggﬁe chisgsence of a nitrogen source. The strain is
wel | suited for the ?D

duction 2 ei n_under either
aerobic or anaero r 0 vorably wit
b Pelsrsions fataveee b BeSaEEend VoBE RIS T8V or abl v with
ot her known sgarfibA%ut irP OTHUGEpEhdemt trranabouThds ETdP pynthasepthys amei ght/ g
met hane and up t o, ahout 45 uction
of exopol ysac'g'?%ad& leF‘BQE}% gg%ﬁ%??q‘ﬁiﬁgmg@y %@@Qé@o&ﬁﬁ@;ﬁy rlg;a élﬁ%ve been
used wi del y aim B ¢dii wasdetermmescbtmdermmlerfb“ﬁPfsaathassr{ng eled)., (JsBitlord et al .
Pure & Apg! ); Sutherland, Trends Biotechnol,
16(1): 41- (?ggg)) %%%ﬁgggégaéﬁégﬁ din f ood Er odu ts such as sal ad
dressing, jam fro @HPW@Q@eVﬁéﬁié?%tﬁnédlﬁPéV@t chargRicEdef JsaPeMEN¥ry f ood. .
Many ot her apmdn%ﬁhbg;ﬁﬁatbﬂf;'f&ﬁféom@@ﬁéﬁﬂéﬁg rAdnagestphaters questited des, paints
and other coating a '|;‘ ? 19115
an |sope% enfl dip os%ha e (IPP) by lsopentenyl monophosphate kinase
enzyme encoded by the jpk gene (Lange and Croteau, Proc. Natl. Acad.
25  Sci. USA 96:13714-13719 (1999)).

Prenyltransferases constitute a broad group of enzymes catalyzing
the consecutive condensation of isopentenyl diphosphate (IPP), resulting
in the formation of preny! diphosphates of various chain lengths.
Homologous genes of prenyl transferase have highly conserved regions in

30  their amino acid sequences. Ohto et al. reported three prenyl transferase
genes in cyanobacterium Synechococcus elongatus (Plant Mol. Biol.
40:307-321 (1999)). They are geranylgeranyl (C20) diphosphate
synthase, farnesyl (C15) diphosphate synthase (ispA), and another
prenyltransferase that can catalyze the synthesis of five prenyl

35 diphosphates of various length.

Further down in the isoprenoid biosynthesis pathway, more genes
are involved in the synthesis of specific isoprenoids. As an example, the
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flocculent, binders, filmformers, lubricants and friction reducers. 30 WD
02/20728 PCT/US01/26827 Furthernore, exopolysaccharides are commonly used
in the owobt/al7es for oil recovery. Traditionally, industPCEUSY/2688F Ul

pol ysacchari des have been derived fromalgal and plant sources. Over the

past decade
I ncr eased us?fé}é\y ééi%pﬁtﬁ%ﬁ fogpgefﬁ Héﬁgb%’ %%@QWO@WQI %@g9§9“2884) ;
Sut herl and, T/SAGS: BlafletHdan (199@93)(&000d¢§3631699@'8\5t?en%ﬁ9y Pﬁ@?a%eenes ’
sequenced ", ORRISAESRT daolrop Bibpanestatapen char acter 2ed o

B
that i s probably M8 qpe sf)ﬂgﬁrﬁwefa{w%}ﬂeiHBPBP%&?S%S%“%?’EE@& ag(rjohzlsn
been sequgncegkli khdvah Sth@mrés@weaof(gdmesgnvcémchlntth$oprNhoudcnathBYD6 977- 989

1995 h
Gone ol ust or NEOMAED et e 08 8- TR sumihe "‘gfg oteindafor iBboldy e o
178: 1680- 169ﬁenn@%))gen@mmtherpra@rﬁ@tratﬁ BEQ 9%9 hakECde MQpZﬁ)t prot ei n,

(1997;)5 lglegt drg'jﬂésﬁz trizf kthe re%@h%t?élﬁ&vl@beaisefulfﬁﬁﬂtﬁ@%o&ﬂ&;onldffa?» 1474

whi ch transf éf%'eﬁ)h@ffﬁh@%mm@ge 6@53&%&&‘%‘!‘&%“'&? TR &?ﬂ%ﬁ(&mgﬂ?’gﬁggsgl S0
Zzezgsﬁggggfeﬁranﬁl haﬁnl’getﬁé(yéfheslw\dtgmrmpdud:tssas(ﬁhio@lmlmSEQ & ., Plasnid 40:
t he abundanceNéfBF%%fﬁgﬁcgzsr%@%O?Hm%a%ene@ %‘ﬁg?é%pﬁ%l al ' spite of

exopol ysacchaerylrxﬂwe rangbdeeXyXMlkdﬂseéﬂ-phﬁSPmﬁ@ rpduﬁwmﬁaﬁe, Hesrethyb) at ed
or Shal act or i gelh T oblibRNMNAS SNBSS, o Suchers ey rkgonas. As

woul d be.an mgwawqf%%ﬁmﬁéﬁ S HaeE AR R e Hant and
wtemlegrsr;) Pr?:sq?ga ha@ déﬁhé!écs?ynmag@télartﬁphoéiﬂiqmyh?ylmgCyrﬂetﬁyabrwm&ént
| evel s. The dERgse: @r%g%lg ﬁ&%epgld%\'?é(ﬂ&m%g%éaggﬁaﬁSgcs;ﬁl!{ hgzl 2t pglt ﬁ\r/]vays
h:\r/]g breggu l: fol at edPgotlic86n «amalrwﬂe €eil Rrdteiimd The preesyd strestisaisefiy o t h thei r
|gnven|t0| on pr Oheﬂo&?&%@ ﬂ%%nas s{) A\g’é‘ﬁ)a‘\'\/'lﬁﬁ%q{% %é{"} W?gagﬁtn:}em ze
exopol ysacchafeeddsdusitdesa Q’K@O@Gefﬁ)éﬂ"e em@amﬁh@m@r }SC Y%, " epsB,
epsM waafy e{ﬂ%i‘fo rAY o ﬁ@%r@&;&ioﬁC&S@P atré Wéﬁfl@;lbﬁﬁﬁnﬂh@bﬁl (88¢ #&¥s0Ci at ed
Wi th mcrobia Wsagc % 98 gl ngnt(ret
examp e US 4,795,708; Shojaosadati et al Amirkabir (1996), 8(30),
33-41). The present strain is well suited for this application due to its
advantages in carbon flux and reduced oxygen consumption in the
presence of a nitrogen source. The strain is well suited for the production
25  of single cell protein under either aerobic or anaerobic conditions.
The present strain compares favorably with other known strains,
producing up to about 1.3 g protein/dry weight/ g methane and up to about
0.45 g protein/dry weight/ g methanol.
Production of exopolysaccharides: Polysaccharides are sugar
30 polymers that have been used widely as a thickener in food and non-food -
industries (Sanford et al. Pure & Appl. Chem. 56: 879-892 (1984),
Sutherland, Trends Biotechnol, 16(1): 41-6 (1998)). They can be found in
food products such as salad dressing, jam, frozen food, bakery products,
canned food and dry food. Many other applications include suspending
35 agents for pesticides, paints and other coating agents. They can act as
flocculent, binders, film-formers, lubricants and friction reducers.
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31 WD 02/ 20728 PCT/US01/ 26827 Denitrification: The presence of
denitrification enzynes in obligate nethanotrophs is unknown. The present

strai n cowlogaizng7’® pat hway conpri sed of genes and gene produaigsoasecet forth
in SEQ ID NO 39-SEQ |ID NO 60. A novel feature of the present Methyl ononas

16a is the abElihirmorel Bxtbbilddcntrided BROCIMARIMEESEY inl i obflegieforiainsi ons

as an additiona ecfron reduci ng equi val ents derived from

met hane or nefG¢¥&@MBIY. Nitrogen sources may include, but are not limted to,
nitrite, nitrate, TaEISHAIN Madsiiany UB@@I&Eolyﬁaecmmeisrinaive beleowlerivedr educe
nitrate or nifrit 0 _nitrous oxid i ' - uct. The
utility in thffe%g'gét%d E@W?éo't"ﬁﬁﬁ ﬁ?‘&%éﬁ%p?% @ee%@%%ﬂ%@&%| | as

i nexpensi v& aderivebfrof midroleshave beéegafamndipaieased tsegai(Gantontehgl.

requi rement f i ey kS 894 ) | e TREREEB R tedhhof act
nitrate i s ut ?’P(%ﬂé@ Qﬁgg’égg‘sggér) ?gg}ﬂgéﬁ)?@ﬁhalséﬁé T\aé;ést eBI\?\)/a% er treatnent
syst ems (Koch16@3r4&6d1988Pgri st, Hansruedi Verbandsber. - Verb. Schweiz.

Abwasser - Gewaessefaiiubpbagah@ihgoad i 8R8poly Sebtha i bidsyhtgiymesnahnen
bei Stark Bel asteten Bél,eﬁgng%lalnlg i n= s@t hanot r ophi ¢

en), 33-48). In no
denitrifiers, PEAR ChARRGHIIZAd ?fr%?@é@gg?‘fl\%f\?ﬂ’ aﬁ‘ef@&ﬁ'}ﬁm?i i &irE Nt al yzed
by a serigs obnesdeder MbsB pritemehateis proleabigtinvobled ingrohgmerizationat e t o

Der o, toget hBROA! PO ST A et SEARRHBUTA Rl BB R, Foo""

scope of the ptakdda. Mictobiol.d6n87 188 (18R5))1ThalespM gene eregslingiihsty nitrate
genes) 3. No EPREEpip et toerling ucteii?’i%@% BRI dlom ‘S?’JWQ?Nf trous
oxi de r educt agrermepbilys (Stingate st 8yi/c 8RFipIOlt @:r'@g’l‘fg@(é)ﬁ@ e%ﬂ‘g €5ses is
removal ofsni buRARS pokfsddcamrid®bksort BRitein WZA s iidentifiediloie e, nitrate can
Gue to the. velBIatBS et FheSHEatha b Ao bf Y- danp iy et Ba8T S8 ocess. A
second maj or Bhebdds te PPOV gssteins artedraferade whictstransfers theesigant@and  that is
b on PSR o ol SRLA RS TR S TABRIES,  °F 1 1
oxi dor educt as &fre3RoaNOc02/theMEPHHTT oregbdl., Plasmid 40: 44-49 (1998);
20 Bourgoin,F., et al., Gene 233:151-161 (1999)).
In spite of the abundance of information regarding genes encoding
microbial exopolysaccharides, no genes involved in this pathway have
been isolated or characterized from C1 utilizing organisms, such as
Methylomonas. As noted above, microbial exopolysaccharides have a
25  variety of uses and it would be an advantage to synthesize this material
from an abundant and inexpensive carbon source such as methane.
Surprisingly, the present Methylomonas 16a has been shown to
produce extrapolysaccharides at high levels. The genes encoding the
relevant polysaccharide synthesis pathways have been isolated and
30 characterized and are described along with their gene products in SEQ ID
NO:21-SEQ ID NO:38.
Accordingly, the present invention provides a Methylomonas strain
having the ability to synthesize exopolysaccharides and having genes
encoding the ugp, gumD, wza, epsB, epsM, waak, epsV, gumH and
35  glycosyl transferase proteins associated with microbial polysaccharide
biosynthesis.
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3. NO2 - NO3 (Nitrite oxidase) Nitrification is an oxidative process

generating nitrate in soils whereas denitrification is a reductive process

depl eti ngvanr/eEe® in soils. 5 1t is well known that obli gR€DUR01/26827

met hanot rophi ¢ bacteria belong to the group of nitrifying bacteria. This

is due to the abilpdpitrBicafi®i;"Re pregeneeofgdenidicalioh amzymesdombligateal |

obl i gate net hanotrophs, to o enat i . mne in a

reaction iderﬁ’f‘?@‘é‘mﬁBp'ﬂ?}ﬁu %%ﬁ?eas%ﬁ%%tgﬂecﬁ%{sﬂhgﬁ aﬁ%‘%@ to

met hane oxygevatprised of gwemarﬂtgm\mmnodmotsmseseigaﬂbﬂyﬁﬁﬁﬁ K NQ3PREQf ur t her

met abol | zed_ qRzyERAq CAloyel Raflirb'dr e prddeht Ml sifdAbl aBatio t1e biftye can
cal'l'y ‘or y

occur enzynat spontaneous nar via chem cgé .0xi dat i on.

However mét hdnotiiiize g nitregen spurae @ Iew BX¥gen fengiansas 3 addiienak eq with
deniht rifi Cathi“%léc@r)bgvéiﬁﬁ”%r Rldut 'éqtﬁ@éli@ﬁisaiérﬁr@d\ﬂdm mefeané oi Methandlact eri a
such as Hyphom crobi um species (Amaral, J. A .1 C a C S R

R chards, R N OHPB SOHTRE, MRERS % DU PES B@'m@%ﬁ%gﬁﬂ%%gﬁ?’zgg), The
respiratory MRaRsaEa ahesdinirogen afbeestrmireis stiown tecredtice mittate or &t i on of
nitrate or nitrite for..cell. r L m Y e R i y
process is erfr RF%? 8?“8%%'%1%%9%%%& %&g ? &du‘l:'g_s-srp%ﬁ la C;P;ﬁa cgégééés%r

provi des 10i t riedieat riivate invenpsolabless wall 8s depinenaiveriskuseof Rikatessi il atory
process relies; ihel ' ' ' b hicahtiring dRisbliviede

reduct ases. %g@?%ngg%@gtgrgmgg‘?@yggam%gﬁtnﬁtur,e i lncl%di n .&dah .

met hanot r ophi @yggatiathe pragesst i EﬁCt’n%rﬁ?n‘étLF'gﬁia%ﬁmrﬁclcfaﬁ?%wé’g(' fﬁéﬁl e

ni trogen sourgemé Qfadie AeNa thegiment systehls (KoehnGerhartieSiegrist, iHepsruedir ﬁt ure
(Hanson R'S. A l. rusqy, Tsujl,, 1992, j trophic 25
bacteria Met h\/ﬁ@@&ﬁ%b@f- '%{hﬁmﬂgéb‘gﬂﬁs%%a%g%%gbGHZWQ
Prokaryotiess 2fidosy. 52h(QimiBrur2datasBaBmen bebstarkSelastatenTr uper, M

Dwor ki n, W r der - | gkt eds. Springer Verlag). The functionality
of the genesl_gggg’rupgg@wﬁgé'@i’ §3'(@{%Q ID NGO 39-SEQ. ID NO60) lie in the
respiratory reductinomomethaneitaphis denitrifiers the NYSIODiR) PragsesRIMOVA) PS genes
required to pq%,fgggfgtlaﬂg,ggi/éscsggg@géa 9y dseders hz?ﬁ@&'wﬁi@hb@gethéesent in

Met hyl onbnas ) uence anal%‘%a z%n %hﬁ%’gltoal cal, reduction of
ni trogen cont EackicHyely SopYeNH Hiratady 0ese PItiqgeny NSRRI ng enzynes
necessar yof or inkdyenddiigies an sepivebs 9 as ehowmtisiow, togetheriwiihctheienmzynwr e al so
present. 35 The advantages,to the pr f i I EELE | ion
capability i nngwes(ﬁﬂqt eed?ﬁéQ?R:tl?S{grcgeﬁﬁggﬁé%895‘%183%*%6@?\?%&?%}’@@%3 VO

02/ 20728 PCT/ ti56¥id@e8an. 1. Nitrate may replace or suppl enent oxygen as an
el ectron acceptor needed for growth. This can be advantageous for

1. NO3 > NO, Respiratory nitrate reductase (Nar genes).
25 2. NO, -> NO Respiratory nitrite reductase (Nir genes)

3. NO -> N,O Nitric oxide reductase (Nor genes)

4. N,O - N, Nitrous oxide reductase (Nos genes)

Ecologically, the result of these processes is removal of nitrogen
30  from soils (denitrification). However, nitrate can also be viewed as a
supplemental or alternative oxidant to oxygen. This is due to the very
positive redox potential of the denitfification process.
A second major microbial process is referred to as nitrification and
that is comprised of the following set of reactions, enzymes and genes.
35
1.NH; > NH,OH Ammonia monooxygenase (amo genes)
2. NH,OH - NO, (Hydroxylamine oxidoreductase )
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| arge scal e cost-effective cultivation with highly reduced feedstocks that
require, excessive oxygen demand | eading to 5 excessive costs for

mass- t r angioar/20f289aseous oxygen into solution. 2. Mt hangigmogmanges27
denitrification nmay be used to renove soluble nitrates fromwaters or

processes where nigr S O han., . ed nitrogen derivatives are’
probl ematic. 10 Dué‘ Wﬁt hééﬁi’\% f‘i@ﬂtgi@%&%i ononas l1l6a to convert anmoni a
to nitrite conbined with the ability to convert nitrite to nitrous oxide

denmonstrated in th it@l{icﬁ?ﬁ)ﬂtis bﬁ;&é}jeééﬁ,%grygégyég@ Abata Hssiisher

met hanot r ophs whi c 1Cclent nitrite cap be used .asé\wﬁgents to
remove anmoni Wheress genicifsatiomise edugtive Brogess depleling Muyaiedn ers or 15
agric]gilturs’vll eff'lﬁﬁ{i@ﬁieil%oiivigﬁth%tﬂ@ﬁ@ol@fm@thaaﬁtrwriabdctwbd)élﬁmg:mti@n Gene
Transfer into Methyl gnpnas, 16a . t. no 164. een shown to accept
and express ggiR® ‘?fdi*‘ir’iﬂ?\ti@%gﬁc"@ir'@am?ré (?%{]Oﬁg‘?r?g’ﬂ'%gﬁwg ¥ a coli and
yeast. Sever amdploasigshasectisics idfoundhiaat dhdigate rhstrdinotthpbs té axygenaiee bot h

t f f .a,d ' d : y
Vot hyl omonas. 3ERTONALS HTEh RN TAA T Ea BRI cePtihat BE afffshia"
Producti on of nfemedxpgehdseeahdSahaibgatsto methdne oxygeaptior ta tareumetanalhe
resent h n St.r-al bilA ; i I
b otet ns. ol JRECNRTN R Gt Rithel RiaBblcetierprpreatid e D2 Y, o
engi neer ed t oNiiriteloxidationute WU@F@CQ%PP@#’@WYWGE‘W Of %éﬂ“t%'i‘%‘b‘g%( NBfpri si ng
speci fic quantjy ifsmisActoaesiorewat Méﬂmnoﬁb'ﬁi;'&%téﬁﬁ Ravebsen Thi s
| C

xampl o, i 1 it asbagaied vl AEDTHTFEHeY Ry He/S el FaraqetoRuit™ e 0!

nut [) i th i gna| I gaHitifgMg Bactéin sedtas ¢fyphbmicrebatm speges famaraind.fof protein to
car bohydr af e. n ar.pi us,. i ' e i ] have

very hi gh?%r O%N&ﬁmgwprc\é%ﬁt E'%ﬁ%’n‘gh{(hwl\(/%gﬁ;ggk%gy?%gﬁggjﬁéﬁﬁand,
thrive on hi giien/dgytks 28%2B8hy tharespiiatery proeedsgs siesatked 8ROVRAEE he
capacity to f 3 ioff 1G] aAgar 6Ssikflaflof OMHEt | ons,
35 in additioﬁf%b%%ﬁgggﬁﬁ a@'ogr%fﬁg{r%%%?g@ffsorgl wa : prl ducgd, Genes

i nvol ved in gf@fﬁlﬁfé@@@i‘ﬁi@iysprpgﬁﬁ@g@iﬁrgbb’i?éqm%i’i‘ﬁh%?a%ﬁ\%@ €h degradation

m ght be al t epgdinQfatd g#b@é BVRlestri@dgar 168 dgnpoatibe itocelilir endsser be 34
WO 02/ 20728 P /USO:L/%‘827 ecre

R
(1 owver nitrite reductases. These enzymes are widely found in nature including the
methanotrophic bacteria. Growth of methanotrophs on nitrate as a sole
nitrogen source for biosynthesis is well known in the existing literature
(Hanson R.S. A.l. Netrusov, K. Tsuji. 1992. The obligate methanotrophic
25  bacteria Methylococcus, Methylomonas, and Methylosinus. In: The
Prokaryotes 2Md ed. Ch 18. Pp 2350-2363, A. Balows, H.G. Truper, M.
Dworkin, W. Harder, K-H Schleifer eds. Springer Verlag).
The functionality of the genes described herein (SEQ 1D NO:39-SEQ
ID NO:60) lie in the respiratory reduction of nitrate or nitrite to gaseous
30  N,O. All genes required to performi this function have been shown to be
present in Methylomonas 16a both by sequence analysis and physiological
reduction of nitrogen containing compounds. Additionally the genes
encoding enzymes necessary for the biotransformation of ammonia
(nitrification) are also present. :
35 The advantages to the presence of this denitrification capability in an
obligate methanotroph are at least two fold:
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carbohydrate) or alternatively, higher carbohydrate |ower protein feed

mar kets. The ability to engi neer the conposition of the m crobe precludes 5
the needwoozedegicially formul ate protein/carbohydrate rRETOSOIRF8EX0gENOUS
additions. Carotenoid pignents play a role in terns of providing coloration

for many aquatic ffi Swﬁgﬁ% rﬁé%?%ﬁ\%@é‘@r §9§ﬂeﬁ§enﬂé ri af8nRi&dtich ng

anti oxi dant benefi't een (# Agé) %ait eriol.
70: 181-191). 10 Met hy R&aeRieE needed fa1 arRWihg 9‘358 - APANt9IERYS 1°
net hanot rophs (i . e. Eexécaeo@dst%f@aﬂwbmmbmsh highdy radilcedar ot enoi d

. ducti g
That i's Similar °But R iotebRL G FERR0E B G amendeplin & DT
car ot enoi @s as ast axawrixbéessive hbstsffocmase-rhraml‘sfeﬂﬂfgaﬁa@lﬂﬁ/\awgﬁn @i tion of

genes involved in thes]:)hﬂi%h steps 15 of astaxanthin synthesis or other high

val ue carotenoids wll'result in the ability of this strain to produce
t hese car ot enoi ds.2.1 n Methanespphivedenirsaticsmey Papsad tl?er%mﬁ\(ﬁﬁ?@biﬁsef ul as

an ani mal feed prOdUCtrit?étesf’rtforn%‘W&tér@ d’fﬂir@&éés@@ Wlﬁré@tﬁrﬂée or other
pr ot ei n/ car bohydrat e/ pignments may be tail qred Bﬂ,’ﬁl ﬁal‘tl cul ar

nutritional needs. |noXNgenalgyd NIvRESN Ak ‘é{gsﬁﬁ%‘/p tilized as a way to
deliver higgher valpige &PRROSSIRY %ftMeﬂWTtﬁ’rhoﬁawﬂmm obnvept ammgmiatei n or

car bohydrate angd thu ent bl e i neering of
these plants @'ﬁ&ePﬂ@ %‘é’ﬁ%@ HBI‘ {]yr Iqo Veﬁﬁ“ﬁ%d@’ IJ(i)\ﬁt"rranl atl ng genetic
pat hways are danomstrated imtld prelsenWmvemIQméW@thylpngmaec’t%a erin a
particul ar pat hﬁ%ﬁ‘l‘)@%hgcome&%@mgqﬁ%&m nHROWUR] 84 a gnt\,g%l ety of

net hods. Addi'l e organi sm Wy
el i mi nat ed orresubie; aratr@mnaaﬁrorrgérn@eats W@,wgs‘rgﬁ/@t@ﬁnqr&atlﬂr ﬁf‘%{ﬁ& ‘Once a

key genet 5C %ﬁr‘i&@t&ré?%?ﬂd%‘?ﬁé‘fdr%@tﬁuhﬁ@é @f@b@ﬁ@p‘@ﬂ@%toﬁﬁ@ﬂld‘n c genes may

be upregu at to 1Lncrease the ou
additional |y copi €8€a& Tia fer 4 z Afray QGWW%gggﬁ(%bﬂ?@st he host

cel I on nul tis&systdvas déc@l@hd@( B&ﬁ@@qesﬂﬂotmrcﬂhen organismhimcludingiet genes
may be nodifi

d d h f
Uhar o it 1S dESTIUISEER S UPany o e ol a8 o iR et Bro- |
cycl e or duriwpica féahﬂa@bathgﬂnetransfeegotraa ddnarroligadisen Bne exBrgssintbt ers nay
used to r natﬁgﬁge(@fenga}ﬁ'l\)f&h fo%a%”ég S fh%rﬁn%tm H%eagélé%émf'% in sonme

cases th 0 en pronoter f| ed to I ncrease gene
expressi on. Fengiaselieg e, endogenous 35 V\D 02/ 20728 PCT/ US01/ 26827

pronoters can be apfRfiRtdoh bf Fo¥@ P FBEPSUIPstiatéel et i on, and/ or substitution
(see, Kmee, US. Ilf,%lﬁr)]cte aT;))preCIateg hatztﬁe pregenef Mgljhylom %T %a%t?é?’lﬁ%%)s'
the ability to produce, not only proteins, polysaccharides and pigments
25  individually, but may also be engineered to produce a uniquely tailored
food or feed product comprising specific quantities and desirable mixtures
of these materials. This characteristic of the present strain has significant
commercial value.
For example, different livestock animal types may have different
30  nutritional requirem‘ents in terms of the relative proportions of protein to
carbohydrate. Many carnivorous aquatic fish species, for example, have
very high protein requirements. Ruminant livestock ,on the other hand,
thrive on higher fiber/carbohydrate diets. Methylomonas 16a has the
capacity to form large amounts of carbohydrate, under certain conditions,
35  in addition to the cellular protein which is always produced. Genes
involved in gluconeogenesis (glycogen formation) or glycogen degradation
might be altered or regulated such that glycogen content could either be
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Alternatively it may be necessary to reduce or elimnate the expression of
certain genes in the target pathway or in conpeting 5 pathways that my

serve as ¢@pPeHt:RBg si nks for energy or carbon. Methods ofpcdowvdspegul ati ng
genes for this purpose have been explored. Were sequence of the gene to be

Fegul at ton | sdraPase i breAshes rTiRls R <cRfdRl r@t"ﬁg@%ﬁ“?ﬁﬁ?ﬁggwed i nto
g st Luctural gﬁﬂébeonadulatedjioshacgﬁtmpmﬁcfﬁ!@(bm%lﬁ? sflpwercan be ef fect ed
t t t t d
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RGN e S MK T W g&yu%%i%Fs%iSZS For
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ethods of manipulating genetic pathway are common an weII
known in the art. Selected genes in a particular pathway may be
25  upregulated or down regulated by variety of methods. Additionally,
competing pathways in the organism may be eliminated or sublimated by
gene disruption and similar techniques.
Once a key genetic pathway has been identified and sequenced
specific genes may be upregulated to increase the output of the pathway.
30 For example, additionally copies of the targeted genes may be introduced
into the host cell on multicopy plasmids such as pBR322. Alternatively, the
target genes may be modified so as to be under the control of non-native
promoters. Where it is desired that a pathway operate at a particular point
in a cell cycle or during a fermentation run, regulated or inducible
35 promoters may used to replace the native promoter of the target gene.
Similarly, in some cases the native or endogenous promoter may be

modified to increase gene expression. For example, endogenous
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for creating nmutants using radiation or chem cal agents are well
docunented in the art. See for exanple Thomas D. Brock in 5 Biotechnol ogy:

A Text boow(m‘z/zk)MUst rial M crobiology, Second Edition (19%%)usoinesier
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This construct is then introduced into the host cell and the antisense strand

of RNA is produced. Antisense RNA inhibits gene expression by

25  preventing the accumulation of MRNA which encodes the protein of
interest. The person skilled in the art will know that special considerations
are associated with the use of antisense technologies in order to reduce
expression of particular genes. For example, the proper level of
expression of antisense genes may require the use of different chimeric

30 genes utilizing different regulatory elements known to the skilled artisan.

Although targeted gene disruption and antisense technology offer

effective means of down regulating genes where the sequence is known,
other less specific methodologies have been developed that are not
sequence based. For example, cells may be exposed to a UV radiation

35  and then screened for the desired phenotype. Mutagenesis with chemical
agents is also effective for generatihg mutants and commonly used
substances include chemicals that affect nonreplicating DNA such as
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al dol ase of the Enbden- Meyerhof system (SEQ ID NO5 OR 7). In this fashion
the carbon flux in the present Methyl ononas 16a may be 5 optim zed.
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phosphat e) nedi ate t he ' o s thi o esired to
produce a specifi ﬁ%@ﬁ%PBH&ﬁ’%@S?@%‘ar@%tﬁgpg% :dl’s‘ﬂr%’e}ortfg tgésdlsréadgl e to disrupt
20 various gemmspasoable eloments enliarRspPSONS t ﬁ@%ﬁ@ﬂ??rq:g{a"%%rrpl e, it may
be desirape @midhss Qﬁ?gqégfﬁﬁ%hﬂ\?in%NNBdt%%ﬂ% aRB} Rithibesd of thidie crtN

|

gene (known t0 encode apop [, Upstream

) yt oene dehydrogengse), if a sna|l
terpenoid i s bams a&quﬁf@oﬁﬁierr@ﬂewﬂ“@%gﬁ .ﬁ'o has,QCHEE 'n%

?®d, the
present straip Jasahdién afdid trdnspositiphetetbbds ke kobweaEoiiametbsds imvblvege

qene.  gunD ariieRGara rpRes e Beleter R i eomB g BE e BanphiRe oo O,
this pathway énzymy. Weherd thestransposablei elpoenbockanspanen: isgennieded nethespB
Phe_epov bone® FER SERIEFAS A B LRspnEe Eie PandiaBe eor o char i de
i nt er medi at estranspasaible elesergiwvil FRNdandy dinerkiniaihe nlgcﬁelg agf r@irpeg ‘rain may
B a1y BRI Ao reomaiiganse ahdmgiskolaonsos |
and feed pr odﬁief’g t’%dmfgaénﬁrﬁéy b?é@%ﬂt 'esmﬂg‘i&%&}"f“?ﬁ éP{h&ﬁ%ﬁ;gr@ﬁa%p |ff ned in
the fol | owi ngthexpamEpesable elestemtil Kitbéonindératrenspasitan aleesammeigiplies, whil e
e o 2SR 5 O AR e e e e
di scussi on anﬁonmg@(irEémpl ApplieshBioskstemsy Brangurg, flJ.based upon the
yeast Ty1 element; The Genome Priming System, available from New
England Biolabs, Beverly, MA; based upon the bacterial transposon n7;
and the EZ::TN Transposon Insertion Systems, available from Epicentre
25  Technologies, Madison, WI, based upon the Tn5 bacterial transposable
element.
Within the context of the present invention it may be useful to
modulate the expression of the identified biosynthetic pathways. For
example, it has been noted that the present Methylomonas 16a comprises
30 genes encoding both the Entner-Douderoff and Embden-Meyerhof carbon
flux pathways. Because the Embden-Meyerhof pathway is more energy
efficient it may be desirable to over-express the genes in this pathway.
Additionally, it is likely that the Entner-Douderoff pathway is a competitive
pathway and inhibition of this pathway may lead to increased energy
35 efficiency in the Embden-Meyerhof system. This might be accomplished
by selectively using the above described methods of gene down regulation
on the sequence encoding the keto-deoxy phosphogluconate aldolase
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ascertain the essential characteristics of this invention, and w thout
departing fromthe spirit and scope thereof, can nake various changes and 5
nodi f i cat w@®/20f28t he i nvention to adapt it to various usages/esnd 6827
conditions. GENERAL METHODS St andard recorrbi nant DNA and nol ecul ar cl oni ng

t echni ques us
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Manual of Met hO(cjiS %B ralI Bacteriology (Phillipp Gerhardt, R G E
Murray, Ral phY!RlASES WaEugene W Nester, WIlis A Wod, Noel R

Krieg and G Briggs a E’immldrlfashlomﬂ@ geresenaasingsts kayenzmes ovelediingy

vashi ngt ot Dewplehi bl pisierRuTRRERING b ARdiafeckl mashRhEa A Text book

of | ndust Si nauer oci ates, Inc.
Sunder | and, l\mesemtawpntw prqveféﬁf@ﬂgmbﬁégf geRes 6%0%'29/???@% eRANTRRIRr i al

used for the gﬂﬁverwbaalﬁgaewe gll‘rod@@ﬂbﬁrolfpl greenth andesnealtzt ai ned
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Cul tivation aBtafv@parcedules (fyraaste aﬁdsf-b’bﬁbiebﬁée gseuP, d:-gbEerRldNYdal yses.
Methyl omonas 46,4 ﬁhtaY@'t)@lébﬂttﬁé%ran%%HHBU%HC(Wﬂd%@x bsa5-35 bottles

using a gas/lrquid'rati I d
nedi g) mgdl a Pth%PhM@hm%“%%‘ﬂ by éhg %%a%ﬁ% @?Eﬂ?&ﬁvgk/c 'Vﬁé’&[s EH') qg:c 160
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e ko 0 0y PRSI,
cases t he cul bedesirabledtogrsevgene disruption or antisense lnhlbmon of e crtN gene
(known to encode diapophytoene dehydrogenase) if a smaller, upstream
terpenoid is the desired product of the pathway.
As has been noted, the present strain has the ability to product
25  polysaccharides in large émounts. This process is governed by a set of
genes including the ugp gene, gum'D and H genes, the epsB, M, and V
genes and the waaD gene. In this pathway it may be of particular
importance to up-regulate the espB gene involved in polymerization and/or
export of the polysaccharide, or the epsV gene which controls the transfer
30 of sugar to polysaccharide intermediates.
In this fashion the present strain, or a similar strain may be
engineered to produce specific corhpositions of materials or specific
combinations of protein, polysaccharides and pigments for use as a food

and feed product.
35 EXAMPLES

The present invention is further defined in the following Examples. It
should be understood that these Examples, while indicating preferred
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at 30C with constant shaking in a Lab-Line rotary shaker unless otherw se

specified. 5 Cells obtained for experinental purposes were allowed to grow
to maxi woopptregal density (O D 660 - 1.0). Harvested cRCT/@Stea68270bt ai ned
by centrifugation in a Sorval RC-5B centrifuge using a SS-34 rotor at 6000

rpmfor 20 me?nqﬂﬁr%%tscs% theRfldrifoh, URI GveR BYRANGRilustmatih orhj. FERES buffer

pH 7. These cell sus ons ar

t I
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spect r ophot o r.. (Phar |ot ech
li ght path c[;f?@?rtm r@%n%ﬁs\pgf fn%st,cpgﬁgﬁg%a d(%?’hrﬁ\%géseggé%ésjgﬂé%& arvestl ng
15 cells fsrornubdnﬁcamdnsmfethemwmbyoadapmtmwowwe@e@dﬂp ‘Cﬁb"ove and

resuspendi ng R ﬂ b?stl |led water with a second centrifugation to
renove nediu cells were then drjed at F11050C ov rni ght
in a drying oven fStandaid W@Dm’ﬂtlnaiétm\’%ﬁétm@ﬁcu%ﬁmw% E'QH?Fé‘tS? n was

determ ned as 'aPrﬁ#e@é(reE\WBﬂ RAGwN ?rptlﬁar@bnd(aléaésﬁfbed B¢ SamkgobikoL

31: 732-734) i eg& d b

Met hyl ononas Jlﬁﬁ(‘tﬁphr ﬁt &t e'aﬁ’é)é Me ”z%cf@ﬂg’@ 2@9'%86%2(#'%%4&’2”6, def i ned

gg?l)yvmor 0as G@lﬁr&pm@HefbmaraltbOtaodert&Gsmom«ﬂ Spiring Harbat, i(4989) as i ndi cat ed
ere p t

bl ori de. 5o (IR LT el eB?ﬁﬁ%ﬁ?ﬁr??%ﬁ?’rE’t‘éQ Sk ook o0l uti on

of trace ni rEx@rmeWAMﬂnGene(ﬁﬁWr@p@PU Riing Hapkerd:akoralery Q@g 1 66.9

i243200£7291 WH%E@OA&IWQ@%@&IQ@% AUSeBER FX MR @1.188irBht Protbedls3n MC12

H3BCB 61. 83 d\/’%?CGIQFlB'ONQZNB@ 5 by GG ‘33'%2'3’119 igolcgﬁﬂé Wioo 02/ 20726
PCT/ US01/12682hterbbichde 19810 237.7 0.77 0.184
Materials and methods suitable for the maintenance and growth of
bacterial cultures are well known in.the art. Techniques suitable for use in
the following examples may be found as set out in Manual of Methods for
General Bacteriology (Phillipp Gerhardt, R. G. E. Murray, Ralph N.

20 Costilow, Eugene W. Nester, Willis A. Wood, Noel R. Krieg and G. Briggs
Phillips, eds), American Society for Microbiology, Washington, DC. (1994))
or by Thomas D. Brock in Biotechnology: A Textbook of Industrial
Microbiology, Second Edition, Sinauer’Associates, Inc., Sunderland, MA
(1989). All reagents, restriction enzymes and materials used for the growth

25 and maintenance of bacterial cells were obtained from Aldrich Chemicals
(Milwaukee, WI), DIFCO Laboratories (Detroit, M), GIBCO/BRL
(Gaithersburg, MD), or Sigma Chemical Company (St. Louis, MO) unless
otherwise specified.

The meaning of abbreviations is as follows: “h” means hour(s),

30 “min” means minute(s), ‘sec” means second(s), “d” means day(s), “mL”
means milliliters, “L” means liters.

Microbial Cultivation and Preparation of Cell Suspensions, and associated
analyses.
Methylomonas 16a is typically grown in serum stoppered Wheaton

35  bottles using a gas/liquid ratio of atleast 8:1 (i.e. 20 mL of Nitrate liquid
media) media in a Wheaton bottle (Wheaton Scientific, Wheaton IL) of
160 mL total volume. The standard gas phase for cultivation contained
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M x the gram anounts designated above in 900 nL of H2O, adjust to pH=7,
and add H2O to an end volume of | L. Keep refrigerated. 5 Nitrate liquid
medi um MOGzo28 (nmV) g per L NaNO3 84.99 10 0.85 KH2PeET/US®/168273. 67 0.5
Na2SO4 142.04 3.52 0.5 Md 2 x 6H20 203.3 0.98 0.2 CaCl2 x 2H20 147.02

0,68 0.1 | MoEPER A 122 3pdo0BoiioRebainbge rchnondBichsainganen 900

H20. Adj ust d togive 1 |. For, agar, plates: Add 15 of
agar ose in 1cellparerefeuny taas growing cellgt lr&atﬁpa%%ﬁme?%“%lg?f WeiRHIRWN ang

pour plates. a't\'bbbgtvﬁuae&q%ﬁtréﬁa«kir@sm@aume oty stmkef unlebs othdrvisee wer e
taken and filtered through a 0.2 mcron Acrodisc filter to renove cells.

The fi ItrateSP%'ﬁ'ﬁE’h! s step 15 contains the nitrite or nitrate to be
anal yzed. 5 The analgglissomametidsif expegithental purposeeweioall@iedtmgieyt ph 500

system (Di onex, .S I W AS3R0

wae o o | SRepRRERRe dEnbinh o 680 LT hionea TRl BBt e
and an ATC t typeertfifugation A & Soovalm{s-58 eenifitgedisindg SH-6hR10T 80 The nobi | e
phase was a WS@E&J%BFWWI%Q@&FW%&M{E Fé§u@pel5@edTM PORAESI um

low rate of HERESHUerathé. THEFaePbAUSRRNSENS 8 E1TISH AP HoRURBer of -
?ES%SNZ?EQFLEEE%E%E'CTihggnt | fy: ng engyme; were 25 isolated and sequenced
B B e L T
Eogg B\r/vg%bi geg&ﬁ)tti@ab@eihed’g of thle culturiefat &60i ron in patUitlegpeq20RE Udi¥isdi ng an
synthesi s of Broiop)eEREF [rndRiepRERRtea SR R SERMNIPISTES L 26827
wer e sequencdighbpatif onati ditamajivelyaniseeiaial Q@&’%)‘?’%&?&&F?%‘%ﬁygﬁ”{eﬁ g
{jgts DSCt I ig S%gﬁﬁﬁﬁ the chiirRBdiLAbY BermtRlgation we! ddseribed @bavel apdot ei n
abases ac Crce)rsulsggnéir?g Erpeecélf)sl iln%\{gtmgd %‘%89 With 3second centrifugation to
remove medium salts. The washed cells were then dried at 105°C
overnight in a drying oven for dry weight determination.
Methane concentration was determined as described by Emptage
20 et al. (1997 Env. Sci. Technol. 31:732-734), hereby incorporated by
reference. :
Nitrate medium for Methylomonas 16A
Nitrate liquid medium, also referred to herein as “defined medium”
was comprised of various salts mixed with solution 1 as indicated below or
25  where specified the nitrate was replaced with 15 mM ammonium chloride.
Solution 1 Composition for 100 fold concentrated stock solution of
trace minerals.

Mw Cone.

(mM) gperlL
Nitriloacetic acid | 191.1 66.9 12.8
CuCl, x 2H,0 170.48 0.15 0.0254
FeCl, x 4H,0 198.81 1.5 0.3
MnCl, x 4H,0 197.91 0.5 0.1
CoCl, x 6H,0 237.9 1.31 0.312
ZnCl, 136.29 0.73 0.1
HaBO3 61.83 0.16 0.01
Na,MoOy4 x 241.95 0.04 0.01
2H,0
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Genom ¢ DNA was isolated from Met hyl ononas 16a according to 5 standard
protocols. Genomc DNA and library construction were prepared according to
publ i shedwiy @i0e8! s (Fraser et al The Mninmal Gene Conpl e@anisophes27

Mycopl asma genitaliunm Science 270, 1995). A cell pellet was resuspended
in a solution,contain.ng 1 Na- EDT; H 8. mMtris-HCI pH 8.0, 400
nmvl NaCl , andrh\}s'g: B 2. ige’ nom c ?prepg)r'gﬁ)on After resuspension,
the cells were_ gently lvysed in 100 SOS and incubated for 30 min at 55C
After incubation at roomtenperature, proteinase K was added to 100 g/ nL
and incubated at 3¢k tBlgrimidiRosnts pRsrmatedasows 900 MilofitdsO eadjusict ed

twice with t rtbﬁ)l-f;'%ﬁ%i)e{er{dﬁ%ﬁ) ﬁgo Q%Oém{i{)giuhw &1 Wi mef)hbﬂrgﬁrﬁﬂém DNA was 15

precipitated 1 resuspended in a solution containing 10 nM
tris-HCl and 1 nM Na-EDTA (TE) pH 7.5. The DNA solution was treated with a
m x of RNAaseNitrateAquidypedie®ed twice with tris- equi librated phenol and
twce with chloroform This was followed by precipitation in ethanol and
resuspension in TE. 20 Libramoaconstr@ohcon 200 to 500 g of chronpsonal DNA
was resuspended in a solutijon of 300/pM)sodi ypacetate, 10 mMMtris-HC, 1
mM Na- EDTA, and 30% gl ycerol}, and sheared at psi for 60 sec in an

Aer om st DomndLai_L—NebuH—z—e;—eha-nﬂbei——Wroducts, Chi cago, IL).
The DNA was pNedQs tated, res@4f¥nded8nd tre&®Y with Bal31 25 nucl ease.
After size friebPOnation, a|fi380Q9 on (266 kb, 0% 5.0 kb) was exci sed,

cl eaned and aNay®Ogtep |i gatife2.0¢ oceddse was 0%sed to produce a high titer

library with gy QrG an 99%psingl e i p®erts. g3equenci ng A shotgun

sequenci ng st gy oac Wf—? dopt g for ¢ he sequencing of the whole
m crobi al gen ?e?schrrarn %e §(§ et al Whol e- Genonme Random

sequenci ng and assenbl y of Haermghl lus influ ag Rd Science, 269: 1995).
Sequence was gehEIERRR (R 7an 2883 Aut omat i ¢ segbz er using dye term nator
t echnol ogy (USoEIBIGﬁSIGO EP 372007) using a contiMbtion of vector and
insert-speciftic primers. Sequence editing erformed in 35 either

DNASt ar ( DNA Bissaivelimg00 L YpOit Adushtosd s a@iﬂzgﬁ%g‘\’*’ah{- (W sconsi n Package
Ver si on 9.0, Eiﬁ@an@es()amptﬂ:gemfa@rosapm(1G@@medlumzamlaaeﬂ%@}wgo@ﬂp/ﬂg%l/ 26827
Madi son, W) aixdandmeud@NSED package (version 7.0). Al sequences represent
coverage at least two tinmes in both directions. Mcroarray of gene

expression Anplification.of regions for the constructi on of DNA
P anltrate and ﬁltrlte Assavs 9

1 mL samples of cell culture were taken and filtered through a
0.2 micron Acrodisc filter to remove cells. The filtrate from this step
15 contains the nitrite or nitrate to be analyzed. The analysis was performed
on a Dionex ion chromatograph 500 system (Dionex, Sunnyvale CA) with
an AS3500 autosampler. The column used was a 4 mm lon-Pac AS11-HC
separation column with an AG-AC guard column and an ATC trap column.
All columns are provided by Dionex.
20 The mobile phase was a potassium hydroxide gradient from O to
50 mM potassium hydroxide over a 12 min time interval. Cell temperature
was 35°C with a flow rate of 1 mL/min.
Gene Isolation and Characterization
A number of genes encoding specific identifying enzymes were
25 isolated and sequenced from Methylomonas 16a. These include
distinguishing genes found in the Entner-Douderoff carbon flux pathway the
Embden-Meyerhof carbon flux pathway, genes encoding a denitrification
pathway, genes encoding an isoprenoid synthesis pathway, and genes
encoding a pathway for the synthesis of exopolysaccharides. These genes
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5 mcroarray: Specific prinmer pairs were used to anplify each protein

speci fying ORF of Methylonobnas sp. strain 16a. Genom c DNA (10 30 ng) was

used as tWe ¢@220msat e. The PCR reactions were perforned inpdigsoppreaence of
Hot Start TagTM DNA pol ymerase (Q agen, Val enci a, CA) and the dNTPs (G bco
BRL Life Science Technol ogi es, Galthersber OCT‘%"F Thirt -éi ve cycles of
denat urati on vmre%QUEocedBenééwWCt'@lﬁ\ﬁ&hPhW@C “Zggéy Pay t

pol yneri zati qgg ;ﬂé &%&e‘:ﬁz@léﬂge d“lnY&h%ti%ﬁnﬁl%QbmﬂnuJ lbie adiﬂlahdtwotefn PCR

reactions was_ c CtrPoﬁ)l resis |nda 1% argarose gel. The DNA
sanpl es were Clﬂj@ti’qsie@oﬁwr@ﬂﬁtw AVBIRBGEAUBER purification kit from
Q agen. 15 Arrayi r@erﬁmiclmNAdeéslatBﬂefmneNMhmnagas afia eggardingdtune of

DMSO (10 pL d

olates ASgerraiaprpoteR GRS OXRR L iidr riblfbh Wolk bréfardar

was used to aadcaydmgeo pahhﬂi‘@d mnt@odﬁ)ﬁf@%ﬁrgﬁt@é§h§IM@E§al(%P%chem

Sunnyval e, F%%lﬂsi U\I}P“f n@ém@,ngc,é,ﬁbéjym |1%¢ Pncetisdlle?0 sl i de.
|

After cross- I|nk

r f vacuum in a
desi ccat or atWa%(ﬁ*ﬁLtséﬁ’ﬁ@@%t"lﬁéomﬁm qo@kﬂ"&'f‘gé\r&) "NMS T%é’?%@a was
cultured in aq@a ARAHONBH 8.0) KO0 nMNaC and 60 thMgC&(lO m) as nitrogen

source u 25% th I | t
were harvdet ed 25 GRASIERANA @ebaraIBIEARS: BleybBEnhf BB colEterd) € ULe LY
Cel | cul t ur esgawtlydysethin/E3% D Guand incubatedrfiapBanaia atws Ad’tﬁff er [Q agen
R\easy M ni 'ﬁhfsvb?t\(ﬁl %%b?ht (Herttrb, groRfinsss I’Q%}seédd&lw 0 st a, CA).

Debris was ﬁatlon for G’i @1&1\8% %(tat 4

i sol ati on m@niwba@cﬁt@ ﬁdv"it @%?%R%@IO%W%%Pe@& wag;extigeied a¢ t er
on- col urfp 30 tlmé@mmw@@hnmatate@ bﬁeﬁbwarmmwwltmmbfmm RNBhEE- 1030%:
RNAase- free. 0 store or

Synt hesi slf ?r%ﬁ’ﬂ@%&g‘ﬁtw ,ﬂnfid{ag‘ﬂsﬁﬁ{fgeam lﬁrgn&ﬁt?' 15 g) and
random hexanet0 paVi tes-51Ql @ngd; 1 @M)Na BRIAL(TE p"sb?énc'ﬁ’le é@hﬁ@”b@f’é@ﬁ wer e
diluted with e was
denat ured at E%%@?% lﬁg%r#%tf%\ld&% ﬁ%ﬁ%raﬁﬁ%@n@y%eewﬁﬁr%}@uzcondg After
addi ng 14 pL phencliseritwipeniith ghlorofora. diviewP heflanad DypERFIHIIIORD by

i ncubation at o ,aAR) 4IRYUBpEASICh @ TED mi n. The | abeling 43 WO 02/ 20728

T e m T LS cSoR LA ol 590 SIS B B TOT (%L
dATP, dGIP, arebuepdmiedinndvsdiGlien ofiB60 midodiuntp@ettFPl GmMyms-HELP.  Aft er
adding 1 to 1,3 ANQEDHRRCEOR g derbl MRl SRehf'SCI2 PEIFERE0 sec in an
Aeromist Downdraft Nebulizer chamber (1Bl Medical products, Chicago,
IL). The DNA was precipitated, resuspended and treated with Bai31
725  nuclease. After size fractionation, a fraction (2.0 kb, or 5.0 kb) was
excised, cleaned and a two-step ligation procedure was used to produce a
high titer library with greater than 99% single inserts.
Sequencing A shotgun sequencing strategy approach was adopted
for the sequencing of the whole microbial genome (Fleischmann, Robert
30 et al Whole-Genome Random sequencing and assembly of Haemophilus
influenzae Rd Science , 269: 1995).
Sequence was generated on an ABl Automatic sequencer using
dye terminator technology (US 5366860; EP 272007) using a combination
of vector and insert-specific primers. Sequence editing was performed in
35  either DNAStar (DNA Star Inc.,) or the Wisconsin GCG program
(Wisconsin Package Version 9.0, Genetics Computer Group (GCG),
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5 (200 units/nL, Life Technologies Inc., Gaithersburg, MD), cDNA synthesis
was allowed to proceed at 42C for 2 hr. The RNA was renoved by adding 2L
NaOH (2. 5wid)02120748he reaction. After 10 min of incubation gicT/&iG2ef2ie pH

was adjusted with 10 pL of HEPES (2M. The |abeled cDNA was then purified

with a PCR punificat, 10, eff|C|ency
wes moni tor sdadieg: B B BT SrD B FAE bisaPhl O AN BIGE T o
Fl uor escent Imbeésam@coﬁerggemhleaﬂbmm tiasanibetlisestions. nebul ized to
appr oxi mat el M rgetx’rr &gy glnGenomc DNA (0.5 to | pg) was mixed with

6 pg of rando G bco BRL L|fe 1§ SCI ence Technol ogi es)
in 15 pL of wat er A 8elong str water for 5

_Irphglrjlt SspL'gg)e(mnﬁgp@m 03 élﬁcbﬁfn&%:ﬁgq/\é&éftﬁéd tolatnpﬁm’y eadmprdtenmpe& at _Lll_L e.
e e
L L e

conponent of
descri bed abo$@nfpwaBNaet alseherigmptateefhetRCR readionsavatedgrasiormeddient of

1T el 8 R T, e i e o

the enzyne I nc

purified usi ngnchireciNpEsi(@ikee:BBh '—ka?tSC‘?'@eaB%?h“ ighFPait hmgrg?%was
Hybri di zafg on amqnvaﬁeldwes%ﬂd&mtmmn bt 951C for@Ebsscednkbiing?at 55°C

prehybri di zat sol uti on cont.ai S L gies Inc.,
Gai t her sbur g, qu(/%f) REAETERRALIO q_g’? é%@ﬁ%df‘ \}vgre #é{ﬁduc‘?%; h%r sbur g,
XP) 1 % Eogl qmlﬁy&bﬂﬁoﬂ ansé B@&, checked with dect&pghﬁaslsm a 1Lsz| s,

ter prehybr | ,Wm cs)
cont ai ni ng | a%@:a%(ggé gobesfnébmgts\ﬂ‘ ﬁhg@?ﬁ{el@é@@%%p@%ﬁg@rﬂe cover
slips. Sli desP@&@UfﬁC@@@G kitfroam IQiagen-f i ed chamber in a 42C incubator.
After overi ght hyRfprhgingainhSifiedSOREES Befricaartdyiinid, &l squesiokinéof 5 nin at

0.1 x55C. 0. 1DHER20 &1 ad BRAIG R SoRDhES Ml Sy R, >0 2™
same sol uti onpltes. thgemerationr #. DMAtspottaa@Violegular Bynsmicke Sumnyealgr Céd 35
wWith a stream,gf ugﬁartﬁgggquﬁésapggml 'c?%ﬁéd’ﬁla@gghé\g@ [Pbéhenthe signal

generated fromeac |.aser scanner Mol ecul ar

Dynani cs, Sunfyvayle.ci). Eagh F@)QY%’PEWE‘P@WS@W dgphcate ARLdRages wer e

anal yzed yd t hgiRfd. @Mﬁ@ﬁér@@s—ﬂnﬂngﬁytwmgh( ke glides weesstarexhunderoacunt ari o,
Canada). The raw f| uoresc I n ensg@ggr for each spot was adjusted by
subtracting tWeanﬁ%'%"f“t%ﬁ fOGmé%'BP? €ngs were exported to a spreadsheet

for further anal ysRMA isolation: Methylomonas 16a was cultured in a defined
medium with ammonium or nitrate (10 mM) as nitrogen source under 25%
methane in air. Samples of the minimal medium culture were harvested
25  when the O.D. reaches 0.3 at Aggg (exponential phase). Cell cultures were
harvested quickly and ruptured in RLT buffer [Qiagen RNeasy Mini Kit,
Valencia, CA] with a beads-beater (Bio101, Vista, CA). Debris was
pelleted by centrifugation for 3 min at 14,000 x g at 4°C. RNA isolation
was completed using the protocol supplied with this kit. After on-column
30 DNAase treatment, the RNA product was eluted with 50-100 pL RNAase-
free. RNA preparations were stored frozen at either -20 or —-80°C.
Synthesis of fluorescent cDNA from total RNA. RNA samples (7 to
15 ug) and random hexamer primers (6 pg; Gibco BRL Life Science
Technologies) were diluted with RNAase-free water to a volume of 25 pL.
35  The sample was denatured at 70°C for 10 min and then chilled on ice for
30 seconds. After adding 14 pL of labeling mixture, the annealing was
accomplished by incubation at room temperature for 10 min. The labeling
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5 Table | is a description of the genes di scovered and annotated for

Met hyl onobnas 16a. The table shows sequence % simlarities, %identities,
and_ expecivat g22072¢al ues for key genes of central carbon netplagldosnss27
denitrification, exopolysacharride synthesis, and isoprenoid biosynthesis.

Table | illustrates the. ti | t 1
sequences in mgtugﬁppnt/%lr{eeig#:&gﬁ?% r\%& ¥ &gﬁeﬁrt%?&ed g$§'éo dé@?%‘“ %{_AST
(Basic Local AlkglysemixtBearTite dysommixtintet cartsisted of 2 oM afreagh dATR093) 3. Mo/ .
Bi ol 215: 4034405 apePHS0I N dIoth Al it BRYSRICHITIOk CygaaGies for

simlarity to sequences coh e BLAST "nr" database (conprising

al | non-r edunddier addiBahko ik phRYPETSCHRS!! rQ\R[§R HEBSCHRESGed from the 15
3-di mensi ogal (286 YAkYRR, BifaorrvpbgRiing, G dihepsiiBagkMD) heD RA S§B1HRRET

protei n sequence abase, EMBL, dat.ab - 1h n

anal yzed for dY3H 3l qoﬁﬁqwoﬁﬁ?éﬁﬁggid%li@f thﬁ%%%m/i‘s}%&@%@? ngnt\gie;lgd

|C2 : he f nr" Bdéﬁd@hggszruwatgl-ft(ﬁﬁ R AT @bg?ﬂ!fi.t Aftept @ wmided inpubatien alat i onal
nter for Bi Q n | . 2

transl ated i noifﬁ B'@a@ﬂ&\éalsf %@Preg%tda@gq ﬁ;gl%aarfyf ?%?%P'meﬁhgﬁlg?&e?%@a I e

publicly avai Ives theprtrified vwithya &R pudbeationddld Qirgemo/algpeia, éé@-abase usi ng

the BLASTXoal qoklifnefiidiciby Wis ARttt @Sing Bither AdshFBBLy3Na¢drperafionst i cs
3: 266-272;fopr0\%b§e"gg§ t he NCBSI. AIII conpggr]i sonrs %\%ﬁre gone urs)irng e?t her

t he BLASTNnr d’rr_AESE(A %n¥o-al gorithm The results of 25 the BLAST conparison
|”s] gi ven bel _oYv i n Tadrestentiabdlirsuoigeriontc INA. Senoaric &NA washi ch they have
e nost simlarit. a - d] n@ﬁd al gorithm
with val ues rg%g}’i'%%d %ngéérgé@sé@& %)eéé pg?r%tﬂaé; pg'cﬁg&é’f"ﬁg '@E’f‘\f&né? gs t he
statistical silgng¥waanixedwithifeuaef andospbexamergPimersnizibe? BRL Hig ches,

wWith a given s&gékfee TQ@&ncﬁé@e@{;@e@ 8 of Watet0 TheSifdd Whs dbnatuied Bhgse of this
si ze absol ut e%{ q%}éinchﬁnc?for% N -t32/ 072§ Pe(%/ H8101402r§§)27e FJ 8 0 G ;t . dco
i - MMmm g WRter for Hningieg o gl appesy§n 1gs Tor; %%?(908&4CDa)
c (D top a)N' rbogh fempdraiuge.” 3hBhQ@ pi) Sk Buffer 2 (Gibco BRL) and 2 ul dye
mixture were added. The component of dye mixture and the labeling
procedure are the same as described above for RNA labeling, except that
20 the Klenow fragment of DNA polymerase 1 (5 pg/pl, Gibco BRL Life
Science Technologies) was used as the enzyme. After incubation 37 °c
for 2 hr, the labeled DNA probe was purified using a PCR purification kit
(Qiagen, Valencia, CA).
Hybridization and washing. Slides were first incubated with
25  prehybridization solution containing 3.5xSSC (BRL, Life Technologies Inc.,
Gaithersburg, MD), 0.1%.SDS (BRL, Life Technologies Inc., Gaithersburg,
MD), 1% bovine serum albumin (BSA, Fraction V{, Sigma, St. Louis, MO).
After prehybridization, hybridization solutions (Molecular Dynamics)
containing labeled probes was added to slides and covered with cover
30 slips. Slides were placed in a humidified chamber in a 42°C incubator.
After overnight hybridization, slides were initially washed for 5 min at room
temperature with a washing solution containing 1xSSC, 0.1% SDS and
0.1xSSC, 0.1% SDS. Slides were then washed at 65°C for 10 min with
the same solution for three times. After washing, the slides were dried
35  with a stream of nitrogen gas.
Data Collection and Analysis. The signal generated from each slide
was quantified with a laser scanner, (Molecular Dynamics, Sunnyvale, CA).
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(D14 aot LLC 'r CD a) o ~r coco 00 mn ~Ur ~r-.. U-j U c cv a) NT
co- ¢ cva a ?ticorco (, wr-r"t" Oc¢(o(r) r MU 0000 Q00
ih E cu w(yo-z/zmzsas Nomc} mo Q (OcOco (0 a) v ftfpcaouddpégr7y -c3 ¢
cv co 00 9 ti CocowOo.n- co~l- M ¢c C0O) NNL6 0) 0) EN CC

S:?L(LJC ;9ar S oc%e ln*targlgl(elre ér Sajga ged \éﬂ% Rrrx(hsgﬂy@&agofﬁ%r@(lmégm% 0o0E-~Mmo
: Research Inc., Ontano Canada) e raw fluorescent mtenSIty for each
spot was adjusted by subtracting the background. These readings were
exported to a spreadsheet for further analysis.

5 Table 1 is a description of the genes discovered and annotated for
Methylomonas 16a. The table shows sequence % similarities, % identities,
and expectation values for key genes of central carbon metabolism,
denitrification, exopolysacharride synthesis, and isoprenoid biosynthesis.

Table 1 illustrates the relationship of these sequences to known

10 sequences in the art. All sequences were identified by conducting BLAST
(Basic Local Alignment Search Tool; Altschul, S. F., etal, (1993) J. Mol.
Biol. 215:403-410; see also www.ncbi.nlm.nih.gov/BLAST/) searches for
similarity to sequences contained in the BLAST “nr” database (comprising
all non-redundant GenBank CDS translations, sequences derived from the

15  3-dimensional structure Brookhaven Protein Data Bank, the SWISS-PROT
protein sequence database, EMBL, and DDBJ databases). The sequences
were analyzed for similarity to all publicly available DNA sequences
contained in the “nr” database using the BLASTN algorithm provided by the
National Center for Biotechnology Information (NCBI). The DNA

20 sequences were translated in all reading frames and compared for
similarity to all publicly available protein sequences contained in the “nr
database using the BLASTX algorithm (Gish, W. and States, D. J. (1993)
Nature Genetics 3:266-272) provided by the NCBi. All comparisons were
done using either the BLASTNnr or BLASTXnr algorithm. The results of

25 the BLAST comparison is given below in Table 1 which summarize the
sequences to which they have the most similarity. Table 1 displays data
based on the BLASTXnr algorithm with values reported in expect values.
The Expect value estimates the statistical significance of the match,

~ specifying the number of matches, with a given score, that are expected in
30 a search of a database of this size absolutely by chance.
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EXAMPLE 1
ISOLATION OF METHYLOMONAS 16A
The original environmental sample containing the isolate was
obtained from pond sediment. The pond sediment was inoculated directly
5  into defined medium with ammonium as nitrogen source under 25%
methane in air. Methane was the sole source of carbon and energy.
Growth was followed until the optical density at 660 nm was stable
whereupon the culture was transferred to fresh medium such that a 1:100
dilution was achieved. After 3 successive transfers with methane as sole
10 carbon and energy source the culture was plated onto growth agar with
ammonium as nitrogen source and incubated under 25% methane in air.
Many methanotrophic bacterial species were isolated in this manner.
However, Methylomonas 16a was selected as the organism to study due to
the rapid growth of colonies, large ¢olony size, ability to grow on minimal
15 media, and pink pigmentation indicative of an active biosynthetic pathway
for carotenoids.

EXAMPLE 2
RAPID GROWTH ON METHANE IN MINIMAL MEDIUM
Methylomonas 16a grows on the defined medium comprised of only
20 minimal salts, a culture headspace ‘comprised of methane in air. Methane
concentrations for growth but typically are 5-50% by volume of the culture
headspace. No organic additions such as yeast extract or vitamins are
required to achieve growth shown in Figure 1. Figure 1 shows the growth
of 16a compared to the growth of Methylococcus capsulatus under
25 identical growth conditions. i.e. minimal medium with 25% methane in air
as substrate. The data indicates Methylomonas 16a doubles every 2-2.5 h
whereas Methylococcus capsulatus doubles every 3.5 h with methane as
substrate. With methanol as substrate doubling times on methanol are
2.5-3 for Methylomonas 16a and 4.5-5 for Methylococcus capsulatus. Cell
30 densities are also significantly higher for Methylomonas 16a growing on
methane. Methylococcus capsulatus is a widely utilized methanotroph for
experimental and commercial purposes.
EXAMPLE 3
METHANOL TOLERANCE
35 Methylomonas 16a was grown on defined medium with nitrate as
sole nitrogen source and methanol as sole carbon source. Growth was
monitored over a 36 hr period which was typically sufficient for attaining

maximum optical density or turbidity of the culture. Figure 2 clearly shows
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pond sedi mentetfhgopond sedi ment was inoculated directly 5 into defined

medi um wi t h ammoni um as nitrogen so l:;rﬂge 25% net hane in air. Methane
was the sol e source of carbon and e . owh was followed until the
optical densitypROBSRMEBWRIDCIoRGSIFIOATIGN 0 MEEHYLOMONAIRECA r ansf er r ed

to f i ;
o fresh medium Sl“lcarﬂ)lé aast!'noevslthclaQ/%rious properties of Methylomonas 16a. The

criteria listed in Table 2 are those typically used to determine whether the
strain is arbitrarily considered Type |, Type iI or Type X based on physical
10 and enzymatic properties. This table was developed from both direct
enzymatic assay for enzymes as well as genomic data showing the
presence of genes and gene pathways. This categorization is functionally
based and indicates that the strain utilizes the most energetically efficient
pathway for carbon incorporation which is the ribulose monophosphate or
15 “RuMP" pathway. Genomic data clearly shows the presence of key
enzymes in the RuMP pathway. Internal membrane structure are also
indicative of a Type | physiology. Unique to the present strain is the finding
of nitrogen fixation genes in Methy/omonas 16a. The strain is shown to
grow in the absence of yeast extract or vitamins. Nitrate, ammonium ion or
20  dinitrogen can satisfy the nitrogen requirement for biosynthesis. This
functional data is in complete agreement with the 16srRNA homologies as
compared with other Methylomonas strains. 16sRNA comparisons or the
16a strain (SEQ ID NO:81) with other Methylomonas sp. revealed that
Methylomonas 16a has 96% identify with the 16sRNA of Methylomonas sp.
25  (strain:KSPIl) [Hanada,S et al., J. Ferment. Bioeng. 86, 539-544 (1998)]
and with Methylomonas sp. (strain LW13), [Costello, A.M. and Lidstrom,
M.E. Appl. Environ. Microbiol. 65 (11), 5066-5074 (1999)]]. Thus
Methylomonas 16a is correctly classified as a Type |, RuMP utilizing,
Methylomonas species.
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Method of enzymatic assay

Nitrogenase was not assayed but is considered positive if the gene
is present on the basis of genome sequence analysis.
Glucose 6 phosphate dehydrogenase: One mL of reaction mixture

contains 100 pL of 10 mM NADP, 100 pL of 10 mM glucose, 700 pL of

100 mM HEPES pH 7 buffer and up to 100 pL of enzyme extract. The

enzyme activity was measured by monitoring NADP reduction to NADPH at

340 nm using spectrophotometer.
Isocitrate dehydrogenase: One mL of reaction mixture contains

100 pL of 10 mM sodium isocitrate, 100 pL of 10 mM NADP, 700 pL of
100 mM pH 7 HEPES buffer up to 100 pL of enzyme extract. The enzyme
activity was measured by monitoring NADPH formation at 340 nm.
Nitrate assimilation is based.on the ability of the strain to grow on
nitrate as sole nitrogen source.
The results of the enzyme assay are sown in Table 2.
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conpari sons OE%W%‘D‘%%@@ rp?ﬁrﬂi?w S\émﬁ%j %E%bg%tl\%{/%ﬁgfﬁéth t;m%onéﬁaisRN?
R/g;/ ﬁa: gtrim t hat relMidwhasaiptionabactivitg ob68ch geneivas aﬁtmateﬂé\llttﬁ@&m >
86, 539544 ( %S@rgffra9sésd@é§§f1§§@§%‘*P%K‘i"*‘i’s 52 A 2001 JobmiEsTe [“costB el 1o,
A.M and Li dsBa@tarloldw}Em Wviron. Mecr ob| oI 65 (11), 5066-5074
(1999)11. Thus fasan@% éﬁgleﬁNAQﬁrc&ﬁarkay chretamirg 400GRORFsTigpen! , RUMP

e Abrtyad S Ay e AM e 1o
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Ni t rogenagg % %N% I%@% wit Menoﬁ@ﬁ@@ﬁ%'ngﬁgg% mﬁ%c?ﬁéﬂﬁéf%fééﬁt <40
dehydr ogenas dye Cy-5, while the total RNA was labeled with reverse franscriptase an
Cy-3. After hybridization, the signal intensities of both Cy-3 and Cy-5 for
each spot in the array were quantified. The intensity ratio of Cy-3 and Cy-5
was then used to calculate the fraction of each transcript (in percentage)
20  with the following formula: (gene ratio/sum of all ratio) x 100. The value
obtained reflects the relative abundance of mRNA of an individual gene.
Accordingly, transcriptional activity of all the genes represented by the
array can be ranked based on its relative mRNA abundance in a
descending order. For example, mRNA abundance for the methane
25  monooxygenase was ranked #1 because its genes had the highest
transcriptional activity when the organism was grown with methane as the
carbon source (Figure 3).
The genes considered “diagnostic” for Entner-Douderoff are the
6 phosphogluconate dehydratase and the 2 keto-3-deoxy-6-
30 phosphogluconate aldolase. Phosphofructokinase and fructose
bisphosphate aldolase are “diagnostic” of the Embden-Meyerhof sequence.
Numbers in Figure 3 next to each step indicate the relative expression level
of that enzyme. For example the most highly expressed enzyme in the cell
is the methane monooxygenase (ranked #1). The next most highly
35  expressed is the methanol dehydrogenase (ranked #2). Messenger RNA
transcripts of Phosphofructokinase (ranked #232) and fructose
bisphosphate aldolase (ranked #65) were in higher abundance than those

for glucose 6 phosphate dehydrogenase (ranked #717), 6
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m croarray ev Bﬁe,;f ri4ohfsise of the Enbden- Meyerhof pathway in the 16a

strain. Figure sho the relative | I f . expression of genes for the
Ent ner - Dolider of f pat hway and the Emm&@uof pat hway. Thg relative

transcri pti onal pggtCYiRNZONATIC EV)DENCEE GR A REREOPHD SR HANAC-LINKEEY oar r ay

as described previously (Wi, T of Bacteriol ogy.
183:545-556). Specifically, a si P. l]JC NIAE‘HDE cont ai ni ng 4008yCRFs
(open reading frafemmpé GMitdwd thamvidense. fostheapieseBee @8 hybri di zed with

probes gener algr, e ARNARCE (MALAB L ekHasBYAzy Feangracurent¥¥taial 15 162

G5, “whi s { MeUAURRNESTEABRF bt e P TeRatet Meveti s i ™ ©
the present strain.

Phosphofructokinase activity was shown to be present in
Methylomonas 16a by using the coupled enzyme assay described below.
Assay conditions are given in Table 3 below. This assay was further used

20  to assay the activity in a number of other Methanotrophic bacteria as
shown below in Table 4. The data in Table 4 show known ATCC strains
tested for phosphofructokinase activity with ATP or pyrophosphate as
phosphoryl donor. These organisms were classified as either Type | or
Type X ribulose monophosphate-utilizing strains or Type Il serine utilizer.

25 Coupled Assay Reactions

Phosphofructokinase reaction is measured by a coupled enzyme
assay. Phosphofructokinase reaction is coupled with fructose 1,6,
biphosphate aldolase followed by triosephosphate isomerase. The
enzyme activity is measured by the disappearance of NADH.

30 Specifically, the enzyme phosphofructokinase catalyzes the key
reaction converting Fructose 6 phosphate and pyrophosphate to Fructose
1,6 bisphosphate and orthophosphate.

Fructose-1,6-bisphosphate is cleaved to 3-phosphoglyceraldehyde
and dihydroxyacetonephosphate by fructose 1,6-bisphosphate aldolase.

35 Dihydroxyacetonephosphate is isomerized to 3-
phosphoglyceraldehyde by triosephosphate isomerase.

Glycerol phosphate dehydrogenase plus NADH and 3-

phosphoglyceraldehyde yields the alcohol glycerol-3-phosphate and NAD.
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Tris-HCO pH F5y '?)‘a é VYOOI 2 Riptigde100] 35 3.6 Nad4R207. 1@BR20 140 20
2 or ATPFchtongg 100 2Q 2 phy 0 b0 6 0.3
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ATCC 33003 e

Methylococcus X Ribulose 0.01 0.04

capsulatus monophosphat

ATCC 19069 e

Methylosinus i Serine 0.07 0.4

sporium
ATCC 35069

10

15

Several conclusions may be drawn from the data presented above.

First, it is clear that ATP (which is the typical phosphoryl donor for
phosphofructokinase) is essentially ineffective in the phosphofructokinase
reaction in methanotrophic bacteria. Only inorganic pyrophosphate was
found to support the reaction in all methanotrophs tested. Secondly not all

' methanotrophs contain this activity. The activity was essentially absent in
Methylobacter whittenbury and in Methylococcus capsulatus. Intermediate
levels of activity were found in Methylomonas clara and Methylosinus
sporium. These data show that many methanotrophic bacteria may contain
a hitherto unreported phosphofructokinase activity. it may be inferred from
this that methanotrophs containing this activity have an active Embden-

Meyerhof pathway.
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Fructose 100 ( units/nmL) 20 2 (units) bisphosphate al dolase Triose
phosphate (7.2 units/l) 3.69 27 units isonerase/glycero (0.5 units/i) 1.8
units | whoypitag e dehydrogenase KCI 1000 50 50 H20O adj pet/Usa/2bgi7 Cr ude
extract 0-50 58 WD 02/20728 PCT/ US01/ 26827 Table 4 Conparison O
Pyrophosphat e Li nked And ATP Li nked Phosphofructoki nase Activity In

D fferent Methanotrophic Bacteria Strain Type Assimlation ATP-PFK Ppi - PFK
Pat hway umpol NADH umpl NADH  mi n/ miEXAMPhE 7 Met hyl ononas 16a | Ri bul ose 0

2.8 ATCC PTA 248Rowmanhesh END eARBON G ONPERSION BYOVETEY L OMONASS agi l e
nmonophosphat ATCC 35068 e Met hyl obact er _@éRI bulose 0.01 0.025 Wiittenbury

monophosphat ATCC 51738 e Met hyl onpnas | bulose 0 0.3 clara nonophosphat
ATCC 31226 e Met hyl éspwitbyeldrand @irben exwemigpeffcignciaweigscampripdddphat ATCC

33003 e Met hyl oweggiétnokali 18al PAMENDbcOoDE capaisl ATHSsdORARY @ephat ATCC
19069 e Methyl Ocﬁ'joggﬁ bleé:a&%rf&eco%taqgs Rigﬁ'levse'?soorf' p%%;%%c?o?(?nﬁsa%e and M.
capsulatus is essentially devoid of the enzyme activity. It was
contemplated that if Methylomonas 16a could utilize the more energetically
favorable Embden-Meyerhof pathway and Methylococcus capsulatus could
10 only use the Entner-Douderoff pathway the superior energetics of the
present Methylomonas 16a strain would be reflected in cellular yields and
carbon conversion efficiency. This difference in energetic efficiency would
only be apparent under energy-limiting conditions. These conditions were
achieved in this experiment by limiting the amount of oxygen in each
15 culture to only 10% (vol/vol) instead of 20% (growth conditions employed in
Figure 1 and Table 9). Under these oxygen limiting conditions the strain
that produces the most energy from aerobic respiration on methane will
produce more cell mass. '
Celis were grown as 200 mL cultures 500 mL serum-stoppered
20 Wheaton bottles. The headspace in the bottles was adjusted to 25%
methane and 10% oxygen. The defined medium formulation is the same in
both cases.

Table 5
25  Yield Of Methylomonas 16a Cells Versus Methylococcus Capsulatus Cells
Under Oxygen Limitation.

Strain YCH4 g dry wi/imol G dry wt/g CHy | Carbon Conversion
Efficiency
: (CCE)%
Methylomonas 16.7 +/- 0.5 1.04 64
16a
Methylococcus 10.3 +/- 0.3 0.64 40
capsulatus

{

Yield determination: Yield was measured by growing triplicate
30 cultures in 500 mL bottles on defined medium with ammonium as nitrogen
source under oxygen limitation. This was done by using 300 mL of culture
with a 300 mL headspace of 25% methane and 10% oxygen the balance
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5 Several conclusions may be drawn fromthe data presented above. First,
it is clear that ATP (which is the typical phosphoryl donor for

phosphof rwe @kbimgse) is essentially ineffective in the phaggahgdoineheki nase
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20% (gr owt b5 coftithyioeccosslapgalhiingrofgeptimallysatdt 5P Eblvke@as Metthgion dressse
it g X . :

2oy b 1 ospi 1 g oW BT, (bl e inferned RonPRE S Tt M BSSerEpi Ble,

grown as 200 niN@EPEIBsYistingEMRdainMsyehotpathwaycomestagrayght | es. The
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20  function of carbon assimilation pathway with the carbon output being
normalized to pyruvate in all cases (The physiology and biochemistry of
aerobic methanol-utilizing gram-negative and gram- positive bacteria In:
Methane and Methanol Utilizers, Biotechnology Handbooks 5. 1992. Eds:
Colin Murrell, Howard Dalton. Pp. 149-157). Table 6 shows the amount of

25  ATP that is produced or consumed for every three molecules of carbon (as
formaldehyde or carbon dioxide) for serine cycle, xylulose monophosphate
cycle and ribulose monophosphate.cycle pathways. The latter pathway, as
discussed is typically thought to exist as the 2-keto-3deoxy-6-
phosphogluconate /transaldolase (KDPGA/TA) variant. These data shows

30 that in fact the fructose bisphosphate aldolase/transaldolase (FBPA/TA)
variant is likely to exist in the methanotrophs. The energetic repercussion
of this is the net production of an additional 1 ATP for methanotrophs if
they possess an ATP linked phosphofructokinase and an additional 2 ATPs
for the pyrophosphate-linked enzyme. It is therefore expected that

35  Methylomonas 16a derives and additional 2 ATP per 3 carbons assimilated
and that this may explain the greater yield and carbon efficiency of the
strain versus Methylococcus capsulatus.

. 61



Under Oxygen Limtation. Strain YCH4 g dry wt/nmol G dry w/g CH4 Carbon
Conversion Efficiency (CCE)% Methyl ononas 16.7+/-0.5 1.04 64 16a

Met hyl ocoggl®/288s3+/ - 0.3 0. 64 40 capsul atus Yiel d det er mpggatuwnzes¥y el d was
measured by growing triplicate 30 cultures in 500 nL bottles on defined
medi um wi th anmoni um as nitrogen source under oxygen limtation. This was
done by using 300 nL of culture wth a 300 nL headspace of 25% net hane and
10% oxygen the bal ance 60 WO 02/20728 PTABle801/ 26827 being nitrogen. At

the end of growth (igrRrg&icalos MEth¥nSRAHRD) bdc@SiaduBlizind'BitBRME caBok he
headspace was determ ned by gas c1rquEtlo%r ag%..T%e celTs were coll ected
by centrifugati on washed with di sf ' ~dried overnight in a

dryi ng oven before being weighed. 5 Carbon conversion efficiency is a
measur e of how/{@rghnis@r bqrCycte assj @1 uaited | Rtoduce| Vanarsts. |ATPs ¢alADRRt|ed
assum ng a biorpass conpgsition of ﬂddz 0 05 N 0.25: Methy] onobnag 16a : |16
g/ nol et hane XBaderd dry [Wuhp et higatey, “2PPygilvalaD FERATASS| TG1M +1

capsul atus 16 g/WEH; MBI TREMREer®- ’gs‘er?oury by WaldET FRPIFTA 1 P17 | Mot
bi omass These data (in Tdkle 5) sh hat Met hyI onpnas 16a jproduced
significantly rr@aeer‘cael I masdiPt han (diati;0he Meg hyl oc DKDEESA/mpsuIcat us stnai

under growt h coRglintbgnRst %MPWW he—t-enperatur-e—15
Met hyl ococcus @psxl at us grovvs optl ma y at V\hnreasA/K/Et hyl%m) T
grown at 33C, IT ErTed Tromtng gara tihat the Presence 1' the

more ener gy-yi el B?Sﬁ O'E 'diéﬁe“MB?%WﬁWﬁW&y confers a growth advantage to
Met hyl onbnas 16a. Table 6 presents the theoretical cal cul ations show ng ATP

yield as a 20 function of carbon assigiahasiP8 pat hway wi th the carbon
out put being normalized to i [ The physi ol ogy and
bi ochem stry of aerobic net 1Rl e and gram

posi tive bacteria | nFiguhed shoes aryhdvbiptaiedly alceil islmre&siol?oioﬁt echnol ogy

Handbooks 5, Olg%thﬁ'?’ﬁ%a@?éé M Miéﬁ\féldete ucedg %%H Orl?:?y ?%gg%é% . Tabl e

6 shows the anmouynt 't hat suned three
mol ecul es of c akl to detect oxygen consumptlon Oxygen was measured as a

functlon of time in the presence or absence of nitrate and in the presence
of methanol as electron donor and carbon source. The incubation
consisted of Methylomonas 16a cells suspended in HEPES buffer pH 7.

15 Methanol was injected at 3 min into both incubations to achieve a final
concentration of about 100 mM. After the methanol injection it can be seen
that oxygen uptake accelerated as would be expected (Figure 4) in the
cultures without nitrate. However the rate of oxygen uptake in the
presence of nitrate never approaches that of cells without nitrate. The data

20  thus supports the finding that nitrate can spare oxygen consumption with
methanol as carbon source.

Methylomonas 16a cells were again suspended in HEPES buffer
pH 7 and incubated in a water jacketed chamber equipped with an Orion
oxygen probe. The incubation was carried out at 30°C. Methanol was

25  injected into the incubation at 1 min. However in one incubation sodium
nitrite (25 mM) was injected into the incubation after 23 min. The resuits
are shown in Figure 5. As seen in Figure 5, there is a decrease in the rate
of oxygen uptake after the addition of nitrite. This data again clearly
supports the assertion that nitrite and indirectly nitrate can be used as an

30 alternative electron sink and resultmg in less oxygen consumption by the
culture.
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Figure 4 shows oxygen uptake by a celgx,@mpggr@l on of 10 Methyl onpnas 16a,
in relative detector unlts ] als 506 UK) to
det ect oxygen consi 5.0 [

the presence or abSGnCQAETHANO’HR@PH&iANl MEd'I-bYle@MWSdfGAfret hanol as

Toa cel I's suspended| mefielopf it sOARBRLIGH HRNEpalcsh "H’?‘J“M@mm
mn into heth doflectmt werstetstbechfdﬂﬂwealH'lWltﬁ&rOd‘éQﬂerﬂt fremingiHtesr @&8& 100
™ After the AWéthﬂQQWér@@?&hh o thé d@ﬁﬂe@%e‘éﬁiﬁﬂ ariddrvestegenerphake

accel erated as wou ecte

ﬁure 51?1 | tures wt“&b%
nitrate. Home\ﬂ@tlcah@em%\h'eatﬁom A-Qipyeseeniey Fh ep?ei'sséﬁBS“%P”ﬁ te
never appr oachgpetiaathypéerftftugativh Bhawésutpended.in Shral détlefined medium

with either nitrate or nitrite as sole nitrogen source. The data in Table 7
20 below shows the accumulation of N,O (in uM concentration) in the
headspace of a 10 mL assay vial incubated 30°C. The results shows that
Methylomonas 16a has a unique ability to convert nitrate to NoO among
the strains tested. Furthermore the data show that two other
Methylomonas strains have a similar ability to convert nitrite to N,O.

25
Table 7

STRAIN NO3/NOy NO»/N>,O

uM ' uM
Methylomonas 16a 28.3 30
Methylomonas albus 1.2 22
Methylomonas clara 2.5 1.5
Methylomonas agile 0.6 17
Methylobacter whitterbury | 0.3 0.04
Methylococcus capsulatis | 0.3 1.9
Methylobacter lutes 0.1 6.5
Methylosinus sporium 0.2 0.07

63



20 thus supports the finding that nitrate can spare oxygen consunption with
nmet hanol as carbon source. Methyl onbnas 16a cells were again suspended in
HEPES buf{y&yo2/11s7 and i ncubated in a water jacketed chamygrr/ewyheped W th
an Orion oxygen probe. The incubation was carried out at 300C. Met hanol
was 25 injected into the incubation at I mri. However in one incubation
sodium nitrite (25 M) was injected into the incubation after 23 mn. The
results are shown in Figure 5. As seen in Figure 5 there is a decrease in
the rate of oxygen uptake after theggd®ipUFotQof nitrite. This data again
clearly supports the asserti B '&Ird'r_t@'_qf dedi rectly nitrate can be
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Figure 6. Fi gur$tlfouid M@yt Thissassaia stateh cagfysagemsreaificand\gandiusivelye

dead- space coi NG dRs Wit e%gwggggdgrﬁhiMhy/a}lﬁgngwm@@_r Sellpotet grdwar e t he
nce

rates of appearance or di sappea .of "N d o n . r rvely. As
oxygen di sappea?eeiding ia 1bg C@éé“‘Pﬂ%"WB“?"o\?ﬁ& @nglnﬁﬁa;ix%gﬁ%ds’?%ﬂ ?@\%\Ler headspace
]92 co_ncent][e(;ihqm?r)/eé‘si@@dpﬁmglgmtb:onimﬁmddmmmlbe@é%eh%ﬁ%b@@ﬁ?ﬁﬂ?ﬁ‘? ;
raction of the_t e 1 OW R b6 B t ieliy under
oxygen linitati %tn%?’."é%ﬁﬁ‘éﬁgﬁﬁ'%%{g %qu Nwh%ﬁ‘%%ﬁégéh (iggllw:é%?l HER STRAI NS
. h |
avai | abl e from phaeATeDi 6601 DY.PThERE samses WBrecinimhediaiehnanayzedivddiibd f or

their ability t rodu j | LK ; I aips were
grown on the de%?%gaasﬁégff&%%é\rrgﬁﬁat?it/iés@%gggéttugr%é’ﬁsttﬁ'Ctl?'}@éaTlr%%n?i t J at 660
nmof 1.0 was ashivevierlowTndablel§ indigaieeRspisigd W@Péntscﬁgl Rip@geRplymer
centrifugation githg GsusPenaedhardl Bndlowel bdesignieicantediaumts of giycogebher
nitrate or nitrite as \sN%e ni ttro en source. The data in Table 7 20 bel ow
shows the accunttitd YRWE ORFFNFIE-uUM concentration) in the headspace of a
10 nL assay vial incubated 300C. The results shows that Methyl onobnas 16a

OF  METHANOTROFHS gapwshiasryez reidrpgasithng| ns

has a unique ability to convert nitrate tdaNe® anong the strains tested.
Fur t her nor _ng) he data showlthay two ot h_er Met hyl onbnas strains have a
simlar abifit Gtr;\/\/ttﬁuﬁhvacsg(dbréis'd ﬁle&h%ngi%qfv%oqen Methanol (% glycogen
wi/wt) (wi/wt) '
Mid-log (0.3) 6% 25%
Stationary phase (1.0) | 7% 40%

Additionally, the presence of granules within the cells grown on
methanol were observed by scanning electron microscopy and the
granules were determined to contain starch with polysaccharide specific

25  stains.
EXAMPLE 11
PRODUCTION OF PROTEIN FROM CELL MASS

Methylomonas 16a and Methylococcus capsulatus (reference strain

for protein production) were grown on defined medium until no further

30 increases in OD 660 could be observed. Methane or methanol
consumption was monitored by gas chromatography (HP-Plot Molecular
sieve column: Hewlett Packard 5890 series |l gas chromatograph) over the
growth curve such that the total amount of methane or methanol consumed

could be calculated. The running conditions for GC were; oven
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Tabl e 7 STRAIN NG3/ NO2 NO2/ N20 um um Met hyl onbnas 16a 28.3 30
Met hyl ononas al bus 1.2 22 Methylononas clara 2.5 1.5 Methyl ononas agile

0.6 17 Matgwletgcter whitterbury 0.3 0.04 Methyl ococcus papgdahats
. . g3 0.3
1.9 WMethyl obacter lutes 0.1 6.5 I\/Ethyl osi nus sporium 0.2 0.07 63 WO

02/ 20728 PCT/ US01/ )
16a was shown'® rgpgrgagﬁrrz%ﬁgmr armunts O(?"@\' |ﬁfaFﬁﬂY@C@Nin Maehy! onpnas

ei t her met han® deg/min,Hinadtem Bd‘r@oﬁaﬂn%'émi‘% Ogl}iﬁg?cg'%ﬁqﬁw R l{%\émgfgcogen
using a StarChoéséabek'/&Féﬁb&%r@%@|an@£9qunl$irah@utlmelv®) This assay is

starch or glycogen_specific and c I
gl ycogen in Met hyl disneallsjuere C@'Pg“g%\ﬂg'f‘l&v rﬂ%ﬁﬂ%’igﬁgtdglgﬁgi VR FIirfeamgé{ondl tions
ggg I H\lﬂecrim L Eatn h©50?@rmg§>i cmdmduse déielnhéfabﬁar@beﬁ)vhahwsﬁiwgt&mdngwglgﬁmh on
0 S
Ci p%%?ﬁ;gm w@ﬁgneroﬁﬁa% RN medi um Cul ture

sanpl es were tél?@h curve: md-iogarithmc
growth (O D. 660 0.3) and stationary e,(O. D. 660 1.0). These sanpl es
were inmediately analyzed with the st ssay kit according to the
manuf acturers instructions. The results 15 shown below.in Table 8 indjcate

isg\rNgii ;L?gsﬁnw@aﬁlsﬁ t he storic%mlmqngHgErl ng ;gmhndgl()hﬁt@fa\nol and
e ant—anounts | n
8 20 G ow h [PHelwiqnereni© %thwﬂﬁé@/%ég»\/&%g s n A0 /Q/ Sj(ggnﬂiﬁ%) fi\t,)\,lte

oIgTT

wt/wt M d-1dagj W{&bcﬁ% 25% St atg @nany @hasary 1. 0 0726 4046 (4Aﬂdhr) i onl | Y,
the presence of gfanules within|the cells grown on| nethanol were obsgrved
by scanni ng alSPSHAUSI cr oscopy land the. granul es—here—determ-red—to-

contain stlrch with pol ysaccharide specific 25 stains.
As can be seen by the data in Table 9 the present strain has a

higher rate of protein production than the commercial methanotroph of
choice for this process, when grown on either methane or methanol.
EXAMPLE 12 ‘
15 PRODUCTION OF EXTRACELLULAR POLYSACHARRIDE
Methylomonas 16a cells were grown on 25% methane in 200 mL

batch culture on defined medium at 30°C. Initial oxygen concentration was
varied by injecting pure oxygen into nitrogen flushed bottles. Cells were
allowed to grow until stationary phase or to an optical density of

20 approximately 1.0. At that time the cultures were centrifuged at 6000 x g
for 30 min to sediment both the cells and the extracellular polysaccharide.
The sediments from these centrifugations comprised two layers. At the
bottom were the cells, overlaid with a clear viscous material which was the
extracellular polysaccharide (EPS). The EPS layer was washed off and

25  pelleted again for further separation from the cells. The cell pellet was also
dried and weighed. The EPS was resuspended in 50% ethanol and
pelleted again in the centrifuge. Finally the material was dried and
weighed. EPS was found to comprise as much as 50% of the total dry
weight of the culture at near-ambient oxygen concentrations. This was

30  determined by centrifugation of the culture at 10,000 x g for 30 min. The
resulting pellet is comprised of a lower red phase (packed cells) and an
upper translucent phase which is the extracellular polysaccharide. The
EPS was selectively removed with a spatula and dried at 105°C overnight.
The cell pellet was removed and dried at 105°C overnight. The
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EXAMPLE 11 PRODUCTI ON OF PROTEI N FROM CELL MASS Met hyl ononas 16a and
Met hyl ococcus capsul atus (reference strain for protein production) were
grown onwiebr/ege8 medi um until no further 30 increases in BOI/GSQ/we2n d be
observed. Methane or nethanol consunption was nonitored by gas

chromat IOlgr aphysxﬁ;iréﬁn&ta@ﬁ frided mmrnfuﬁammﬂmma whitevdoid ts : oﬂ 5t89? |
series gas 0 ove owt,h. cyrve suc e tota
anount of net h@ni gﬁ"ﬂgt ﬂg"ﬁéf {ﬂ%%ggsgﬁgmtgsb%ega\fa&ﬁoﬁpg%% bf’he runni ng
condi tions f orcesrifugatipn ¢¥@,000 64y 16D 30N 228 tREPEUS@IILB8T05°Cenper at ur e:

40C, initial t @rflfg‘;i:ﬁ %'h? Wé}&%d ' 5héhﬁdal%hgﬁl§ls of"ﬂw@ ’EF{Sa e?fefgq%ﬂg@wrbs fina

tenperature 40
t enper at ur & Wflﬁrﬂpl‘fﬁiwﬂ%ﬁ”gﬂf’/@n Eﬁ%amleﬂwera:@uetlwla@d@ydbel ected by

cent i fugati onmafitbdlét CicaNE!INFMKerkR fog, KamBthyl ryfeng p The data in
Tabl e 9 bel ow :ﬁ%ﬁmﬁ ramdry (e} I”s uce per gr am of

met hane or &Jr?s%%meﬁ‘a/ﬂﬁ §d§afﬁ¥§%€n}”§i’ﬁ By‘éf olyzee ing Mk Ayatiry w. /g
CHAOH  Met hyl on@rrsfol @ehdur@@nd the Q}{d&:l)&e@ éwboﬁycﬁatewﬁs f&duoddwith 3. 0 hr)

o e seon b SudilmindrafeiRide L o RufBeiatdia TS niouhbkas SCRRIREH Tat o of

prot ei n pridduchy GC-M&nsingSp2330e8upeaito oeluh*&nolhtetrphl sthndardahge-idawitol hi s

process, when f MPLE 12 15 PRODUCTI ON
OF EXTRACELLUE&??%@E%@E%%&EE%%@Eeﬁéﬂﬁyﬁgﬂgﬁémﬁ? s were grown on 25%
met hane in 200 nL batch culture on defined nedlun1at 30C. Initial oxygen
concentration was varied by injecting pure oxygen into nitrogen flushed
bottles. Cells were allowed to grow until stationary phase or to an

optical density of 20 approximately 1.0. At that tine the cultures were
centrifuged at 6000 x g for 30 mn to sedinent both the cells and the
extracel |l ul ar pol ysaccharide. The sedinents fromthese centrifugations
conprised two |ayers. At the bottomwere the cells, overlaid with a clear
vi scous material which was the extracellular polysaccharide (EPS). The EPS
| ayer was washed off and 25 pelleted again for further separation fromthe
cells. The cell pellet was also dried and wei ghed. The EPS was resuspended
in 50% et hanol and
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pelleted again in the centrifuge. Finally the material was dried and

wei ghed. EPS was found to conprise as nmuch as 50% of the total dry weight
of the culWoun@omls near - anbi ent oxygen concentrations. Thi $O¥ass0826827
determ ned by centrifugation of the culture at 10,000 x g for 30 min. The
resulting pellet is conprised of a | owmg AR phase (packed cells) and an
upper translu r% F?o@se V\/m ch is the extracellul ar pol ysaccharide. The EPS
was sel ecti velc\éﬁH é a spatula and dried at 105C overnight. The
cell pellet was renbved I‘mgiﬂgndmﬁtbmeiharlcﬁﬁmfmmacﬁegatstrahhm/m@”\ WO 02/ 20728

PCT/ USOL/ 26827 ~ super Qg? ary, h,gqmg&q &FBOK gLE%gét%%%l | fb e%npcol d

i sopropanol (1:1 vol: e precipitate rom
col lected By centri fugat iGoms(stiog odmsthane apd saethangl; and t he peI let dried

at 105C overni ght angpyei st 1se%ﬁﬂn@ﬂbnﬁra+\u§e@w ekthet dallsort paealfd t hat
it was 5 primarily pol ygI uco e %70O . EPS sanpl es were nmet hyl ated By the

nmet hod of Ciucanu, I., thWRYEPMRRIZING ARG RNORAUWR ch™  131: 209- 217.
The net hyl at ed sarrpl es V\ermjrdqurdjsphgtea emo%rit/lpﬁﬁ wifructélingsd enzygndour s and

t he hydrol yzed carbohydr at S T | um borodepteri de at room
tenperature. The product wﬁg\,\%@gtséfeﬁg% R/@O[E?{%g Sh2330 Supel co
col um. | nitler nal st andar d (ayo-amsslates numlals amittiplecuieantodiagiite prior to

the reduction step. 66 WO 02/ %Wﬁ @Té%gg%lr{g%% tfgﬁﬁ] Q%&l -8: cl ai mred

is: 1. A high growh nethanotrophi train rows on a

C carbon substrate sel ectBd f%“dﬁﬁ"?Fﬁﬁ ydeis ack pwlraua mﬁﬁh&!b”%@ﬁa\ﬂ@ and
met hanol ; and (b) conprises a (huneddrandlolsWAg Ry bRASAIH coAithaHY: kA1 Rvay ,

hosphof ?3‘?&&?2‘22?Lﬂﬁyﬁege“ﬁi%@ﬂ@%@%@@‘é%ﬁ% WHSERSSES ot ng
of : 10 (a)l5an isolated nuclei @. %lSDBﬁbmwé@b 0CIXISSE, 0% $bsno acid
e e hybet oo TP RS b ] PRI ORI GG et
conditions: 0.1X SSC, 0.1 % SIDSleoﬁaé:s&qdembecbdmg b ¥y EptdeF h. 1 % SDS
Lo mored oY Db 555G 01 % ik 4bTarfilo| RAUSHER Y Gl RSt B84 IaBRE ! ©
based on the Smith-Waterman method of alignment
20 when compared to a polypeptide having the
sequence as set forth in SEQ ID NO:6; and
(d) anisolated nucleic acid molecule that is
complementary to (a), (b) or (c).
2. A high growth methanotrophic bacterial strain according to
25  Claim 1 wherein the strain optionally contains a functional Entner-
Douderoff carbon pathway. ’
3. A bacterial strain accordfng to Claim 1 having at least one gene
encoding a fructose bisphosphate aldolase enzyme.
4. A bacterial strain according to Claim 3 wherein at least one gene
30  encodes a fructose bisphosphate aldolase enzyme having the amino acid
sequence selected from the group consisting of SEQ 1D NO:16 and SEQ
ID NO:18. .
5. A bacterial strain according to Claim 2 having at least one gene
encoding a keto-deoxy phosphogluconate aldolase.
35 6. A bacterial strain according to Claim 5 wherein at least one gene
encodes a keto-deoxy phosphogluconate aldolase enzyme is selected from
the group consisting of:
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nucl eotide sequence encoding a polypeptide of at |east 437 am no acids
that has at |east 63%identity based on the Smth-Waternman net hod of

al i gnnment wowoeg conpared to a pol ypepti de having the seaguane2687set
forth in SEQID NGO 6; and (d) an isolated nucleic acid nolecule that is

conpl ementary to (a), ,(b) or. (c). 2. A hi 7 | cterial
strain according to éé) Gagi'ﬁélfzmlf%‘?'ﬁ %%mgie%m%emgﬁ gmgﬁodr:]tagians aI
functional Entner- Douder sbtjuerscan sphifonthep SEQ IIANfA@Peri al strain
bi sphosphat e al dol ase Bheghec A ATTRBaRE FRIcERe R ML ALEEs SR i m 5
wher ei nhat | eats';] one gene U.nﬁ)@r thecletlewing WW@@iQnWEEﬁBEEh Bg( %ggol ase
enzyne havizng e amno ag UEHTE af8 hveshed WithoZX IS8T gb.4UpSE@si st i n
of SEQID RIO 16 and SEQ I(g |\6§1|gg, 5 Aa% cterd I§_trai n a?%orgi ng to aigm
2 having at | east one ge_néon%ﬁ‘%'aY g1>88 gt@%@gl?@ phosphogl uconat e
ne gone oncodes & KeL b H o ot = ol doaae, sy L5 Sel o
o- deoxy ..qahosphogl uconat. . ' | ect ed

e o o o oo

ed nucleic acid no ami s as atlaast 889%«dideptt ek set
forth in Q I D NO 20; (b) [:80. ' | t hat
hybri di zeg ith (a) underth%%éﬁlﬁg%%ﬂﬂgﬁjﬁ{yﬁﬁg%?ggﬁﬁé@mﬁ ions: 0.1X
SSC, 5 0.1 % SDS, 65C andompsied tevatpplgpeptide, haying e Seguense B§wEY by 0. 1X

5ot o Seutrbe i I B AR e ot g
that has at | gast - 59%(ﬂbe??zlﬂgiﬁs|ag%égglgkl ﬁ(gd (f)r{%goté?r% ﬁ”fﬁ%@?é&\@ﬁ{ﬂmﬁgﬁﬁg I gfs
?Ini %Egeln}:) whego' cgrrpaz ed ;(g)"g(bp?'} %cpgpt i de _havi ng t he sequence as set forth
conpl ement y to ?-g) ,Q%)B?{ég'ra?%t@ain%fgggﬁl!\&og%ri\féf?%gﬁ?%ﬁhgg@g'r%I ng to
any of O ai ms dems efcdding agaypaptide ievalvel ivgcarbpo iy adiarai® thavol ved in
carbon flux V"h;%l%é'pﬁdbeis selected from the group consisting of SEQ ID NO:2, 4, 6, 8,
10, 12, 14, 16, 18 and 20. .
8. A bacterial strain according to any of Claims 1 or 2 optionally
20 comprising a denitrifying enzymatic pathway.
9. The bacterial strain of Claim 8 wherein the enzymes of the
denitrifying pathway are polypeptides having the amino acid sequences
selected from the group consisting of SEQ 1D NO:40, 42, 44, 46, 48, 50,
52, 54, 56, 58 and 60. )
25 10. The bacterial strain of any of Claims 1 or 2 having genes
encoding exopolysaccharide synthesizing enzymes, the enzymes selected
from the group consisting of SEQ ID NO:22, 24, 26, 28, 30, 32, 34, 36, and
38.
11. The bacterial strain of any of Claims 1 or 2 having genes
30 encoding isoprenoid synthesizing enzymes, the enzymes selected from the
group consisting of SEQ ID NO:62, 64, 66, 68, 70, 72, 74, 86, and 78.
12. The bacterial strain of Claim 1 wherein the strain is a
Methylomonas sp:
13. The bacterial strain of Claim 12 having a 16s RNA profile as set
35  forth in SEQ ID NO:81.
14. The bacterial strain of Claim 1 wherein, when the C1 carbon
substrate is methanol, the strain produces glycogen comprising at least

about 50 % dry weight of biomass.
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[ [ isting of SEQ ID NO 2, 4, 6, 8,
Egl y;l)(zapt |12e '12 Sigegagdzgrog tgebg(r:?g}r:)i glonzltfa: ngaccordiQng to any of d ains
1or 2 op’vd’)ozmd’ﬂzg/ 20 conprising a denitrifying e?z%/LratigPapftlll??ﬂ?zﬁzng. The

' ' ' ' h 0 e eni

pat hvay ar e pal ypegb T dLe RAGIAG £ BN FheHboEk I deof Sifasi4 wbbtin 1tb 1 om t he
i myoﬁsis?i y?hﬂnciﬁE@’ld:éhtP@ﬁﬂn th8 metitumA4$ abddt 2.5% (vopgon24: 6, 58 and
group5c10 Then%ac ri rai.n, of .any of i.ns | 05 2 havi ng genes
o 3 exopol sat(‘:@ha i%i@%g%ﬁi?h%%?'gi‘ﬁ@nééﬁ%ﬂ%@,s{ﬂ% dayheea yeld etted from
te Rgoglrggp coﬁsg%’ﬂa*ﬁ’fdhan 1SEGraris KOca madd pe? grard ®f ndthaid coRdumas, ﬁggdi ﬁg-
L1 The pactert 3l st ai BLemi Sfaffll of Hind L8V M BT SFe gf 10
Consi o1ing of SIEOTENAR0GRGINas obesl GBiSS ber e of MotBlne sodsiified 12. The
bacterial strain 018.0ﬁié‘bé@t@ﬂﬁr@wnwgngbigﬂ@rﬁhﬁ ér%?{lgf,@égeggg@?)ﬁ sp. 13.

i t f . Claim12 having r as” 35 forth
iTEesEgCT ([a)r :\ng 8§9r¥v%hsn°$ﬁ§'%&ye9figdﬁafﬂﬂ%w@ghnplanﬁfh@nmémlrbmmbesx the Cl1

. . ; i sing at
carbon substrate 1% rmftéﬁlaaménartshmiﬁbfahWoPC%H‘égl/S%rg% gé@@% fﬁg@ﬁ

' ' /26827 15
The bact erital Qe ERIce bt aPeRRr s Senliohmatiane cmoltiomanst hanol
concentration in ts nidwi bantegalaticain oﬂaﬁ)%f?l{dim]gq'dﬂ ﬁ@vip@[ﬁz&ﬂﬁ%ﬁgr 'g?;mo_ of
' j ; | rea )
cel | s, - por SNEIAbBticey of iR 18 Ghncl meRp Bl melibiaassn o any
of dains | or 2 Havi dghighygrewth arethapaseapiic bacterial. Sragy w‘mﬁcm?rowsl dn EBSS per

' tralk ai 1 or 2
Paving a car o gﬁ"ﬁ’?ﬂfﬁ’Sﬁ@iﬁg??'§?§€§§&@?“%??ﬁéﬁ%&ﬁ%ﬁ_‘%?ﬁsn%sﬂzne/ g
nol bi omasg. MeinaRECHUIRIYRY Ahe 65 BNA seduencends setHor in TQ D INDISTg a
carbon 10 corarertsvimy ef iebsf mgeﬁéfeﬁb@ﬁhg][a g?gjibggéﬁgétrgtﬁze av?ﬂgeggéa;rgl)n
[ ) ' r of any
oo 20, PR SLbRpaky

: . . 21
nversion effici fan 70 g/ mol net hane/ g/ nol bi omass.
Zoh?/gh growt h net F&nofy ighigtowticmethariotrophizi buciril lstrald#6cstging 161 car bon

. i St f _met.hanol .an 15 net hane,
compr 1 o1 ng. ¢ Lﬁ%@jﬁ%ﬁﬁ%ﬁﬁ'ﬁﬁjﬁ“@?%ﬁf O Bin kB30 5 kesPateony
23. A high growth methanotrophic bacterial strain having the ATCC
designation PTA 2402.
24. A method for the production of single cell protein comprising:
a) contacting the bacterial strains of any of the Claims 1, 2, 3,
25 5, or 18 with C1 carbon substrate, selected from the group
consisting of methane and methanol, in a suitable medium
for a time sufficient to permit the expression and
accumulation of single cell protein; and
b)  optionally recovering the single cell protein.
30 25. The method of Claim 23 wherein the C1 carbon substrate is
contacted with the bacterial strain under anaerobic conditions.
26. The method of Claim 23 wherein the C1 carbon substrate is
contacted with the bacterial strain under aerobic conditions.
27. A method for the biotransformation of a nitrogen containing
35 compound selected from the group consisting of ammonia, nitrate, nitrite
and dinitrogen, comprising contacting the bacterial strain of any of the
Claims 8 or 9 with a C1 carbon substrate selected from the group

consisting of methane or methanol, in the presence of the nitrogen
| 69
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and having at | east one gene encodi ng a pyrophosphate dependent
Phosphof ruct oki nase enzyne. 22. A high growth net hanotrophic bacteri al

strain ace@r@izgsto C aim20 optionally having at | east aqrg@geiesgncodi ng
a keto-deoxy 20 phosphogl uconate al dolase. 23. A high growth

met hanot rophi ¢ _bact.erial strain havi he,: ' i 02. 24.

Arethod for GABAIGAGOMAANG! My Ayidbie BitRid] i 2 R ARLiLAN D

contacting t hendsiotransfmstioniaf shehitraggn ehniaiingrameound. 2, 3, 25 5, or 18

with CL carbon subglr atg.del B hRfolchOBRAMST SfciPprodoBpécihbhiaing! et hane
Su BTe n? or at

and nethanol, in medi um inme syfficient to permt the
expressi on angrateiycathydrates asdijgmentsampitee e SR8 A5y opti onal 1y
recoveringsthe singl eagel boRi=@lifl the Bictefal sliain obamodf Cfaibal, @ 335wher ei n
the C car Bon substrate is_ cont ?f]t ed with thet ba\%]se’:pgg]%’? trﬁbqfwer

anaer obi ¢ conditions. 26. 18mstha{hberrBen epBstRte s Gid '[%Wg car bon
substrate is contacted wkitfe $ifficibactogreraiit the expressiateancacongladiondi t i ons.

27. A nmethod for the biotrapsformation. o ni trogen containi ng 35 conmpound
sel ected fromthe group c8ﬁﬂ7%%eﬁ3)r%$u%rr%%%i a, nitrate, nitrite, and

di nitrogen, conprisi np)cooptionallyyecheeringctherfeed PedUEtn of any of the
dains 8 Jo oWt O neHiPhcalifytaaiPhs WtRieihithaltiater oup
anol , |

consi sting of methane or ne n the presence,of the nitro 9 WO
02/ 20728 PCT/ WS0pasdRms ofdsateln.ranBoysiasand Pigment (g ?E‘Bﬁeg th@a%ﬁ#h or a
tinme sul‘jfi ggeq}l&,_;égtu@rdﬁiér dd\ﬂer@mgﬂicﬁp@ﬁmyrmié o?thefgetrim eﬁctadmme_co_nt ai ni ng
conpound. : nmet hod for e productian. o r oaphi £ ng
protein, carbdHyHIng selegied f%?'aﬁgﬂgr%%%%ﬁ% gaqfﬁ(‘gfd;t@p@égg:s’g’ Zg)g’c?rit acting
the bacterial 43 & n7p19any, 28, 26, a7 29,81, 33, 35, /. &9, 41843 4% 4. &°. €dr bon
substrate .inn it abl [ 0 ' sufficient to permt the

expr essi orilsancais:gtgéu%zl g?’?%ﬂ é{;’;‘feﬁjt ﬁé??%%g@f)r_oduct; and g%] ? ti.0 aalfgé/'
recovering the fee.promeathod ebideotifymotaeigh grahdnaiyans r%"h'?[h er ei n
the relative GpFPEsCIAiRNS cBMmpRisRgei N, carbohydrate and pignent are altered
through the up-regulatjon or, down-requl atiop pf, an : es
encoding the protei nd@selHEYHEY ?ﬁé%%%“?ﬁ&&f%%%%ﬁ%@%%@@&%@ NO 1,

3, 5 7, 9, 11, 13, 15, idethbdotrdfphicdacte?d) s2din @oa sgitablgyrogt) 37, 39,

41, 43, 4520 47, 49, 51, medium in the pres'ence of methane as a sole carbon

source;
(b) identifying colonies that grow on the conditions of step (a);
(c) analyzing the colonies identified in step (b) for the
presence of pyrophosphate dependent
25 phosphofructokinase activity.

31. A method according to Claim 30 wherein the colonies of step (b)
are additionally analyzed for the presence of a gene selected from the
group consisting of:

(a) an isolated nucleic acid molecule encoding the amino acid
30 sequence as set forth in SEQ ID NO:6;
(b) an isolated nucleic acid molecule that hybridizes with (a)
under the following hybridization conditions: 0.1X SSC,
0.1% SDS, 65°C and washed with 2X SSC, 0.1% SDS
followed by 0.1X SSC, 0.1% SDS;
35 (¢) an isolated nucleic acid molecule comprising a first
nucleotide sequence encoding a polypeptide of at least
437 amino acids that has at least 63% identity based on

the Smith-Waterman method of alignment when
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15 53, 55, 57, 59, 61, 63, 65, 67, and 69. 30. A nethod of identifying the
hi gh grow h net hanotrophic bacterial strain of Claim1l conprising: (a)
growi ng av@anpi7es suspected of containing a high growh nepChasorrsezhi c
bacterial strain on a suitable growth 20 nmediumin the presence of nethane

as a sol e carbon source; I Lfyin

conditions of step (a); (%ﬁ%%ﬁ§§3§| 'W%%E@S?%WﬁggﬁgggﬁgegF%gsS%Pstep (b)
for the presence of pyroﬁhdbﬁhéﬁﬁlﬂbb&haeamd25 phosphof ruct oki nase
activity. 31. A nmetho C i W& i step
(b) are additionall yqaZaICéH @gl@ed ﬂgﬁei@ drﬁéozpehr?ce Igﬁabttl%ﬁ%ﬁglﬁ(ﬁ%rﬁéﬁr omthe
group consisting of: (a) dé%ﬂ§bphﬁéd nuclelc acid nDIecuIe encodi ng t he

am no acids 30 sequence as set forth in SEQID NG 6; (b) an isol ated

nucl eic acid nolecule that hybridizes with (a) under the follow ng

hybridi zati on conditions: 0.1X SSC, 0.1 % SDS, 65C and washed wi th 2X SSC,
0.1 %SDS followed by 0.1X SSC, 0.1% SDS; 35 (c) an isolated nucleic acid
nol ecul e conprising a first nucleotide sequence encodi ng a pol ypepti de of
at least 437 amino acids that has at |east 63%identity based on the

Sm t h-Waterman nmet hod of alignnment when 70 WO 02/ 20728 PCT/ USOL/ 26827
conpared to a pol ypeptide having the sequence as set forth in SEQ ID NO 6;
and (d) an isolated nucleic acid nolecule that is conplenentary to (a),

(b) or (c). 571
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