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isoprene biosynthetic pathway and its five-carbon universal isoprene
building block, isopentenyl pyrophosphate (IPP). This biosynthetic

25 pathway can be divided into two portions: the upper isoprene pathway,
which leads to the formation of IPP, and the lower carotenoid biosynthetic
pathway, which converts IPP into long C3g and Cy4q carotenogenic
compounds. Both portions of this pathway are shown in Figure 1.

Various other crt genes are known, which enable the intramolecular

30  conversion of long C3g and C4q compounds to produce numerous other
carotenoid compounds. It is the degree of the carbon backbone’s
unsaturation, conjugation and isomerization which determines the specific
carotenoids unique absorption characteristics and colors. Several reviews
discuss the genetics of carotenoid pigment biosynthesis, such as those of

35 Armstrong (J. Bact. 176: 4795-4802 (1994); Annu. Rev. Microbiol.
51:629-659 (1997)).
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At the present time, only a few plants are widely used for commercial
carotenoid production. However, the productivity of carotenoid synthesis
25 inthese plants is relatively low and the resulting carotenoids are very
expensive,
A number of carotenoids have been produced from microbial
sources. For example, Lycopene has been produced from genetically
engineered E. coli and Candia- ufilis (Farmer W.R. and J.C. Liao. (2001)
30  Biotechnol. Prog. 17: 57-61; Wang C. et al., (2000) Biotechnol Prog. 16:
922-926; Misawa, N. and H. Shimada. (1998). J. Biotechnol. 59: 169-181;
Shimada, H. et al. 1998. Appl. Environm. Microbiol. 64:2676-2680) .
B-—carotene has been produced from E. coli, Candia utilis and Pfaffia
rhodozyma (Albrecht, M. et al., (1999). Biotechnol. Lett. 21: 791-795;
35 Miura, Y. et al., 1998. Appl. Environm. Microbiol. 64:1226-1229; US
5,691,190). Zeaxanthin has been produced from recombinant from E. coli
and Candia utilis (Albrecht, M. et al., (1999). Biotechnol. Lett. 21: 791-795;
Miura, Y. et al., 1998. Appl. Environm. Microbiol. 64:1226-1229).
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generally quite inexpensive. These organisms are referred to as

25 ° methylotrophs and herein as “C1 metabolizers”. These organisms are
characterized by the ability to use carbon substrates lacking carbon to
carbon bonds as a sole source of energy and biomass. A subset of
methylotrophs are the methanotrophs which have the unique ability to
utilize methane as a sole energy source. Although a large number of

30 these organisms are known, few of these microbes have been successfully
harnessed to industrial processes for the synthesis of materials. Although
single carbon substrates are cost effective energy sources, difficulty in
genetic manipulation of these microorganisms as well as a dearth of
information about their genetic machinery has limited their use primarily to

35 the synthesis of native products. For example the commercial applications
of biotransformation of methane have historically fallen broadly into three
categories: 1) Production of single cell protein, (Sharpe D. H. BioProtein
Manufacture 1989, Ellis Horwood series in applied science and industrial
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t he abundance discayegdibat thetorganisms have Ilttle advantage over other well-
25 developed host systems. Methanol is frequently cited as a feedstock
which should provide both economic and quality advantages over other
more traditional carbohydrate raw materials, but thus far this expectation
has not been significantly validated in published works.
One of the most common classes of single carbon metabolizers are
30 the methanotrophs. Methanotrophic bacteria are defined by their ability to
use methane as a sole source of carbon and energy. Methane
monooxygenase is the enzyme required for the primary step in methane
activation and the product of this reaction is methanol (Murrell et al., Arch.
Microbiol. (2000), 173(5-6), 325-332). This reaction occurs at ambient
35 temperature and pressures whereas chemical transformation of methane
to methanol requires temperatures of hundreds of degrees and high
pressure (Grigoryan, E. A., Kinet. Catal. (1999), 40(3), 350-363;
WO 2000007718; US 5,750,821). ltis this ability to transform methane
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carotenoi d o %%%ﬂz&%%ﬁi'cﬁ'h%% been genetically engineered to make specific
carotenoids of choice, for large scale commercial value. It is hypothesized
that the usefulness of these organisms for production of a larger range of
25  chemicals is constrained by limitations including, relatively slow growth
rates of methanotrophs, limited ability to tolerate methanol as an
alternative substrate to methane, difficulty in genetic engineering, poor
understanding of the roles of multiple carbon assimilation pathways
present in methanotrophs, and potentially high costs due to the oxygen
30 demand of fully saturated substrates such as methane. The problem to
be solved, therefore is to provide a cost effective method for the microbial
production of carotenoid compounds, using organisms which utilize C1
compounds as their carbon and energy source.
Applicants have solved the stated problem by engineering
35 microorganisms which are able to use single carbon substrates as sole
carbon sources for the production of carotenoid compounds.
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provi di ng B t roesolreds ak mtlnmrommthMtromBnﬂ?amcmgrly pfeferedi t abl e

el o ol ecur o G fiSEboRYSRARIE NN fiat KHinkricd o Bincia! ERIEARLAbruC ©f ©

aci d nol ecul e encodi gt; enol pat hway
under the 35 SYRPPAAtW axma@m&w&m@pmﬂyg@m@egodlag@ (. ii) either:

1) nultiple copjrephes I@éte'cfé@@nd@ﬁﬁ lrﬁﬁkeaéhz%ﬁém@ ipAhRgiRd from
t he group consi st 1 deox I 0S 8617 P /[ US01/ 27420
phosphat e synt & eérr%bﬁgjs ”‘Byfoﬂé%i%)@ti '%?%@959%9%%{%@9 aflesRi soner ase
(Dxr), 2C2et hiyispheosphdtbraldalbsegheyimeyl t ransferase (1spD),
4-di phosphocyti dyl - & (apie levels of isopentenyl pyrophosphate may be endogenous

to the host, or may be provided by heterologusly introduced upper

pathway isoprenoid genes such as D-1-deoxyxylulose-5-phosphate

synthase (Dxs), D-1-deoxyxylulose-5-phosphate reductoisomerase (Dxr),

25  2C-methyl-d-erythritol cytidylyltransferase (/spD), 4-diphosphocytidyl-2-C-
methylerythritol kinase (/spE), 2C-methyl-d-erythritol 2,4-cyclddiphosphate
synthase (IspF), CTP synthase (PyrG) and IytB.

In an alternate embodiment the invention provides a method for the
over-production of carotenoid production in a transformed C1 metabolizing

30 host comprising:

(a) providing a transformed C1 metabolizing host cell comprising:
(i) suitable levels of isopentenyl pyrophosphate; and
(i) at least one isolated nucleic acid molecule encoding an
enzyme in the carotenoid biosynthetic pathway under the

35 control of suitable regulatory sequences; and

(iii) either:
1) multiple copies of at least one gene encoding an enzyme
selected from the group consisting of D-1-deoxyxylulose-5-




met hyl erythritol kinase (IspE), 2C-nethyl-d-erythritol 2,4 5

cycl odi phosphate synthase (lspF), CIP synthase (PyrG and IytB; or 2) at
| east onav@emeséencodi ng an enzyne selected fromthe groupCTORGIIEiNg oOf
D 1- deoxyxyl ul ose-5- phosphate synthase (Dxs),

D-1- deﬁXIyXél ul OSﬁ- 5- plhos pha_éph?i@lsityﬂﬂ%quytﬂ}fﬁ@e%x@kyI)Jlose-5-phosphate

2C- et -d- thrito cviidy. ransf.er . ‘

4-di phosphocyt | dyl - 2 G TRIIPEPTEFITR Bk s Y bR thitl

2C mc3;t hyl ;jd- Ier y'lt3hr i tol b|2,Cm-l(j)dyltraosfepimm'mb)e49?'iphhsrﬂmo@tid}drran-53-CTP Z)étn;[ Egse
t B opera : n 1! . g

gmr hzjs?ncel I yof sltoep (a@él}hggﬁqgﬁtﬂ gB?%aé g@gﬁh%%hyltégﬁg V'\Eofg’%an

effective ahount of a C CrEPBipRoskMaEsYNEthasenésiy C3Peaynthaseo(fyr&dmpdund i s
over - produced. BRI EF DESQHB,PB_H ON OF THE DRAW NGS, SEQUENCE DESCRI PTI ONS

AND Bl OLOQ CAL DEPCSI TS ,20. Figure 1 illustrates the upper isoprene pathway
and | ower carotenoid bi ogiﬁiﬁ ﬁégfjen%QFHWPOﬁHQLﬁ%eQZm%W[?&&?ﬁe er ay
expression data for key gml@mnmv@vﬁwgedmcyxymlwepﬁ{t?@sﬂhat@ 'Vﬂ]hY! Om)ggs
16a. Figure 3 shows plaspg ng, HP ér L verlfying synthesis
of a-carotene in those @ﬁ??gﬁ&?ﬁ% éﬁoﬂtdgﬁﬁ?%ﬁl P§§nﬁﬁosﬁ% ﬁt‘? Figure 4
shows plast d pcrt3 and FMelUCtGipeverase/@Erir, PiGrmethylichenitisritobf zeiaxanft gl n ang
its nono- and di-glucosi ' ONT 'ﬂm Lnifg plasmd pert
. Figure 5 shows plasm degﬁ%ﬂtrgﬁﬁéﬁé@%é%a@%sn y&ﬁgﬂsé]r%t hesis 30 of
zeaxanthin and its nono- Medylaniiyitatigersrdsph). oswtetdendhiehe 4-
contai ni ng plasnid pcrt 4cydfbdighesshatt @yRtHAsaSTEHE) PCTPAyhtifnsd dﬁnyég giRgctra
verifying synthesis of ﬁ,fé'toha%(%r?t Il"n ged;;Pd %&tgﬁxant hlogerl n t hose "Met hyl ononas
contai ning plasm d pert 471> °85THIGIMEGIGR BIPASHIOLPT- o
pTJS75: : dX&: dxr : | acl) Debkactingdhe hostioelt obstepf(a) bﬂdelasuibable:grdvtthaol din
t hose Met hyl ononas Al ni ' ) - y X X n.
Addi tional ly, the coluiTaR ﬂ'g'é‘ﬂwf_'E&t&‘é%ﬁ]%ﬂwrﬁ.df%%%é@%%@Y /' US01/ 27420
The invention can b&hfisky 2 garofeneideosinssindsis ovet-heodusiedow ng det ai | ed
description and the acconpriF MESCRAKENON BFSTHERDRAPSINGECh form a part
of this applicatiofeoENCE DESCRIPTIONS AND BIOLOGICAL DEPOSITS
20 Figure 1 illustrates the upper isoprene pathway and lower
carotenoid biosynthetic pathway.
Figure 2 provides microarray expression data for key carbon
pathway genes, as expressed in Methylomonas 16a.
Figure 3 shows plasmid pcrt1 and HPLC spectra verifying synthesis
25  of B-carotene in those Methylomonas containing plasmid pert1.
Figure 4 shows plasmid pcrt3 and HPLC spectra verifying synthesis
of zeaxanthin and its mono- and di-glucosides in those Methylomonas
containing plasmid pcrt3 .
Figure 5 shows plasmid-pcrt4 and HPLC spectra verifying synthesis
30 of zeaxanthin and its mono- and di-glucosides in those Methylomonas
containing plasmid pcrt4.
Figure 6 shows plasmid pcrt4.1 and HPLC spectra verifying
synthesis of canthaxanthin and astaxanthin in those Methylomonas
containing plasmid pcrt4.1.
35 Figure 7 shows plasmid pTJS75::dxs:dxr:lacZ:Tn5Kn and
production of the native carotenoid in those Methylomonas containing

plasmid pTJS75::dxs:dxr:lacZ:Tn5Kn. Additionally, the construct pcrt4.1
is shown.




The foll ow ng sequences conformw th 37 CF. R 1.821-1.825 5 ("Requirenents
for Patent Applications Containing Nucleotide Sequences and/or Amno Acid
Sequence i svisssures - the Sequence Rul es") and consi st er€TASOIR7Y¥YY | d
Intellectual Property Organization (WPO Standard ST.25 (1998) and the
sequence |isting rékhe investion cah belpoEFOlnndde&tood Roh‘e’shea‘oﬂ!owinq

I425t5£ 30?: 3313) %%8%%}@%% éﬁquhé‘%%émg @SIF@@E% eot |%bﬁﬁ ogﬁ%crqo acid

sequence data @WI@QT\T\PHW% ABPKGAtes. set forth in 37 CF.R 1.822. SEQID
NGs: 1- 38 are full |Hfé9idﬂo%@%eq0eﬁéé§@érﬁérrﬁswltlﬁi%mmfﬂ Rd1 |8|21 lepse 1. 15

Tabl e | f nb t SEQ | D SE
I ?) ﬁucl ei gn?,éﬁ%ﬁg%rerggp%r}ghggger@ﬁpgﬁggm%agu er 3 h@@fﬂ? 'Pg éon enden'?
KHG KDPG Al dolaaskor3ArhinalRsidsSéquehce DisBlosiisgsD tm@ﬂ?qu;anbe leep&(aylth) 11 12
[ F bB) 1 ‘ | Crt N2
03754 ok sobistetitiva intdlelf Pliperty Pludz4fon (vRD) Starffarg 1 NE
36 crtO 37 36T.86¢1988NaRd Qmam@r@edﬁﬁngre@ldrerﬁan@rqfﬁbe £RQGandiRCHVPS 20
promoter 8 WO (RekSH Dlardf46 Gpibisd "4rd Section 208 and Annex C of the

10  Administrative Instructions). The symbols and format used for nucleotide
and amino acid sequence data comply with the rules set forth in
37 C.F.R. §1.822.
SEQ ID NOs:1-38 are full length genes or proteins as identified in

Table 1.
15 Table 1
summary of Gene and Protein SEQ |D Numbers
Description SEQID | SEQ ID
Nucleic | Peptide
acid

Phosphofructokinase pyrophosphate 1 2
dependent

KHG/KDPG Aldolase 3 4
dxs 5 6
dxr 7 8
ispD (ygbP 9 10
ispE(ychB) 11 12
ispF (ygbB) 13 14
pyrG 15 16
lytB 17 18
iSpA 19 20
CriN1 21 22
CrtN2 : 23 24
crtE 25 26
crtX 27 28
crtY 29 30
crtl 31 32
crtB 33 34
crt 35 36
ertO 37 38

SEQ ID Nos:39-40 are amplification primers for the HMPS
20  promoter



SEQ I D Nos:41-42 are anplification priners for the crtO gene from
Rhodococcus. SEQ I D NGs: 43 and 44 are the priner sequences used to anplify
the crt ovastess1df Pantoea stewartii. 5 SEQ I D NOs: 45- 47 RCEUSOIR27p20i mer
sequences used to anplify the 16s rRNA of Rhodococcus erythropolis AN 12.
SEQ I D NGs: 48 and -ARLA 118y SHEOEH rtO
gene. SEQ I D NGs: gg?%maﬁggéﬁoﬁ?ger é@ gﬁéﬁ@sﬂﬁﬁgrstfﬁg HI\/PﬁSmgeeREW?L@ and
prinmers used t%h%ﬁ%‘qwst hat pronoter. SEQ ID NGs:55 and 56 are the priner

sequences used to agpl IfD/NCIs|f\4_fi?c dn§4g€a”re.th§|§@mdbsl§®l5 gg%eﬁagsb@ gxgmlifygeeso
primer sequen | Xr gene. ; an are
the priner segtﬁéncgggﬂﬁéegg??pgé'gﬂ%?is%%}’sa'%he | yt B gene. Applicants nade the
fol | owi ng Bi ol ogi caPEQelbbQssdaddare tihe ptimensegfienceseusititppasaplifyrtbat y on

the Internati ofsd b A & fo Mcro-organisns for the
Pur poses of Patengﬁgggggﬁjédgaogéuﬁt %@é@?&??oﬁa "Deposi torﬁé&ent i fication

Deposi tory Ref er enceEG] YR4DanddOarsthedpipigriseaveness bashiaanpifiyatcc pPTA
2402 August 22h3Q9fD geREAI LED DESCRI PTI ON OF THE | NVENTI ON The present
nethod is useful fo reati of reconhi nant. organi t have the
ability to produce %ghh@j@qe’sa%b%%griedpr@ 8U§§gyen§%§ﬁjé$€?@h€§i%nﬂ agnent s
encodi ng alvarared priciere nsgdis ampiify that prbmaoterhe car ot enoi d bi osynt hetic

pat hway have been c NP O 411 r ' . I.ch ' rhon
bty at oe. a5 o sol SecEpNOLaT il RS Brimd Jekiheloss P ORISR
conmpounds. Thethe dxs gentfeneral practical utility for microbial production of

30 carotenoi d conpoygpesIRAICH A 8nd BBRARNAS pRifers@iefiéd LSed to b e
chemcally (Nelis and Leenheer, App!. Bacteriol. 70:181-191 (1991)). Mbst

car ot enoi ds haf® @¢9SRE- col or and can be viewed as natural pignents or

col orant s.15Furt her neEQ IDTNIDS: SR bAH Glcardthb Pritneriggiehce@0bed 10 daiplify
properties anfjg'tst}y%lgg éusi on of these conpounds in the diet is 9 W
7 .

02/ 18617 PCT/ t hought to be heal thful. Well-known exanples are
R- car ot ene and Applicants made the following biological deposits under the terms of

the Budapest Treaty on the International Recognition of the Deposit of
Micro-organisms for the Purposes of Patent Procedure:

20
International
Depositor Identification Depository
Reference Designation - Date of Deposit
Methylomonas 16a ATCC PTA 2402 August 22 2000

DETAILED DESCRIPTION OF THE INVENTION
The present method is useful for the creation of recombinant
organisms that have the ability to produce various carotenoid compounds.
25  Nucleic acid fragments encoding a variety of enzymes implicated in the
carotenoid biosynthetic pathway have been cloned into microorganisms
which use single carbon substrates as a sole carbon source for the
production of carotenoid compounds.
There is a general practical utility for microbial production of
30 carotenoid compounds as these compounds are very difficult to make
chemically (Nelis and Leenheer, Appl. Bacteriol. 70:181-191 (1991)).
Most carotenoids have strong color and can be viewed as natural
pigments or colorants. Furthermore, many carotenoids have potent
antioxidant properties and thus inclusion of these compounds in the diet is




astaxanthin. Additionally, carotenoids are required el enents of

aquacul ture. Sal non and shrinp aquaculture are particularly useful

appl i cat ivome2/issn7 t hi s i nventi on as carotenoi d pi gnment ati oprCT/@Seri7siocal |y 5
i nportant for the value of these organisns. (F. Shahidi, J.A Brown,

Car ot enoi d pi gtienight it bedmfadthflil.alivelBknewn ekamplesCanet f-catotemy ards i n f ood

"nt o nedi at es. PREABTEG(rbLiobalY bt SEEHRIT KRS nces and
conpounds wi t hagoaeuitural Sslrsonandaitrinep agpacditre ane pamtﬂafb' uiefiell osure
bel ow provi O'esaag1 2 tdns §or fﬁ\?sgﬁpéﬁﬁéﬁ’as ?h 6t@ﬁ0|dspﬁ¢]ﬁ%h dé?tf?aﬁu% ch’ﬂ@al@ppr opriate

Cl metaboli zi ng roorganlsm rans ormati o e production of

various cardt effopertaiipbtheaealue of thase guanisms. AF ¢ fhahigi, Jeh Brove, a nunber
of terms and abhreinald Pgmenteinisesdood hﬁdm@afcglth@f\mmxcdhfewwg rfsodr e

ded. Th to t [ f
Bl ocher cal |t eSEEPBRORAE EoRy B bnt Bp Hihrt iy 88se “and
fructose to |nmmmdlamllhmlhasyﬁthealstmrstemda rﬁiadozstaml fagtanass and
gl ycer al dehydeg 3m'ﬂ'&9ﬁ3£‘${ﬁsp&éﬁﬂﬁre‘?é‘é‘t?&tBQREEQPWEBH@t e, 20 phosphophenol

pyruvate and pyru react1 ons eFEroceed with net yield of
bi ocheni cal®y usef uilherisgigsura WWW% adgtailerhdesasiption of fiies uni que to

the Embden- NeyssiaefioRat ieupgoprihec MompBRinY %leﬂﬁdﬁ%éﬂsﬁ’ﬂ@rf“lﬁ ose-1,6

bi h hat dol Ent t
ser s of 25 gh@ﬁﬁ%ﬁﬁ“@&f’"@é‘géw&ﬁ%&f P AiPus sardah RS s ingg

gl ucose or frh;g?wieldto the inportant 3-carbon cellul ar | nterrredl at es

pyruvate and —glycey rﬂ{@ %?os%ﬁ%'hoﬁg%gf’owné@%ﬁ Q%bﬂé@qtiﬁh?%?&h%% of

bi ochem cal |l y usef
Ent ner - Doubfer off he faliowiag d mélomlsarepp@ad@dmgl uconate dehydratase and a 30

ket odeoxyphosphogl “?ﬂ@%ﬁnatﬁmd@ﬁ%eg}_ fogc Eéfﬂwa@'”‘?‘ Pstd fhe sge?e'st off €l ates to

t he presence of . a gene 1n a s, to "evi dence of e presence of

that pathway, RIRShEMHC éﬁéct'%/fpﬁsolﬂv%[ﬁ'%c@|hﬁ>@§e§§uphé‘ﬁtg WC@& andyt hin the
context of thefipeRsernd im q%:ﬁaht eslluldme- dyrsﬁnemmrﬁéd;at@em;modl ng a

b csence of ¢ haTERGIANYIRgRRaP et o e Aal B R SR esence of gene
encodi ng a20 kepbdsphqm‘mmﬂ) hygivatoaad pyaivide.adbesas réalitmgedgpically praceete
DL SRES) O oo AT S P e B S AR GRS oy
nmass enzymes unique to the Embden- Meyerhof pathway are the
phosphofructokinase and fructose-1,6 bisphosphate aldolase.

The term “Entner-Douderoff pathway” refers {o a series of

25  biochemical reactions for conversion of hexoses such as glucose or
fructose to the important 3-carbon cellular intermediates pyruvate and
glyceraldehyde-3-phosphate without any net production of biochemically
useful energy. The key enzymes unique to the Entner-Douderoff pathway
are the 6-phosphogluconate dehydratase and a

30 ketodeoxyphosphogluconate aldolase.

The term “diagnostic” as it relates to the presence of a gene in a
pathway refers to evidence of the presence of that pathway, where a gene
having that activity is identified.. Within the context of the present invention
the presence of a gene encoding a pyrophosphate dependant

35 phosphofructokinase is “diagnostic” for the presence of the Embden-
Meyerhof carbon pathway and the presence of gene encoding a
ketodeoxyphosphogluconate aldolase is “diagnostic” for the presence of
the Entner-Douderoff carbon pathway.

10



produced per gram of carbon substrate netabolized. The term "carbon
conversion efficiency” is a neasure of how nuch carbon is assimlated into
cell nmasavanzii86s7 cal cul ated assumi ng a bi omass 5 conposi PCDUS@27420

CH200. 5No. 25 The term " carbon substrate"” refers to any carbon-containi ng
mol ecul e t hat | acksTre amdyield’as befinbdhéreiesnthkesneurd arecharess net hanol ,

f or mal dehyde, ' | .nes (e.g., nono-,.di-,
and tri-net hyldrg(lrj#rgnegci Bg@%%@ﬁé%%phﬁ%g&%@%g%%gﬁ di oxide. 10 The term
"d rmetabol i zer" réfhgrierno carbanceasiegeian sificieney” it measutghelilqy mushuse ‘an
singl e carbon caps PdiRfaRdSAECAPHESE afll i€ B8IaMtEN dssthPIFBS Biontdss

met abol i zers wl|l tsy(ﬁckgaé&é Be t hyl otrophs and/or nethanotrophs. The
term " met h§ll otPEIRPSHRLALCHa @ﬁggr%sm capabl e of oxidizing 15 organic
corrpg:mds whi ch do Tihet teemriCyi carban lsobst\tateboefeltmmy Nﬂrbbﬁ—cdwtﬁnirn]@t hﬁl ot roph
is able to oxidi tr j r . The term
"met hanot roph'nqérléglr‘]l%ablﬁagggg‘;(%ﬁ?éé)@'g%g%{heb%?&uE%?@}%Ségﬂﬁgﬂ@ﬁg' as a
substrate. Competbagobfordaldehyds:, forminaci, formatebmethilateddemingd (egeur s by
aerobi ¢ _degragasdenapabiymetyRimk) SKaRIAS) BljoRPhRaRARIAPAS HRE! Ul T
the present invention include but are’nof 'imted to the genera

Met hyl onod8s, Met hylilsuigemnelc metabpligeodeless taadnickaiggniss thas hagike t er m

“high growth epiipaptis®BRisindlaCafhorbulsdtiatb s 4 8biersduré 8f er?e‘rgpaa%eri um
capabl e of growth w as s carbon . and” ener gy

t th h I I
source which pPYYEESY @ %@68@‘?% “@%{H’&%ﬂm@ﬁ&ﬁ@%§@nq@hx pat hway
resul ting i n angthahdirophgell mass per gramof C substrate netabolized.
Th ific "high n Yolal teri ain" . bed
nerein i reoferred 18 ot MRAAPELEAC GRS B donlsntbadule or dERENGE ", o
used i nt ed&hafGeaiie gompasindsrviiciveionateepiais cagon-eadonsridgl Yheras 16a
sp." Are useghé m&hﬂbﬁagﬁ@bme%d@m&@rcm& th@%é{ﬁglﬁgﬁ)ﬁﬁg?aa‘lséér ain used in

the present mvEntlon. e term "isoprenoi'd conpo ers to any
compound whi ci§8aNGEORRY i ved via the pathway beginning with i sopentenyl

pyrophosphat e (| PPJTheaetnf“atgtrandtyoptienbaaesiatprokarybteceupdiis of Uiz
There term i DARRafiS aF Y suns, Conteeckdon 37adhans TR slokil "t
class of 2@opoeneischyaerbimdegradiation paghways. fypiaéexampleseofl i ght absor bi ng
properties.  methanotrophs useful in the present invention include but are not limited
to the genera Methylomonas, Methylobacter, Methylococcus, and
Methylosinus.
The term "high growth methanotrophic bacterial strain” refers to a
25  bacterium capable of growth with methane or methanol as sole carbon
and energy source which possess 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”, which
30 terms are used interchangeably.
The term “Methylomonas 16a" and “"Methylomonas 16a sp.” Are
used interchangeably and refer to the Methylomonas strain used in the
present invention.
The term “isoprenoid compound” refers to any compound which is
35 derived via the pathway beginning with isopentenyl pyrophosphate (IPP)
and formed by the head-to-tail condensation of isoprene units which may
be of 5, 10, 15, 20, 30 or 40 carbons in length. There term “isoprenoid

11



The term "upper isoprene pathway" refers to any of the follow ng genes and
gene products associated with the isoprenoid biosynthetic 5 pathway

i ncl udi ngvo bz18dxs gene (encodi ng 1- deoxyxyl ul ose-5- phosphr€BUSGY2T#IvasE) ,
the dxr gene (encodi ng 1-deoxyxyl ul ose-5-phosphate reductoi sonerase), the

i spD’ gelne (Eﬁ@ﬂﬁbmgréfb% 0@ olabsf @pmm(@non?bundzwmh tmpmaﬂyéraaee
enzyne; al so known y gene (encoding the
4- di phosphocyt{;]tﬂ?/" gg%%%%elpgﬁ?ﬂé%gg Ki hase; al so known 10 as ychB), the
"i spF" gene (encodi TihededC uppndiyscatene patiniad |refemtowcafdhphﬁ@lquwage
synt hase; al 50% | nvop&?g\ﬁ%ﬁﬁbﬁu&?%ss{%ﬁé@d \Qﬁﬁ‘%\e (s% Fé?ﬂi@ﬁuﬁa GtHtigynt hase) ;

the "lytB" ormat|1on q |phshate
and the gcp% g@a@wwap\wéwgwetda@m%@pélr@f 20’@%‘5{?@3, SR t ol
4- phosphat e i ng§ritRasS BiE HRH e tdivadingl b-dEBRy* me@@wog b6 S to t he
1- deoxyxyl ul 052}? - h%)g hat e g n‘th e egﬁz %ﬁég gcb%qupﬁtg ceni The
term"Dxr" ref @iseae%éy nﬁﬂ Ry e [ate\ '?Q’o se
enzyne encodedcyi;dyﬂﬂwlsjmrasgmym'ﬁjexlstoeknnWrngI?ngb thesispE"gefiers to the

2C- net hyl Der 0 r bP or

I spD ge%e The n%J %‘% %ﬁﬁ*ﬂo@ﬁhb&@[@Lﬁ @%etﬁ@émﬁrlﬁpﬁﬂ§ggh?§?c g\r@ggabl y

in this apficas VohB) thee“lwmr@f(egen@ngra)aﬁdnethybwrﬂhntcg g#-are used

i nt er changeabl o} T 0 " refers to

the 4-di phosphaltt g PeBhaBRypRRiser sl PhSY OB The %yl XRRe oded by

the ychB or |s@‘?@é’m§l afhid SW&tl'?égrebX QHét Byseae '9%‘?“33&”? ermghen gked

I nt er changeabl 1gl 18 thEgecpRgese divoleikeinthedyathesk¥chB or

IspE are 8sed M'méftgyﬁ y dlmpm ca.t?or:/ n mv YSSB or

"(spF" refers ﬁ%@%ﬂﬁ&/ﬁ){mdﬂq@&%%ﬁ‘?ﬁl {hf ‘209@6‘0@8?% 6Pfhosphate

synt hase etfzyrre enc@dedeltm“Dhs?’mmrstorthesbﬂemlulosﬂwé phmsphatef t he gene,

ygbB or i spF, %ﬁgaggg g,:g%r gﬂh}(}eld}( t%rr% application. The nanes of
[

gene product, nfer cltangeably in thls appllcatlon
The term "PyrG' ref éhg teon: Dm“pse athdbe ieayiinssdewhpsphde 35 pyrG

genteh The ter ”Ted@&ﬁsoﬁw%}f@é&eﬁ@n%%ﬂﬂddﬁd B $ﬁ@6ﬂﬁ§erﬁé farnesyl  di DROSDhat e
Y anse, Sy 35, 80 Sl By eR oS! RSt AT e AR ) 5P, 9
rol e in th2o f ocytidyiltesmsiérasei eretymea ahtgdeddlyy tehpshat spilngerse Thsopamesi d
pathway and whi,eg, Jene, ygbP or ispD, are used interchangeably in this application.
The names of gene product, YgbP or IspD are used interchangeably in
this application.
The term “YchB” or “IspE” refers to the 4-diphosphocytidyl-2-C-

25  methylerythritol kinase enzyme encoded by the ychB or ispE gene. The
names of the gene, ychB or ispE, are used interchangeably in this
application. The names of gene product, YchB or IspE are used
interchangeably in this application.

The term "YgbB” or “IspF” refers to the 2C-methyl-d-erythritol 2,4-

30 cyclodiphosphate synthase enzyme encoded by the ygbhB or jspF gene.

The names of the gene, ygbB or ispF, are used interchangeably in this
application. The names of'gene product, YgbB or IspF are used
interchangeably in this application.

The term “PyrG” refers to a CTP synthase enzyme encoded by the

35  pyrG gene. '

The term “IspA” refers to Geranyltransferase or farnesyl
diphosphate synthase enzyme as one of prenyl transferase family
encoded by ispA gene.
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encoded by lytB gene. The term "gcpE" refers to a protein having a role in
the formation of 5 2-C-nethyl-D-erythritol 4-phosphate in the isoprenoid
pat hway Woomssizek et al., J. Bacteriol. (2001), 183(8)pPCPUtM/24%6;
Canpos et al., FEBS Lett. (2001), 488(3), 170-173) The term "l ower

car ot enoi d bi osynt hEh¢ terpatlivildyreferste psotein hayingfa rotenia thelfo@atian genes and

duct ' ' | | 8 | hway, which
are i nvol 325#’3&?&@'?2{%’ e e el AR P DR e &

represents the2HGaded gRNGue to biosynthesis of carotenoids) or
subsequent react i onFhe H1asecHEN esfetdth a PestEINARMS BFoleinlthd foriittion SPA”

[ far. . di ph hat .h , th
TorrN and > crr b Tetrs SR el A Sophef B35 E i ERac BA) R LUHECESK. t ho
"CcrtE gene (atcabdiu/n@acgl;rjoér@o@é)r, dB3(8)p4 dbpRd4phaampogrt ks EEBS bett" crt X
gene (encodi nqzoéqﬁ%@'q—/@_@syl transferase), the "crtY" gene (encoding

| ycopene cyclase); crl ene (encodi ng phytoene ,desat urase), the
"crtB' gene (encodi M (S dawer eyrataneidbiosynibetic patiwayeneefersrtomtiynof
0-carotene 2GhByeNdwibdRRks dHIGdMEprodiubld adiRRefité§ WiRdhBJschrédofar ot ene

ket ol .~ Addi t . the term "carotenol d biosynthetic enzyne" is an
i ﬁclougis\% 10; e%?@@gﬂ'q ﬁﬁthf"@%'aﬁ&"g{ﬂr edPYO'M?gﬂmﬁ"eéﬁi’%ﬁ@@tQ synthesigradsent
p?t hway }ncl yahybger(e t(ﬁhoéb&%nth@sts\/rdepbfééeltnﬁs ﬂ?_réilﬁzt Skebini g@t&& t\% The term
" A" : I n e e | ene, an 0s
acervi 1y cat ai0Riedia EatiSRRAEr s, diksAReht BACHSS, ThA8sS BRadS BRduni ch
ger anyl pyr opHasshpioducBRrEludedhaésp ”ggz?epdsmmnﬂhag gelaryR)ansferade or SN

I I . Theyterm. "CrtN,
Qopy1 Y Vet ar s AP ABRBIGh e S Hseh ot BT ind O 10 doheS @AtoriBE encodes
by crtNL dene.diapgphiigene dahydiogrpases), ther 'oREC g8/ (anépding t o copy 2 of the

di apophyt oene dgightiflgeesiyRpgropho¥pRate dyht aad "BmgéﬁB (&%ing The term

criE geno whi ARORAVED BLtBRE Nenstii-EB] AR LGS i IRheRrieLy ke opent eny

9“ pho§phat e i myolase) dhbdeni gepedadcdding phatvsngadesayiradey lios pd‘)@B’Bg%'mﬁ L er mh
crtX gene, - and i aRo HONEHE st Yo 2 W BrEqq - BaRlReded BY The
zeaxant hi #013-ydgPxdazs)gand the WY@ gamsEncrdinosiwarotere ketvlgseerm " Crt Y
refers to the AJHORRIE, BECIHHE CERAYABI DICHFREIVei2Yneis ¥ndRAEsRRA Whi ch
catal yzes COMYEIR S err?rﬁg ltX%% ahd él?oﬁ-h%aernozg/(ranne%in the present pathway
including CrtE, CrtX, CrtY, Crtl, CrtB, CrtZ, and CrtO.
The term “IspA” refers to the protein encoded by the ispA gene,
25 and whose activity catalyzes a sequence of 3 prenyltransferase reactions
in which gerany! pyrophosphate (GPP), farnesy! pyrophosphate (FPP),
and geranylgeranyl pyrophosphate (GGPP) are formed.
The term “CrtN1" or “CrtN, copy1” refers to copy 1 of the
diapophytoene dehydrogenase enzyme encoded by crtN1 gene.
30 The term “CrtN2" or “CrtN copy2” refers to copy 2 of the
diapophytoene dehydrogenase enzyme(Crt) encoded by crtN2 gene.
The term “CrtE” refers to geranylgeranyl pyrophosphate synthase
enzyme encoded by crfE gene which converts trans-trans-farnesyl
diphosphate and isopentenyl diphosphate into pyrophosphate and
35 'geranylgéranyl diphosphate
| The term “CrtX” refers to the zeaxanthin glucosyl transferase
enzyme encoded by the crtX gene, and which glycosolates zeaxanthin to
produce zeaxanthin-B-diglucoside.
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The term"Crtl" refers to the phytoene desaturase enzyne encoded by the
crtl gene and which converts phytoene into |ycopene via the 5

i nt er medivad bess60T phyt of | uene, zeta-carotene, and neur ospPCEUSOIRT410he

i ntroduction of 4 double bonds. The term"CrtB" refers to the phytoene
synt hase enzyme encOuetermbycrtigetars io thalycopend cyclase gozymetancodadthiyon

from prephyt araerYdjehoanaliach eaiteadtverdorlBE Iyc@hBhe & Blearbfdfy s to
t he a-carotene hydrﬂ%%% ase, e ;}/rpe encoded by crtZ 'gene whi ch catalyses the
’ﬂB-e B

hydr oxyl ati on reacti¥n& o tgiteaPhytpenedasatiiage enrymesenrodgd O
r ef elr s to the H}thgrmﬂgwgkehdlvmaw EOAYETE @mﬁg@iqtﬁwwp?gegﬁ\mwi ch

tal yses gon . -Car ot i nt,o cant haxanthin one
S?oupg) Vi e\ciﬁﬁreﬁ@%gnge(so(?‘fgﬁygqfﬁ%g\eg?%t&bﬁarg nphgngﬁgg;%ré@%gyl} e term
" Car ot enoi d cdntpeduation of ddoubledansisa cl ass of hydrocarbons (carotenes)
Sopr onol d unts. | oo CHE R I Db oy BRSE il tndbcbd
i soprenoi d unitydhesrigene uich catalyses the reagtionfeormprepliteengo that the two
central net hy|di;§ﬁc§§m‘c@[&ﬁh oené, 6-positional relationship and the ]

I ni t ' | t ' 1,5- It | | ati onshi p.
AT carot dfloi ds. may 50y %wair%ﬁ%s e Pafiehe YERMIAsS @orD st r uct ur e
(Formul a | belam))dedamyimgzgehemgw)idgoahtag/lseshlaé hy@rfoxg%l(iation;lbaq&irieﬁoﬁqsml e
bonds, b [ i | i ehydrogenation, (iil cyclization, or
R

(iv) oxidation. ion of these processes. Formula | | s H2
.H3 H CHs H CHg H Hhae ferm ‘Gri®’ nafers-tetimepeampiene, ketojase-ahzymeCencodRdC C,

C C'C C.CC Chy c@t@g@ne@vl@ﬁf?’catal%l %dé‘.v'é'?sibh o —ﬂr&eﬁe%ﬁ}%&%fﬂz CH

30 (1) s s_.s,, ThisS class also 1nc es certaln conmpoun arise from
certain reéarr ANRKeINe Ypupkkvia achiienerel(eneketane grekphasthe (for mal)

renoval of p&yﬁtbrmgdralﬂé_s structure. 35 For conveni ence carotenoid fornmnul ae
UA) where the. br okdd 1S CataiRaRiESampAind ds HRERGH 38n@ G130 enot @ uni ¢ s.
5 As used her diydrocartbons (daaothes) ehd iteinokyb dnatenirdeativativesaxpoihppay|lf
consisting of eight isoprenoid units joined in such a manner that the
20  arrangement of isoprenoid units is reversed at the center of the molecule
so that the two central methyl groups are in a 1,6-positional relationship
and the remaining nonterminal methyl groups are in a 1,5-positional
relationship. All carotenoids may be formally derived from the acyclic
C40H56 structure (Formula | below), having a long central chain of
25  conjugated double bonds, by (i) hydrogenation. (ii) dehydrogenation, (jii)
cyclization, or (iv) oxidation. or any combination of these processes.

Formula |
Hsc.f \\C.’ \.%.- Q-ca {"-%.- %Igl.' \\I(;I., Q-%_ \5%_ o \\,%. aclz_., Q-%- .\\_.C‘:_ \.E. ,}C.f =]
z CHg CHg CH; "2 CH,q
30 O

This class also includes certain compounds that arise from certain
rearrangements of the carbon skeleton (1), or by the (formal) removal of
part of this structure.

35
For convenience carotenoid formulae are often written in a shorthand form
as
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RNA or DNA that is single- or double-stranded, optionally containing
synthetic, non-natural or altered nucleotide bases. An isolated nucleic
acid fragwent/1dem’ t he form of a polymer of. DNA nay be conpeT/asel/zf20one or
nore segnments of cDNA, genom c DNA or synthetic DNA. 10 "Gene" refers to a
nucleic acid fragment that is capable of being expressed as a specific
protein, including regulatpry, sequen es,p ecedlng (5 .non- codlng
sequences) and fol | owi ng €3 ROMCH diaha gt } 'r rodive
"Native gene" refers to a gene as found in '}u e wth its o regul atory
sequences. "Chineric gene" refers to any gene'that is 15 not a native gene,
conprising regulatory and codi ng sequences that are not found together in

nagI ure. Accor dWh@tké’hﬂE@bt‘dNegﬁmeg ug@ifaﬁtelmmapdmrstos\temtd Repteion Mnﬁ@'quentces and
codi ng sequgnces are derived fr rent, sourc ory
sequences ahd codi né SHIRATLRIEN, &by 10 E%Edﬂ“&Iﬁ'(f Reid W%@u %po[y@? &'r anged
in a manner di RN enDNA #mattidaingfes undio2Bld-straeded, @ptlb&ﬂog@ﬂawmgene
refers to a na i

E#{?{tﬁegs %o ﬁﬂah}r?l Mlt&%@é nul:l%%ﬁ&é% ség' b&%&%&%ﬁ@&ﬁ t he host

or gam sm A’ fg gene rerers gene nor
organi sm but 8figt a@ﬂent indbe deln pﬁacpowmer WdaNAdngnhemnwlay@r@‘ aneansf er .

Forei gn genes n-native
organi sm or c%ﬁ@eﬁg%gﬁsw%bmgm g%gﬁ@:%%@(bﬁgy:;ggﬁ%et at has, been

i ntroducedl@nto the @@H@n&efﬁﬂﬁ tga W@ﬁ@f%’%ﬁgmnbf éHGaRable GH gring
sequence” 1 ef eespictsad By spebiRg pRIEMAINCARIING réqUlatry seqGéiiice prEbadingCi d

. "S bl I ﬁ? id
ocated- upstr eioB-Srane SeAnsRcelARR IRy 648 e RPN SRS L ( 5
non- codi ng. sequedmgﬁecmenaecdblahge geneemters toangendas found inueioe wile
transcription, ;RING P mﬁw%cgfqnﬂegb "‘bhfr?(erlcoéené”rr@’fgrg% aﬂg g%%ettngt '

associ ated codi T seq atory sequence ronbters,
transl ati obS | eagksd r@éqam@@scomﬂf!ﬁ@@s“egulptﬂrym@rgm&mg sequenasgrinal aie

sequences, RNAngf f&ﬁ%istb@&rﬁrfi@naﬁfrée%%rd%%l?'é‘@hﬁ‘&erﬁi é@h@ﬁﬁa Séd?ﬁ;?ﬂuéé)p
structure. "Pronote refers ence%&%?bl e rollTing the

expressi on of XY Q’i)ésggﬂ%'é‘fﬁ?ea'& C?Q]HE'LS gHanc 21 @H\ﬁ Oma coding 15
WO 02/ 18617 PCHiffdPont sbiebs, aragyent®yisequenedé=dnd cotiimgseRjuenoés defegdience.

comosed of g 10 St SR slied Bl AROBGE Tt At el F BT Bt Rl 1

nature, or2@vein naiompr i‘Sedegendustgencdielese mamagve genedn itadetwabod by t hose
skilled in thejgafbh if 5 8@1165@&% mw;\"mng(ﬂ" $ols rbfifs 8Bl on of

a gene in different tjissues or ce pes, or at ferent stages of
devel opment, oRo} Roraaihpipsigd in the host orgamsm butthat lS introduced into the

host organism by gene transfer. Foreign genes can comprise native
genes inserted into a non-native organism, or chimeric genes. A

25 “transgene” is a gene that has been introduced into the genome by a
transformation procedure.

“Coding sequence” refers to a DNA sequence that codes for a
specific amino acid sequence. “Suitable regulatory sequences” refer to
nucleotide sequences located upstream (5' non-coding sequences),

30  within, or downstream (3' non-coding sequences) of a coding sequence,
and which influence the transcription, RNA processing or stability, or
translation of the associated coding sequence. Regulatory sequences
may include promoters, translation leader sequences, introns,
polyadenylation recognition sequences, RNA processing site, effector

35  hinding site and stem-loop structure.

“Promoter” refers to a DNA sequence capable of controlling the
expression of a coding sequence or functional RNA. In general, a coding
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to different environnental or physiological conditions. Pronoters which
cause a gene to be expressed in nost cell types at nost tinmes are comonly
ref erred wooasséizonstitutive pronoters”. It is further reroyusS@eEi4®0 that
since in nost cases the exact boundaries of regulatory sequences have not

_bgen porrFI et elseqiehiceds jodaled 8rtagnpronhsotef séq%efr&reerﬁrohmgm?a y Iy ha\ée

I entlca ro wopera tot e
hssoci ati on oruimerafdhgk Bftredfiokth Betgf 85R8) o pe Eibpafd oEh s thtgment so
t hat the functelemepts da@vectfrorradlﬁelfe@tpwnbgersferm!tlnmaturBoprexemrple a
promoter is or&rnamgé birithege INAlségriaiisndt RAfRIGS W‘bgrthbé%bﬁnll&ﬁlﬂ?‘mee of

af fecting the ex r%s on of that Codipng sequence e codi ng

sequence i S u efﬁf‘ﬁﬂ@é‘ﬂ‘i’tﬁfﬁ '@S‘ﬁ‘MId'r@GhWQﬁXRfPSQ'Wé Oﬁ?cﬁﬁﬂee'i“)d' &8t ng
sequences can tksueopeicaltypds, @kéddﬁf@réﬂ@ﬂé@é@bﬂdm{ﬂﬁém lo EBNBAsOr

f
the transori prosh ey B e B ofiPpBatsf Camilins JEIomoER Hhidense Rua
derived from acawseraigeré to aciexpfessgnenimast celldypeasvatmnostiiméxpressi on may

al so refer to cotnﬁﬁgfi é/ar‘e‘f a@%oug%q%ﬂsﬂm%@ ;J?Bh%?é'rgi ! ggs fur%ﬁe??%&% d on’

refers tothetran el c acl enone of a
host orgardfPsmt haksinre i gash cgserthecarady §ﬂa@ar¢es @ﬁﬂ%ula‘t@rfycs?qwe@ges or gani sns

cont ai ni ng thmé\mfbydm@brﬁp@kaweﬁﬁé@ DNA&wgﬁéﬁs%@nﬁe&éﬁﬂéﬁgtﬁso as
transgenlc transforne organi sns The "t erns

"pl asm d" Véﬁ@g?\avgn%erﬂ@glggm%ter PEYEY-t 0 an extra 30 chronpsomal
el ement often car r yimgtagenependibiy linked® refdrs pathie a$sddistiorcefimiucidic aeidabol i sm

f th |1 | f
ragnent . sucruERYs of 4 BnbEnddbi e o HEnPio HAINE MR ERMERR  crnome
integratinig selpsteéby tlmag‘@roformem&ﬁ |azlpr0m<@faér$c@8$rabiydwedwltfmrcuI ar,

of a single- dqi@: % f ource, in
whi ch a nunbe?fo ng%:@%%ch&gilsgggzgnces@ oé\%f@ctn‘?%[ﬁ ﬂ) é&@h?ﬂg)&a}bl ned into
rv

a uni que constqqﬁit'ﬁg BRAYVSTHiS giogling SGPCH{WLI%NH ebth& onot er fragnent
and DNA sequenQ&lscflpflen@!Qimbedf gensropt Ctoﬂlr@%dﬂéﬁteéﬂﬂncﬁé' ate 3'

| d SOl/ 2742
u'rll"; ;ﬁrs]fs o??nit i (J)Og) \{%@iﬁgggé) %qu%%}eccﬁsf'p(,s%{?gﬁto&an%%'?ﬁea?rﬁ?wau%nf orei gn
gene and RAvi ng el ebentegmi ‘iemoliBsnorbnas usedhbefein giefers tgdine trahstrigtmni | i t at es
transformati on,pf stﬁb%édﬁﬂul@ﬁo@%ﬁ&eﬁ@é ngNﬁz%rr%?\ﬁééWse ﬁ&%?&ﬁ\féﬁtﬁ&ﬁwﬂ s to

a SpeCIfIC vector contal nin orelgn hav
addition to tHaeﬂwrca!@ﬁcgiefmmﬁla&oféhedfweﬂ‘@pnerﬁmﬁ@%&aor@mmlsm@efebtothat

gene in a foraffridRet of MRNA into a polypeptide.
“Transformation” refers to the transfer of a nucleic acid fragment
25  into the genome of a host organism, resulting in genetically stable
inheritance. Host organisms containing the transformed nucleic acid
fragments are referred to as “transgenic” or “recombinant” or
“tfransformed” organisms.
The terms "plasmid”, “vector” and “cassette” refer to an extra
30 chromosomal element often carrying genes which are not part of the
central metabolism of the cell, and usually in the form of circular double-
stranded DNA fragments. Such elements may be autonomously
replicating sequences, genome integrating sequences, phage or
nucleotide sequences, linear or circular, of a single- or double-stranded
35 DNA or RNA, derived from any source, in which a number of nucleotide
sequences have been joined or recombined into a unique construction
which is capable of introducing a promoter fragment and DNA sequence
for a selected gene product along with appropriate 3' untranslated
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The term "percent identity", as known in the art, is a relationship

between two or nore pol ypeptide sequences or two or nore polynucleotide
sequenceswoaylmtm erm ned by conparing the sequences. 10 |PRCT/801ZA7820
"identity" also neans the de ree of sequence rel at edness between

pol ypepti de or Sﬁ@“?ﬁ@%lﬂﬁétﬁ Em@@mtlmcamtteéﬁem depecifksveeber m ned

by the match b%?@ﬁﬁlnﬁté fd?QEn en%"é?m §\§H§%"?§ﬁent3 lh‘é@gﬁi'ohyco tﬁ?‘?o({e ign

"simlarity" can but not

re
limted to tho@@”&é@éf‘%93@/"?%tra@%%’iﬁlaﬁpﬂ&rﬁ@m%@ééﬁh% togl. BEspieggianLesk, A
M, ed.) O(ford:ablﬂetv@Tmfél‘stﬁ’l’amCIfMe(ci&aﬁ)ntamBﬂ m@ géheérﬁﬂ ARPRAG cs and

Genone Proj gct Academ Corrputer

Anal ysi s o{‘ §Seq%&%rﬁghﬁggt%dgﬁlﬂtoﬁﬂe%@e'qq gfne ﬁ‘atﬂ(ﬁo"‘qﬂ @S?@qqc%]

eds.) Humana PegpEsssidn ofibatyene Begdeneign Aostl yS| s in Ml ecul ar Bi oI ogy (von

(@1 bskov. M and Drgann. BercgheRil dd kndDH IrBR.EEE QRRARENE 1 o er r e

met hods to det @ERveRN waenmarg P@JWQ@@@E@@QQGB%@OK/@VQ ﬂl'elTl@é%t mat ch bet ween

the sequences pb%ﬁﬁ@tbotlﬁ@tsfé@@éné@s CB%"&ét@hﬁfﬁeHdﬁ%dﬁ nc é%#L%rn'cE}é are
ue

codified ut e nment s and

perl:elnt i 1:1291“ y értc ‘3 %\étﬁﬁﬁﬂy tb@%??%lo 8 'R%b%l i gn

pr g_gr am of the bemlyﬁlebtlm of pon?UclestIG@BBqtlémlge3$ usttﬁe (c}?b@xﬁT énc. ]

Madi son, C rorrre usi ng t he
Clustal et hogwettém‘ﬁeab:’fg‘H%tCRr'?s?E‘Qﬁdﬁ gﬁi‘ﬁ% (?%é'g@ BI'CYS: 5:151- %53)

with the def audengiyr aﬁdt“émla(ﬂtsl&malnm%eaﬂﬂy@almwExy@mmome&mmsw_lo)

Def aul t par ameilsdih rbu@ﬁbf%ﬁ@d%tmi%@f‘d@s%naéd% RE Hge were
KTUPLE 1, P EEI}IALT% ucl ei c

AGONA
aci d frag bk, ﬁbl“b/:nﬁ ?éngP@eQ”Uﬁr%'WéDreﬁﬁeNé(r(ﬂgﬁﬁllent i on) encode
pol ypept i des t BMCcﬁant_a‘tq | IdsrinaAies Wind Cémorde F’r@ﬁé’&é (&hnthPlDe‘T/\ﬁré@by at | east

0 z Dr e
ol ei ¢ aci d P SaaeRiEPiHR. AL (e Canpity pauencs Do, pargho;
identical to t K{érlﬁm Ao Micadd Griffiudhc@s eds/p)dﬂmradnbé?ressl, NMJTQE@;( ef err edd
Sicueniod ot RIS AR G3U0RGH I I 40 TSR EA S
sequences f&poFt& HES)andbsauencs Analygisdriman (Pdpskarc Mi anﬂra@\rmraus, t hat
encode ani no adj, &dseostenkien Rreas, lﬁYQ‘l@Qﬂ elai%tfe@@@%etﬁéa/s td 86k to the
am no acid squ%gﬁlgys Erg_zn(gortrtlad er eéq S f | ei Cth acli d fragnents not
only have the AP g 1, giveho Pes ‘?’),‘(‘1‘6""33;11 FASHYEPERRe havi ng
at | east 50 antastedic Ntﬁhoqism‘mtehhmeadehmgsandlﬂﬁnlamme codified in publicly
available computer programs. Sequence alignments and percent identity
25  calculations may be performed using the Megalign program of the
LASERGENE bioinformatics computing suite (DNASTAR Inc., Madison,
WI). Multiple 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 PENALTY=10, GAP LENGTH
30 PENALTY=10). Default parameters for pairwise alignments using the
Clustal method were KTUPLE 1, GAP PENALTY=3, WINDOW=5 and
DIAGONALS SAVED=5.
Suitable nucleic acid fragments (isolated polynucleotides of the
present invention) encode polypeptides that are at least about 70%
35 identical, preferably at least about 80% identical to the amino acid
sequences reported herein. Preferred nucleic acid fragments encode
amino acid sequences that are about 85% identical to the amino acid
sequences reported herein. More preferred nucleic acid fragments
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acids, nore preferably at |east 150 ami no acids, still nore preferably at

| east 200 am no aci ds, and nost preferabl y at | east 250 am no aci ds.

Anucl ei c veaoziigsnt ecul e is "hybridizable" to another nucl ePCT/as01R74200

mol ecul e, such as a cDNA, genomic DNA, or RNA when a single stranded form
of the nucl ei ceruidé amirecatid segquencestiat boe ahieast akoutril% ddenticatiadtheol ecul e

d h
Ut R DD B SR80 RS SRR SPbi RS

I ons ar nown
exenpl i fied i nfragmentsoloat encogs aﬁmacg semueares Matiase @k leapt abgungdbcul ar

G oning: A Labgeafiodito¥ee eflino §@ﬁ%@\b&é P8poréed Hera.i Baitatidiu@ieic
Laboratory Press, Cold Spring rb (1989), parti ka?léf’i)éplgﬁgl §ter 11 and

Tabl e 11. 15thea@¢rﬁra(9@a@ntﬁé10§/0n \Iﬁoﬁh&t%wvr%émﬂiosgﬁs
tC(r)\ndlh t Ib onz oftpavpépmelhavmgcétneayéﬁosdmmagdu@lqirefenaMyattetast19t)rarmgenc¥ of
e ridizatia can en for
m)dergt ely si n’??@? m%%ﬂ‘%ﬁ?r ) l% il aéﬁ%@ﬁm‘%%g@ %@@lngﬁé g%f%'%gyéfst antly

rel at ed or gani east 200 ahigblagidsi and amostugiesably at least R5Aangiva@sidshat
dupt Tcate functi onglnefiay 8RR hbRELE BSRIMidisaRECHh afdifinhasEig acid

Post - hybri di zati on washes ‘determ ne str ency conditions e set
pref erred Bbndmoiasde, e as a 6PNGs W%@ﬁ}i%s@raRNAn@’Wt%S'ﬁﬁeZS SSC 0 5%

SDS at roomt eéWd’édecﬁnf i thé%dﬂéic a&ﬂ%ofe%ﬂ@é&ﬁaﬂhéél t8 Xhe ofhfer rilickie SDS at

45C for 30 m n, twice wt 5% at 50C for
B0 o ooy eagdnalepul WHIET IhS SPPIORE coRBiIaNs b IR Ey Aoy
t enperat ures IQ()Mhd)ﬁﬁbﬁldﬂetréﬁgﬂhes-lﬁ:ﬁrﬁilzaimtamdiWthln tdmmcmsoare veslcept for

t he tenperatur h 0.5% SDS was
i ncr eaggd to 6 @%ﬁﬁgﬁhe e@%‘?@%%’%’ﬁ%‘%ogaf ﬁfténcﬂy f Pl ﬁé@%c%snf t(l) ons
uses two fial Metehdar Cloning :.<'--;J-| ohigpgal aﬁeo@ra@Edoiifprad%nlduSmmg

preferred set buslini1RRioe PR IS SpblUgsnBy @@sg’y?%m@m@néfs 65C and

washed with 2X FILII(VS )
Hybri di zati on p@aﬁque@ ?'P\%ﬂ'apl?e” Mhﬁﬁ?éﬂ' é@lrﬁw.@%oreerﬂ ted hereia Pyl enent ary
sequences, al tFéwwhcé?p%dldmdmmntshﬂtémpemams(n@forﬁchetreﬂiythrdsﬂermheon

m smat ches bet yween, bases ar | bl.e.. Th ncy for
hybri di zi ng numa iSCIMAS Y 8@6&0‘3& @Fqﬂl%' %‘ﬂﬁaﬁﬁ‘g\{ é(ﬁi'fguq_ %P'gl 1%617

PCT/ US01/ ZZnZOadJust@ © sweeds fendodamtelygirataniagroepisesach as homolegousabl es
wel | known in %laeo | o

bet ween twoI nu%&@e%efrgﬁ?d%%@%%l rgﬁﬂfsﬁ% “'l’{glh Q%@'E?Yr‘?%mégﬁgﬁyb??/ds
of nucleic acPdeh Ragengsthlstunlisgiesivee 0“3‘?%‘4/@]%& rera clasgly relate
(correspondi ngoﬁgarﬁsrhsg*PefstRN%bn&iﬁamwmvsﬁe@@Naﬁbrhmbé sﬂhngahbpaﬁnaia@ngases in

E E:nf ol I owi ng 8)ne set of preferre coDléPt‘lons useEs)NéA‘serles mF Washé/s &ta lsngo\];wtﬁ 6 ter

25 SS8C, 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
those above except for the temperature of the final two 30 min washes in

30 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 §SC, 0.1% SDS
at 65°C. An additional preferred set of stringent conditions include 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 Hybridization requires that the two nucleic acids contain
complementary sequences, although depending on the stringency of the
hybridization, mismatches between bases are possible. The appropriate
stringency for hybridizing nucleic acids depends on the length of the
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100 nucl eotides in length, equations for calculating Tm have been derived
(see Sanbrook et al., supra, 9.50-9.51). For hybridizations with shorter
nucl ei c, ve@o2iss617 . e., ol i gonucl eoti des, the position of nPemEBEIIg20becones
10 nore inportant, and the | ength of the ol i gonucl eotide determnes its
specificity (seéclsmlde@ndttheriegre@pfr@pmmemmams) vanableaefvelhmmw:umnt t he

Length for-a huRs bl ol Greli i BieBfdelof Sl iy AHarABIBYY bABuaPlRS! | des.

Preferable a m nium| e or a | east

about 15 nucl eBPP'&BQdeﬁﬁsee’b? e’?%ﬁrﬁﬁtﬁ&thﬁeﬁlﬂe QBEWL’(OQDWHM abuecleis; and 15
nmost pr ef er abl pcidsehdvimpthosesegueheast TR r@lﬁﬁb@@tdbﬂﬁ?(co‘?t&sfpbﬂﬂﬁﬁrt% the

iﬁ'n'c'eﬁ?rZ{f%ﬁagﬁotﬁ@ﬁﬁﬂ[&lﬁ%ﬂﬁyﬁé@%ﬁe HesiasRy T e BIPWD Oile g
| ength of the BNAH2NAGRNA, BéfuBhide Borhyiwids ofafreater élamefers to any
P ot o 180 RIS IHRHE MRBHATII A clBilly ThalPhedl Beflad Vo) o

of nucleotide or amno may be

comercial |y a9 apmerepk @Meﬁﬁé’ﬂ(ﬁarﬂ 59-9(3@1/)@ Em’dwbrmim@tlcm withpihomies
anal ysi s sof t vaugleitd adidéNe. L&@o*ﬁ%léoﬁd@@tthé rgﬂtsltf%ﬁ'n 6%&%&% EéE&rQ%Q (G0

T con W B TproarALend s IS oAt plidanusleatis delsmmips 1o of

\2N155§(7)§5462A§ 1@@@0&101%\(@er(@|‘&1\3§&&3 |’lf‘lC7t 11%38|r$0n5’%rrﬂﬂaoo§hten%d' son,
n ram.incor poratin r man

al gorithm (W E&‘%Igngﬁl aﬁ%ﬁ@tﬁo I%Pﬂ'Sl?sa h%ﬂfelegﬁeébou’ﬁgrwlg\btﬁfes Synp. |

(1994), Meeti nar@etaé:leagmmrmmm120gtrﬁdxr1ad1f;(bs)jlza®ab Butiaic, acﬁammﬂeaﬁubl | sher

Pl enum  New YoéiﬁmutNl\ﬁ nutEbliids: 'hére Cﬂ@?&ébgo%t Ieéﬁ'a%oﬁpp_b' ;éo?ag be

under st ood. f hat ere sequenceé anal use

that the rksul fosbpraf ﬁ@bé)hﬁley@ngthmat lwt%au:lewdetshé:urﬂwmre thal ues of

the program reélﬁﬂ@.ﬂéﬁ%anumll$é§og3mi@fh/at$l¢e téﬁﬁéﬂaﬁu@%nd%aéﬁ%gluﬂ V\pl
"default val ues' val ues or FC?r ane ers

originally | oaﬁor\‘/ﬁetrﬁre\t'ﬂg '"Q@f Bé&diu%gﬁsfqerc%serm 3Gerqne &p aoﬁrﬁrﬂ@hcﬁs

reconbi nant DNangttdohiblegurobar cl oni ng t echni ques used here are well known

inth t and , d Mani at
T, bl ecul ar oaéﬁ.ﬁﬁéqﬁnﬁz%%n? el poruarel tedfeo oy eomells, o
PCT/ US01/ 244208l geathm &h sotwree smgra@ that isoisefditfor teoanalysie of nuclebtidSpr i ng
Har bor, NY (18|8§r}1|r(d1§é|§'s'e@|meﬁ6es W@cﬂlén%e)ana@\}l.‘?’s Qﬂﬁ\ﬁéﬂeh?ﬁ%joﬁ)d Spr nBennan

M L. and Enqui s Fusi gns g

Har bor Labora‘fwwe&ﬁaﬁy ﬁ?’%@ﬁ%&frﬁ%m&yﬁaﬂy W@@@@M) yp@ﬁbsww;eubm F.
M et 5 al., Canalgsit sBftotave olilsincludédb@ds hat liBited 8 the GO sahedr by @ eene

Publ i shi ng Assg,%grgmg (Wigc?élﬁslir?b%ﬁgéee O/Ce?sicgr% %ﬁZ)Genetics Computer Group

25 (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
Smith-Waterman algorithm (W. R. Pearson, Comput. Methods Genome
Res., [Proc. Int. Symp.] (1994), Meeting Date 1992, 111-20. Editor(s):

30 Suhai, Sandor. Publisher: Plenum, New York, NY). Within the context of
this application it will be understood that where sequence analysis
software is used for analysis, that the results of the analysis will be based
on the “default values” of the program referenced, unless otherwise
specified. As used herein “default values” will mean any set of values or

35 parameters which originally load with the software when first initialized.

Standard recombinant DNA and molecular cloning techniques used
here are well known in the art and are described by Sambrook, J., Fritsch,
E. F. and Maniatis, T., Molecular Cloning: A Laboratory Manual, Second
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Identification and Isolation of C1 Metabolizing Mcroorgani sns The present
I nvention provides for the expression of genes involved in the

bi osynt heeo 82/6d61Tar ot enoi d conpounds in m croorgani snms 10P@hiusé/2aum® able to
use single carbon substrates as a sol e energy source. Such m croorgani sns

are referred tiditieneCaldaSprimy Hethasdlaboeatery shestd Spiing blerkrNYmM may be
any Cl met abolag6) Marsiahas Mafafe, éﬁd’bg@ilhé\mtﬂg%i%ﬂé\?ﬂ,ﬁrﬂ. |

pyr ophosphat e (1 PE he precursor, for n f the rotenqids. 15 Many Cl
met abol i zi ng né'&qlﬂ gaﬁv-smwﬂm&m,mﬁﬁpr@@%@% to use a
Vﬁri ety of sirigiboratnpColdPhsss Spirsy Hariwe FIYC(aIQBOn arsiupsAusties, BSH{.}@E : n

t he present. i nye i I r A , met hanol ,

f or mal dehyge, %oﬁﬂrg&&é}éw&%& WQMM%&%SEQ%@@@Q? and
tri-methyl amimélishing Aysea eadtWiley-dntetasienser(BBA/Mi oxi de. 20 Al C1

met abol i zi ng rTblEﬁf?ﬁHa@‘l%H'a?{ﬁﬁlséfa%oﬁ%?@ﬁwel’akﬁli%bﬁj;'N/Ilc‘?@o%énisﬁ?st hyl otrophs.
Met hyl ot r ophs may ef 1 ned, as any organi sm cap e | oxl1 di zi ng organic
conpounds whi ch do ﬁ!ﬁp%ﬁﬂélﬂ’{eﬂﬁ?%ﬁm‘ﬁ@ﬁﬁb@ﬁ the RuRressiRNGfigenesof

net hyl ot r ophs javéivédien el hiaspithepf cakdteRoidasendimadiis trhibridrygnishisl ity to
oxi di ze m;l hane,. . ﬁacul hf\t ve et h%I[ ot hoghs have the 2|5 abi | i t% to oxidize
organic c hpod’ﬁl?fg T BRI Yt S'B8IR SHRO §PB§ 5-“83%&1308&%?@’8 't"cﬁay al so
use ot her car Buchsmimbortarismsiale eefesaddo bemin asdhpletabalmeb Thdr ladsts f or

i mi tod Lot hanbaaorgRnsaiy S oy G RERERIR Sutctpfits MOBIRT Moo carb

limted to the u JIorgani'c’ co con rbon-car bon
bonds for the Syathesize sepentasnybpyppbospitriediR)dhe oreeursantsr mpnsotthe t hose
obl i gate net hylpbicpBifs that have the ability to oxidize nethane.

Facul tative nethyl otrophic bacterja are found in ny environnents, but
are isol atled nost dYARBM yMEtRANZEG MIoreRrgANISMS#E KNgydt B theaHt WeHeh si tes.

Many facul t atiare % kylLieé @W&tﬁbﬁsi{?l@lﬁrﬁo@&ubﬁ%t@@ Gingie¢arbsvbgr oups  of
t he Proteobacteri crob. [Int.

Sy, 1 7 Fobsyr et taferesqu i Rdntiuds bt e TR 13| Don
Publ i sher: | ntreethepie, metbane fortikideitydegtormic acitl, metiBriatek Bnioke dg.gof
RS 020970 STl P4 S Rl elBoe e Bl odol gL
suitable i29 the prAdbedtmetabelizinganicrearaarismstaraaenesllyl ¢lassiten as,
Met hyl ophi | us, metisidiiphleamdthysirophs Mdyakageiddas ahly BrgaRishAkipaMe of
éﬁnt hobact er, B&%J | | urs, nPar acomWRIOﬁg{ di at Ar tihrgﬁiact_err, on: y
odopseudonmrdedIZRgLragNs LAY VOISR Lo GONYRIR GIRGN-F3T00B kANdS: car bon
substrates i s Asubsetoftredihlyttrophs are the methanotrophs, which have the
distinctive ability to oxidize methane. Facultative methylotrophs have the
25  ability to oxidize organic compounds which do not contain carbon-carbon
bonds, but may also use other carbon substrates such as sugars and
complex carbohydrates for energy and biomass. Obligate methylotrophs
are those organisms which are limited to the use of organic compounds
which do not contain carbon-carbon bonds for the generation of energy
30 and obligate methanotrophs are those obligate methylotrophs that have
the ability to oxidize methane.
Facultative methylotrophic bacteria are found in many
environments, but are isolated most commonly from soil, landfill and
waste treatment sites. Many facultative methylotrophs are members of the
35 B, andy subgroups of the Proteobacteria (Hanson et al., Microb. Growth
C1 Compounds., [Int. Symp.], 7th (1993), 285-302. Editor(s): Murrell, J.
Collin; Kelly, Don P. Publisher: Intercept, Andover, UK; Madigan et al.,
Brock Biology of Microorganisms, 8th edition, Prentice Hall, UpperSaddie
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bacteria but extends also to yeasts and fungi. A nunber of yeast genera
are able to use single carbon substrates in addition to nore conpl ex

mat er i al sv@92/e88eT gy sources. Specific nmethyl otrophic yeaspeT/usefarh2oi n t he
10 present invention include but are not limted to Candj da,  Hansenul a,

Pi chia, Torul diives Na(toIhbdbaeyiiatize metbylotiephishanteimaditabieimthe he

addi ti onal ab'éﬁe%¥nltﬂvéﬁ1]6ﬁ PRI BAe % Srft8H46, I8 fofiuaet hanot rophs. - O

particul ar interest resent 1nvention are S

met hanot r ophs Mg 0’%& Ryobasteriyms yypéomﬁromnaﬁ?%nfg ég&?éed to use
organi c C0WDO%é@ll&@%rﬁ@o@@fs@W@c@ﬂdlé,oﬂﬁhl@b@dﬁar, Rredppseudoniondieaad

or gani sns gre ,_ljncl ded |n but not limted to, the genera Methyl ononas,

Met hyl obac ftcus, Met hyl osi nus, Methyl ocycti s,
Met hyl omi cr obi um a'ﬁhie Nbﬂltyaimanwuaﬂngm cgeho;n' substmatésisgraddimitad tohe present

invention are t?éc%‘n@ Y‘@&en@ aq’% o %gﬁ W@r,&%ﬁhﬂ@"df%ggpgenera

energetically avora e car or exanpl e I cants have
di scovered a speable o S‘ﬁﬁe‘e‘i’ﬂgl%parmw Qﬁ)lﬁl additionytosepee ﬁP”WJﬁ’hmay

fT ﬁat u[ es V\h:cchpﬁf’é’r%,léh tas%@?g;ﬁ%@té%fhsyé@fﬁ@ineftmomﬁm@@eééms@mm@tﬂﬂtu@tIon |
is type of strain has serve e se cation an
s Rnown 40 MRRSPEHBNREIEBAURCR S5 NSFATIEE L9 Carifids daeestida  ai n

cont ai ns severRicha)Joedifopsis| and Rhodtdrafa. utilization pat hway. For exanpl e,
based on genone se an for
two pat hways of hegﬁﬁgsceng}%W? é&% h%ﬁ&gﬂ? b§d§ﬁﬁwa% Iy;ﬁ%é]n%efﬂ%ﬁl ch
utilizes the kaeogefrsed/teas praibamelgniso ftrarticuan laﬁeéfnﬂ)ih@ P@Sﬁﬁiresent in

the strain. |tinlsn@i8fHose d&ﬁgbté‘ﬁ\%ﬁ{&%obhétwm&h 8rd ﬁ\étﬁ'ﬁné)ﬁﬁliféré ve
pat hway in obl| gate a%t/ha ? resent ver |

Erbden- Meydr noPRkHIA 3 Wiise PG RMPOLOES M CARBEHREREN al dol ase
enzyme. It is beids. lﬂ)@mmlad‘yecbfthbwoﬁgﬁmmy aré iohuddiein, bat not [eeiesd tgr not

operati ve | e TS AR gD AR dobeld b g ey

v\/mh ch ul It: mat eM;eggémycu‘ls Vethyleraiozobiyimglatd Methduomanasof cel | mals\s; i fmdOf
mass .

1('.)}’” gr pgt(:ah 2&@' n thgégﬁgggngigﬂé?s r"l(lllphne W@’%Qﬁ@ﬂ%@@?ﬁ@f@émzoy has

been conf i¥hedokligete grethneeisephshaiag ananeraetinaliyfaeipblesareag dluxpreasuri ng

the reduction ithtVRp. FOF Ekawale, né@.&ts?ﬁarvéld?s&mr@@arsp%bﬁmnawopossess

bot h t he Enbd hof dth Do th
dgta suggestse'%ﬁ%e %&@%@%@W ﬁé\}%ﬁa ggrﬁ\ﬁy Wﬁ{“rﬁ% i ﬁr"&%fﬁﬂélagi'rongl y

expressed t hanugdfel foncassorDhurderaoifulaiarmidys gpzyofetrain fﬂas senesiudg thes
surprising and, EQUtEL pE Q¥ pblidioh At 88 MllfiBIntraS 16a (ATCC

25 PTA 2402).

The present strain contains several anomalies in the carbon
utilization pathway. For example, based on genome sequence data, the
strain is shown to contain genes for two pathways of hexose metabolism.
The Entner-Douderoff Pathway, which utilizes the keto-deoxy

30 phosphogluconate aldolase enzyme, is present in the strain. It is generally
well accepted that this is the operative pathway in obligate methanotrophs.
Also present however is the Embdén-Meyerhof Pathway, which utilizes the
fructose bisphosphate aldolase enzyme. It is well known that this pathway
is either not present or not operative in obligate methanotrophs.

35 Energetically, the latter pathway is most favorable and allows greater yield
of biologically useful energy, which ultimately results in greater yield
production of cell mass and other cell mass-dependent products in
Methylomonas 16a. The activity of this pathway in the present 16a strain
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met abol i sm of net hanotrophic bacteria. Applicants have di scovered ot her
met hanot r ophi ¢ bacteria having this characteristic, including for exanple,
Met hyl omwi@as2/ed6ar a and Met hyl osi nus sporium It is |ikel yP€hvasowatism
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t { t
CPENTE L0 0SB L Y AT P it HpA f88 e bt
phosphof r uct okhonmegséa@th &aéwwe@ﬂbiewﬂmf enddpe E@mﬂr-DmderQﬁ pathway
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consi dered di apriesebelt fsogurbhemgmmis@mmert troaéxistir@%élmﬁ%n itso glyebhtiee

nd Goduced an MRS eLASRRIBH-ERl S S BRE, APRIGAERHAR FacorbiRd Bl ol «

t hat the nost memarmtrdphnm}nasteqaétwmg thisatimaracesistic,decitidingl fot exampleani no
aci d sequence g, ﬁﬁ&%ﬁ@g céégﬁra‘?\'d%ffﬁﬂoégr%@%b mA&4 sﬂﬂéégq!hétcth%:/aeé’cﬁmgg a

Sm t h- WAt er man a I"gnnment ear son
Genone Rest0 [lmepEemained undigcqveradsyyethanetiony Sea\eetoﬁbeiacquflaozwwy of

Edi tor(s): Suhge erbami®ith Lrb! thehtgpicald W@Wn@f& th&éhzyMeria me&f er r ed

amno acid fr @nts ar e at |'east about 80% 90% i denti cal to t he sequences
herein. Most alg? PERL VPGPS nucl eic acid fragnents that are at |east 95%

i dentical to the 30Agmarticulady dobelegreudeful feptureed the EenbdersSMeyedrdfy,

preferred pyro cor ryghe;tr ﬁqug@%a@&&?g%%cﬁm A ?%(;sfeégllgg nucl ei c

acid sequences spon encodi ng active

proteins akd pwp@hoapl@atetdemﬁensm\%eafb@ﬁﬂameﬂoenﬂaet nlitis deatuge pdds to
sequences of r%%r‘ié}gg nua%'f'the b@ﬂﬁva&ftﬂf Gélh?fby%r%*bﬁé@%%e@e@ﬁ@ pnt

phosphof ruct okl nase c] ei.c aci al | east 90% jdentical to
P Dequences HEratss of bSONEanss ina e IReaiP v aLReh do Hie

phosphof r uct okstraisethigigeheiire theec carbbnfuxgrdtiwah & cansidered| daghosiefor thent i cal
to the nucleic raC'ﬂ { |ggments reported herein. 22 WO 02/ 18617

PCT/ US01/ 27420PT6R® BF "R di st i ngui shing characteristic of the present
strain is 2eveal ed Glosmparisam afithg pyfmahbepbatm@emie@ppwhsnhpfmmieaml t he

rRlegg!t iozﬁs Nggg@%?‘? ggﬁé?%g%é%wgl Ig{r?o ec uq g%{&l%(ﬁedn%mh% i leﬁUéﬁ ¥ er i a. The
5 pathway is cBIpQgetp Brbligdaiabpres eveaisiit H?%B@Sbéinﬁ@réfn%’ﬁl es of
enzymatic st epseddriid i@ sbout BE%fitiéficabtehe smind 46 'seflieRte bNeEPopebat i on
of herein over length of 437 amino acids using a Smith-Waterman alignment
25  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). More preferred amino acid fragments
are at least about 80%-90% identical to the sequences herein. Most
prefefrred are nucleic acid fragments that are at least 95% identical to the
30 amino acid fragments reported herein. Similarly, preferred pyrophosphate
dependent phosphofructokinase 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 pyrophosphate dependent phosphofructokinase
35 nucleic acid fragments are at least 90% identical to the sequences herein.
Most preferred are pyrophosphate dependent phosphofructokinase
nucleic acid fragments that are at least 95% identical to the nucleic acid
fragments reported herein.
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C- 1 (fornmal dehyde) into a pentose to forma hexose or six-carbon sugar.
This occurs via a condensation reaction between a 5-carbon sugar (pentose)
and fornmavaehysse’ and i s catal yzed by the hexul ose 10 nonopoD@phizt7e20synt hase
enzynme. The second phase is ternmed "cleavage" and results in splitting of
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al dol ase aHY tk’f@r‘ﬂ@ﬁh@ép*a%t@ syathagernryms. uEh@rseaom@Qbamrs termede pi ece of

DNA. Second! y, *‘cqé@/aw%dfr@éuﬂm Qéliﬂﬁ’f afaﬂhbaﬂéxcbé@vmwtme,t&wb to deoxy
phosphogl uconate,in di ate were al so found Estere

Rvat | able 1t oMRRHLSs. e thase raBabam HSGHOY RUBRYFI68 Pagherangh
met hanot r ophs) theeRyMFopaihwayn wiile tl@B@l@ﬁ-b@VMn&mbmé}ﬂtlsmmze%Dfor cell

(D1 knoi zen et Otgith qﬁgﬁ%ﬁﬁ%ﬁgb& bl i elbpS Wa B AR et e
wher eas t hid f oppeur assom@of three veriadisn HaevdrcofiBRwgerfdbesevanardblargat e
met hane utili zp@nRaay ?ddr{dfmd«fqtﬁi@%i*ésstHéFF"BISI*FIZ\g((ﬁ%Q}]s%uggest ive of utility.
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utilizing org nls as production e|t er singl € cell protein
or for any other pWB@LRE@S@ErStWH‘SfWBW$ Hbthel waYy shasgiasoivet‘plesvgaet he RuMP

pat hvay. 5 Accetegsng g’eﬁébﬁ\méfe?ﬁﬂmbl tth’@é‘rW 80t OV rilRSsiBn s ﬁe&ofsgr the
production of %spﬁcr)grtnﬁa e as & n? mucermeé)lgP ﬂ]g 8eﬁere§) ¥orqflrunc?osae lt)l s&qar{gd
25 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.
Available literature teaches that these organisms (methylotrophs and
methanotrophs) rely solely on the KDPG pathway and that the
30  FBP-dependent fixation pathway is utilized by facultative methylotrophs
(Dijkhuizen et al., supra). Therefore the latter observation is expected
whereas the former is not. The finding of the FBP genes in an obligate
methane utilizing bacterium is both surprising and suggestive of utility. The
FBP pathway is energetically favorable to the host microorganism due to
35  the fact that less energy (ATP) is utilized than is utilized in the KDPG
pathway. Thus organisms that utilize the FBP pathway may have an
energetic advantage and growth advantage over those that utilize the
KDPG pathway. This advantage may also be useful for energy-requiring
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Cl netabolizing host cell which (a) grows on a Cl carbon substrate sel ected
fromthe group consisting of nethane and nethanol; and 10 (b) conprises a
functi onavo Eriesen- Meyer hof carbon pat hway, said pathway BPOWVPRIIZA7THY a gene
encodi ng a pyrophosphate dependent phosphofruct oki nase enzyne. 1sol ation

of Cl Metabol ip&dmnchbﬁrp@mw iartee ShainC1Byesmbchisziatoway armethgme-sns of the

har act er i »ed. Uk BraRulfLindl P a yalfds SR et LB R o

addi tion of anongmmrhﬂmumodudionsﬁaﬂf@ms foqmtbensmgl%(ke"sm‘pte;n @émraany

containi ng eit hfey M%eﬂoeg%%ﬂ@ flow rb‘B‘lﬂ%ﬂFgﬁ%é%W pume gas
pI cal

rati o and cultures are '{dyplca |ncu ate bet we
vari ety of Xifferenfcaaidig bfhﬁ)@ﬂ@isé”?@\fﬁﬁwrépf%”%ﬁ geethogi fat & from a

first enri chmepioductiohtof bscd@bt@h@w é&mﬁburﬂ%@ﬂpn@ﬂb%ré@iﬂlr@ areghsformed growt h
Is first visi b %gt hods foi ut; ol ation of nethanotrophs are common
and wel | known r{n? oliging hestcelpv rrpl e Thomas D. Brock in

Bi ot echnol ogy: A Tetd)boolgrows lomda €X1r ¢aabolisabsivate! sedgcted Soootie dgaiupi on

(1989) Sinauer Associate e ' . hpande, Mikund V.,
Appl . Bi ochem Bi otechnolﬁonég@jg%@}g arﬁ"ﬁs%ﬁ‘f R S. et al. The

Prokaryot e} a handfiok oampabes atfenctional mhﬂen -Meperhafieathan pathway, of
bacteria; Springer- %@iﬁ'&%h\&%&%bh‘gyrlsl}ﬁ;‘%g@ﬁgenégéﬂiﬁ Hﬂog%sﬁhat@hapter 118).

As not ed above, pre erre orporates 30 an
active Enmbden- Meyer ABPERR WSHBOfVH@PE‘QﬁéﬁeWY"E“ﬁe presence of a
pyr ophosphat e @@mmﬁ@ﬂopm@b@ﬁmmmamtsmg is contenplated that the

present teaching w enerar ldent nd. | oI at i on of
e rar strains. Forngangiebd i Sarnins pt AR BB U AR n o
growth striin abxquitbas; ant! manyahawbbegaisolated mendothaoptierinsd .nd garieraki t her 35

th f t
Enbdon: Neyer hofo and Rae e el <1 Tﬁgﬁﬁﬂé ERGE PO TS

dependent phosﬁwedd@u&mm@ls i2, rentairieg egbenmedianss or methan®bt r ophs
are common_andCypé mist®embde bR theldlumeagad RitiofRIBbIRIrS aly/pdali§617

PCT/ US01/ 27420. Tho
pyr ophosphate ”&HB@%@%&W@%@%%C&MRFHE‘ZS paist )Sé’éﬂl#%?')‘t '@ﬁ%%f%prﬁ(%ed in
mammal i an 3y st bastedincansisaisotatbd raen bdvat ebmehmmitl if dés/ platqxbdr $tsesked or

exanpl e Schl | S ] rk et

g oal . 8@& +5hd?ée§,a \fv%l? %5 hqg 3{91\16%613 g‘égthéggﬂrhthé%scﬁgn%go?

M cr obi oI ogl st maithanateopiisl @reteoromentansswel lseomin duthe ar (See fer exaraple pr esent
Thomas D. Brock in Biotechnology: A Textbook of industrial Microbiology,

Second Edition (1989) Sinauer Associates, Inc., Sunderland, MA;

25 Deshpande, Mukund V., Appl. Biochem. Biotechnol., 36: 227 (1992); or
Hanson, R.S. et al. The Prokaryotes: a handbook on habitats, isolation,
and identification of bacteria; Springer-Verlag: Berlin, New York, 1981;
Volume 2, Chapter 118).

As noted above, preferred C1 metabolizer is one that incorporates

30  an active Embden-Meyerhof pathway as indicated by the presence of a
pyrophosphate dependent phosphofructokinase. If is contemplated that
the present teaching will enable the general identification and isolation of
similar strains. For example, the key characteristics of the present high
growth strain are that it is an obligate methanotroph, using only either

35 methane of methanol as a sole carbon source and possesses a functional
Embden-Meyerhof, and particularly a gene encoding a pyrophosphate
dependent phosphofructokinase. Methods for the isolation of
methanotrophs are common and well known in the art (See for example
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hi gh growth strain. Genes Involved in Carotenoid Production. .The enzyne
pat hway involved in the biosynthesis of carotenoids 10 can be conveniently
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present only elnsiomibiclogist WilEbé aBRY toareoheseitechHiykas fvvadenifylthe eesigfded.
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cell. Wiere I PP syn S1,S,.) ' ol | e
necessary to introdﬂ?‘% %‘}?J"?%ngg“ﬁggﬁé{s@g?@Wg@@ﬁgﬂﬁbggﬁc fi(fghét‘g%idlgP. 25
Each of théée ganbregenwEnientlyeieved instyeeipbes diveiuppesistprenoitipativpper

| soprenoi d Pat byg)dihgRoPtHRSYEHResbA &E?%@tﬁp?%e%lﬂaﬁwélﬁg%pﬂ fvays.

First, PP rmay be synthesized thyroug own acet at rrpva?onate
pat hway. Howe PS,OPF\Q/E%H;%'E P@Ehﬁ%%@%ﬁ‘é’ﬁf saedengiddlesyathelical onat e 30

depelndent pat gmwwiwhﬂchhpmﬁﬂ@émritng%@gthbb}éitdg@mmé éﬂg@iallAn alter?atg g
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" Bacter a andapreqrtlieed Rivaiiipids. THERES Baflbiens diadiots Fes
M crobi ol . 13 et manylQ1 18&8tabslizitcd aB)cordRamisms aetd ialtheSe cadestit wilk6hly kﬁeﬂ- 52|4
1993): Sch ls.. ;4B ; - : ' ' et al.,
broc. hat achgeesard toinidioRRnes et dotnbliss IHERler AP RInhE D -
i soprenoi d pat Riegysthasis rhiberdgsiiedutasotenoid=dihe keyatipision betweenithedwost eps
f th |t [ ' \Y en
re e T e 32 s A S e S
W 9 i
Cole et al. (NIVRR'E BFas etk Prassl Y qigmeants of the lewescaraiendigt hway
i nvol ves t2@ copatievsmanilobe atetivd. Blovmveort il Beppsedinwiuhat forahd lower

b 1 Heoxyxyi ui SEUTER EIRRAY obleX 5bE dtethiE bRl ERHDH L of e didg e,
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- deoxyxyl ul osetrrs BER SIS PPy HtheaiCiaTitprbviBeg by HAE Hodt 241, it will be
hecessary to introduce the genes necessary for the production of IPP.

25  Each of these pathways will be discussed below in detail.

The Upper Isoprenoid Pathway

IPP biosynthesis occurs through either of two pathways. First, IPP
may be synthesized through the well-known acetate/mevalonate pathway.
However, recent studies have demonstrated that the mevatonate-

30 dependent pathway does not operate in all living organisms. An alternate
mevalonate-independent pathway for [PP biosynthesis has been
characterized in bacteria and in green algae and higher plants (Horbach
et al., FEMS Microbiol. Lett. 111:135-140 (1993); Rohmer et al, Biochem.
295: 517-524 (1993); Schwender et al., Biochem. 316: 73-80 (1996):

35 Eisenreich et al., Proc. Natl. Acad. Sci. USA 93: 6431-6436 (1996)).

Many steps in both isoprenoid pathways are known (Figure 1). For
example, the initial steps of the alternate pathway leading to the
production of IPP have been studied in Mycobacterium tuberculosis by
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phosphate. One of the enzymes involved in the isonerization and reduction
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cycl odi phosphat (.é’%rsglorp]o# 1889 || -characterized. The enzynes encoded by
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the reactidas | ead| ¥exto osifiomhydroxp gnownof 4-dighaspihosplio€Q-1 PP) and
di et hyl al | yl Eﬁ@@%rﬂo(%@bmk %@%e@ﬁw éﬁ%ﬁf Hé?gn&é’nt'?yg@%ﬁ” a I'PP

| SOnNerase, enc et\% ver _thi's enzyne 1S no
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essential for Zy&?ﬁjeﬂﬁ?f;%{e gﬁln?glé?ﬁ B gang o fdismBiodse ah%qhvgylates
A hD'E e{#ﬂiﬂho@phoéyttd?&i&?@teﬂ%%&bythrﬂgt F%%Mg%%ﬁgﬂrgégﬁ% roduces
FuavEsts Lhat, e PO ORISHALS) e B AR Sl s S0,
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b+ oy o T ISRE BRI SATEONS LS AIPRITRENA ™,
Table 2. 5 Tab|2€C»2net yl- D—erythrltol 2-phosphate to 2C-methyl-D-erythritol 2,4~
cyclodiphosphate in a CTP-dependent manner. This gene has also been
recently renamed, and belongs to the isp gene cluster. Specifically, the
25  new name for the ygbB gene is ispF (SwissProtein Accession #P36663).
It is known that 2C-methyl-D-erythritol 2,4-cyclodiphosphate can be
further converted into IPP to ultimately produce carotenoids in the
carotenoid biosynthesis pathway. However, the reactions leading to the
production of isopentenyl monophosphate from 2C-methyl-D-erythritol 2,4-
30 cyclodiphosphate are not yet well-characterized. The enzymes encoded
by the lytB and gcpE genes (and perhaps others) are thought to
participate in the reactions leading to formation of isopentenyl
pyrophosphate (IPP) and dimethylallyl pyrophosphate (DMAPP).
IPP may be isomerized to DMAPP via IPP isomerase, encoded by
35 the idi gene, however this enzyme is not essential for survival and may be
absent in some bacteria using 2-C-methyl-D-erythritol 4-phosphate (MEP)
pathway. Recent evidence suggests that the MEP pathway branches
before IPP and separately produces IPP and DMAPP via the lytB gene
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Sources of Genes Encoding the Upper |soprene Pathway Gene. Genbank
Accessi on Nunmber and Source O gani sm dxs AF035440, Escherichia coli
Y18874, Syoevissenccus PCC6301 AB026631, Streptonyces sp. PC/USO/27A8042821,

Streptonyces griseol osporeus AF111814, Plasnodium fal ci parum AF143812,
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Kl ebsi el | a pneunoni ae, AJ297566, Zea mays ispD AB037876,. Arabi dopsis
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eufg[)glea Us Ofyf& TovoTe AF035440, Escherichia coli

Y 18874, Synechococcus PCC6301
AB026631, Streptomyces sp. CL190
AB042821, Streptomyces griseolosporeus
AF111814, Plasmodium falciparum
AF143812, Lycopersicon esculentum
AJ279019, Narcissus pseudonarcissus
AJ291721, Nicotiana tabacum
dxr AB013300, Escherichia coli

: AB049187, Streptomyces griseolosporeus
AF111813, Plasmodium falciparum
AF116825, Mentha x piperita
AF148852, Arabidopsis thaliana
AF182287, Artemisia annua
AF250235, Catharanthus roseus
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AJ242588, Arabidopsis thaliana
AJ250714, Zymomonas mabilis strain ZM4
AJ292312, Klebsiella pneumoniae,
AJ297566, Zea mays
ispD AB037876; Arabidopsis thaliana
AF109075, Clostridium difficile
AF230736, Escherichia coli
AF230737, Arabidopsis thaliana
ispE AF216300, Escherichia coli
AF263101, Lycopersicon esculentum
AF288615, Arabidopsis thaliana
ispF ABQ38256, Escherichia coli mecs gene
AF230738, Escherichia coli
AF250236, Catharanthus roseus (MECS)
AF279661, Plasmodium falciparum
AF321531, Arabidopsis thaliana
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AF291696, Streptococcus pneunoni ae
MB7645, Bacillus subtillis U38915, Synechocystis sp.

AF323927,

X89371, C. jejuni

Pl asnodi um f al ci parum gene

gCcpE sp ®049861Bp P54482 tr Qpky3 fir @Z8HO sp 0840BOT/US@/P20433 sp
P44667 tr @QZLLO sp 0333 pir S77159 tr (OWZ3 sp 083460 _tr (0J740
tr QOPPM  tr | EBXCO tr AAGAF020189rAqaEibihcErspnB&M18r ef erred source] of
genes for the| upper isopreneAFRaBEMYBIMKhbRRBIAERAbridmgENtion is from
Met hyl onbnas [6a. Met hyl onp [ rtl | _suited for the
present invention, as 5 the %g?ﬁiﬁg?’r%Bﬁgﬁoébﬁ‘g‘&sﬂﬁé%@@@%ﬁkp| gnent ed,
produci ng a 3D-carbon car ol hGRdI2 TrHtlasmasitrg flaieEdmigenRel | - endowed Wi t h
t he genes of the upper isoiﬁN@?@élﬁaBlamwys s8btjliences of these preferred
genes are presented as the|{gbawi 8gnekddyRisgpbers: the dxs gene (SEQ ID
NO: 5), the dxrgene (SEQ ID %93 1te(e. '.'Lhﬂp " gene (SEQ ID NO:9), the 10
" CEO 1D NO-11) 1. Gdeidmls . Sea I D NO-13) the "ourG
I SpE gene ( - ) m— LI 4 IVU-TI--LT, L N A ‘f@.‘l 3\7!1\’ \U‘L\?—'I =TT NO Wl y LAY r.l]l A4
gene (SEQ I D NICRE), and t heSPIGRHEY%ene (SEQ ID NO: 17). The Lower
Car ot enoi d Bi psynt hetic Pat hepy5482f or mati on of phytoene is the first
"true" step uhique in the )'{rcggﬂg);gesi s of carotenoids and produced via the
| ower carotenpid 15 biosynt Be %’% ﬁgt hway, despite the conpound's bei ng
col orl ess. The synthesis of h(; % occurs via isonerization of IPP t¢
di methyl al |yl | pyrophosphat ¢SPIOMEE90. This reaction is followed by a
sequence of 3| 29 WO 02/ 1861 ¢pPQ43301/ 27420

sp P44667

tr Q9ZLLO

sp 033350

pir S77159

tr QOWZZ3

sp 083460

tr Q9JZ40

tr QOPPMI

tr QORXC9

tr AAG07190

tr QOKTX1

The most preferred source of genes for the upper isoprene

10

15

pathway in the present invention is from Methylomonas 16a.
Methylomonas 16a is particularly well suited for the present invention, as

the methanotroph
carotenoid. Thus,

is naturally pink-pigmented, producing a 30-carbon
the organism is well-endowed with the genes of the

upper isoprene pathway. Sequences of these preferred genes are
presented as the following SEQ ID numbers: the dxs gene (SEQ ID
NO:5), the dxrgene (SEQ ID NO:7), the “ispD” gene (SEQ ID NO:9), the

‘ispE” gene (SEQ
gene (SEQ ID NO

ID NO:11), the “ispF” gene (SEQ ID NO:13), the “pyrG”
:15), and the “lytB" gene (SEQ ID NO:17).

The Lower Carotenoid Biosynthetic Pathway

The formation of phytoene is the first “true” step unigue in the

biosynthesis of ca

rotenoids and produced via the lower carotenoid

biosynthetic pathway, despite the compound’s being colorless. The
synthesis of phytoene occurs via isomerization of IPP to dimethylallyl

pyrophosphate (D

MAPP). This reaction is followed by a sequence of 3

29



prenyl transferase reactions. Two of these reactions are catal yzed by iSspA
| eading to the creation of geranyl pyrophosphate (GPP;, a 10-carbon
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30- car bon pi gmprénylffhesfgese eattionenTwdi ofghéXs e acjiond ateasatalyzeddsponsi bl e
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condensation reacti crm]eogeﬁef@rtmIaﬁ@tmf%oﬁ\f/e@@?ﬁegﬂwhpﬁd%pha_féﬁoq!mh%@e |
(PPPP), the_first 40-c A? nol ecul e of the | ower “carotenoid biosynthesis
pat hway. Th?s é’ﬁ??ﬁ’é‘gig ggi‘ﬁ”&?ﬂ POregital yzed by crtB, encoding phytoene
synt Ease. Lycgpene, Tilei gdne mﬁrémcmirgg SGPReyntheta quésmnéiblengﬂiﬁCEd from
15 toene thr ydr nati on r | QNS t he
remp))vgl of ei gf?’?p g{é@&@}%}ﬁ%‘y&g?%ﬁ‘%‘o%@%ﬁﬁgﬁ°8 Hiy %@dg@é) @'Fﬁyn{@?&%di ng
phyt oene desat @f abgloenentdrisreerclioneasidsn PihiosF Plé 4e praducer @ 2prylodh uene,

ta- t : t nverts | ycopene
o (1 - car of ene 0o B o B i v g s

to (i-carotene. -caro C ] axanthin via a
hydr oxyl at £®n r eact iFéallys asendengatiororaactien & two imgleeules of &R @seur

_hyd{ ﬁxyl ase 5 efs fstafiphytobhe (PPPP), BRITast 4RoaEH PSRN 6f the 18fef Nt er nedi at e
In IS reactl on.

R-caratene, i s _converted 1o canthaxanthin b 3-caf ot ene
ket ol ase enco&@EPtBQOi?jHEO%WﬁV@%ﬁé’?ﬂ%W'ngh’ﬁr?é‘zym G r?ﬂ?té?’h‘éd‘%/aéﬁ’ XZ?‘ﬁE’V hi s
reaction. 25 CdBY{ kagadingiphyteend sythdse.converted to astaxanthin by
P- car ot ene hydr oxyl N 2 Lr N . n
nt or medi at o in 3 nidcoBARE o buhdlls Bt AiSied B20Ha! (dfrofybda fBm
zeaxant hi n1p- diPjyieansi theougiiosr seguential slehydiogeariioe deastionsdyahehi n
gl ucosyl trans ; | nt hi n
by R-carotene ¥ etgglglaésfcélée@?c%tgg% y crt éhgra?%?%%wgg?wigéﬁggg trﬁ:i%n?r?b‘;l an
i nt er medi at e i RNYIARNe desildiask). BigErefiaue il Isactionate patyoflgene,
spher oi denone byt ph@tonslent nemogpaegenase encoded by crt A 35 Nerosporene

api 1111 oxanthi - by HESRUEExARss (LEORERTEE b oparE 0 e B ene synt hase.
met hoxyneu2@spor ene Peearataneais coandrtad ta\@eaz4riBidi visRChy tisxylatizn 26action
hydr oxyneur ospog&iignd ki the AdtRftY bf pasfoMedtRfoadd EerftbliCd 15 thE A4
gene). B-cryptoxanthin is an intermediate in this reaction.
B-carotene is converted to canthaxanthin by B-carotene ketolase
encoded by the crtW gene. Echinenone in an intermediate in this reaction.

25  Canthaxanthin can then be converted to astaxanthin by B-carotene
hydroxylase encoded by the crtZ gene. Adonbirubrin is an intermediate in
this reaction, ,

Zeaxanthin can be converted to zeaxanthin-B-diglucoside. This
reaction is catalyzed by zeaxanthin glucosyl transferase (criX).

30 Zeaxanthin can be converted to astaxanthin by p—carotene
ketolase encoded by crtW, crtO or bkt. Adonixanthin is an intermediate in
this reaction.

Spheroidene can be converted to spheroidenone by spheroidene
monooxygenase encoded by crA.

35 Nerosporene can be converted spheroidene and lycopene can be
converted to spirilloxanthin by the sequential actions of
hydroxyneurosporene synthase, methoxyneurosporene desaturase and
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crtF genes, respectively. (3-carotene can be converted to isorenieratene by
b-carotene desaturase encoded by crtU 5 Genes encoding el enents of the

| ower camodendied7 bi osynthetic pathway are known from a vBeT/@®@s41/27820p] ant ,
animal, and bacterial sources, as shown in Table 3. Table 3 Sources of
Genes Encodi ng Hybleoxymesirospren eibivktiByvapsierets endeateiviayythe X0t Gantd @vdbank

Accessi on Nunb FaggW ni smi spA AB003187, M crococcus | uteus
AB016094, Syneartoc cc%sgc}%%%gta@?%g AB021747, Oryza sat Iaﬁ’ FPPSI gene for

farnesyl di phosphatfecaipienmean Raepsyared to SHHeieNe PR RGHBPIRNS  AB028046,
Rhodobact er capgshfirdse eNB8d89HY crignodovul um sui fidophil um AF112881 and
AF136602, Artem sia annua AF384040, Nentha pi perita 0694 cherichia
coil D13298, B. st %%smcﬁﬂg plthengss he Iy maratsip g itagtc

A. thaliana Yl3atRwafpaes koownfrond 498ty b plaatidnimals bad Uee60E| séuadsisdopsi s

t hal i ana farnesyl_.di synt hase precursor (FPS1) nRNA, conplete cds
X76026, K. |acti W@ﬁ@gﬁ%ﬁfar nesyl di phosphate synt hetase, QCR8 gene

for bcl conplex, subunit VIII1 X82542, Hahigydntatum nRNA for farnesyl

di phosphat e synthase(diPBbhedaRbaind rd! AR AL MO Bty ntitfiastthway
di phosphat e synthase ) nD sapi ens, Tar nesy I phoSphat e
synt hase (ﬂer syl pyrophosphate synthet ase

di net hyl al | yl tir@agé r ansf er ase|, GegbaMfe AbdesSidr Nekelbh&o8Ad 27420
geranyl transtriansferase), cl ongml\l/'%% b?_ggglslml\/AGE
ispA AB003187, Micrococcus luteus
AB016094, Synechococcus elongatus
AB021747, Oryza sativa FPPS1 gene for farnesyl
diphosphate synthase
AB028044, Rhodobacter sphaeroides
AB028046, Rhodobacter capsulatus
AB028047, Rhodovulum sulfidophilum
AF112881 and AF136602, Artemisia annua
AF384040, Mentha x piperita
D00694, Escherichia coli
D13293, B. stearothermophilus
D85317, Oryza sativa
X75789, A.thaliana
Y12072, G.arboreum
749786, H.brasiliensis
UB80605, Arabidopsis thaliana farnesyl diphosphate
synthase precursor (FPS1) mRNA, complete cds
X76026, K.lactis FPS gene for farnesyl diphosphate
synthetase, QCR8 gene for bc1 complex, subunit VI
X82542, P.argentatum mRNA for farnesyl
diphosphate synthase (FPS1)
X82543, P.argentatum mRNA for farnesyl
diphosphate synthase (FPS2)
BC010004, Homo sapiens, farnesyl diphosphate
synthase (farnesyl pyrophosphate synthetase,
dimethylallyltranstransferase,
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4132071, nRNA, conpl ete cds AF234168, Dictyostelium di scoi deum farnesyl
di phosphate synthase (Dfps) L46349, Arabidopsis thaliana farnesyl
di phosphav@02/s86mt hase (FPS2) nRNA, conpl ete cds L46350, Ar@biudapyis

t hal i ana farnesyl diphosphat
nal i ana farnesyl (@
conpl etle
exons 1-8 NM
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alternative p
synt hase gene
synt hase (far

conpl ete cds
(farnesyl pyr
geranyl transty
di phosphate s

034498 Honop s
synt het ase,

(FDPS), nRNA
(farnesyl pyr
02/ 18617 PCT/

svnt hase (EPS2) gene, conplete cds L463

67,

oduct s,

hesyl

/nt hase
api ens farnesyl

XMD34499 Hono

i et Ryl al |yl t e ?@?@98}53'53@1

bphosphat e synt hey
JS01/ 27420 ger an'%st ranstransferase)

@rﬁaﬁaexsférﬁgém&me(lﬁ%@)lsswwmtz
MBQ945, Rat cgstrasyl di phosphat €
% nesyl

66?3 Z CORIA di phosphat e

] ’dﬁ*ﬁ% QNI A IR K
asAfedmdrms théilipha $pnasy drglymﬂtwde
%zﬁﬁ%ngmﬁll*%‘%g%lgh' ¥6@BM§EH§”S‘° er ase,
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A653hls A2lRREIS taglanadieraasy] diphosphate
MRNA

P HinrBrRRgs)

s aphthasef(BPBd$ gkndj zpitmeamaa prcm&umté)&smplete
se, dinethylallyltranstransferase, 3
(FDPS), nRNA

9945, Rat farnesyl dlphOSphate synthase gene,

exons 1-8

NM_002004, Homo sapiens farnesyl diphosphate
synthase (farnesyl pyrophosphate synthetase,
dimethylallyltranstransferase,
geranyltranstransferase) (FDPS), mRNA

U36376
Artemisia annua farnesyl diphosphate synthase (fps1)
MRNA, complete cds

XM_001352, Homo sapiens farnesy! diphosphate
synthase (farnesyl pyrophosphate synthetase,
dimethylallyltranstransferase,
geranyltranstransferase) (FDPS), mRNA
XM_034497

Homo sapiens farnesyl diphosphate synthase
(farnesyl pyrophosphate synthetase,
dimethylallyitranstransferase,
geranyltranstransferase) (FDPS), mRNA
XM_034498 |

Homo sapiens farnesyl diphosphate synthase
(farnesyl pyrophosphate synthetase,
dimethylallyltranstransferase,
geranyltranstransferase) (FDPS), mRNA
XM_034499

Homo sapiens farnesyl diphosphate synthase
(farnesyl pyrophosphate synthetase,

XM

hat e

dimethylallyltranstransferase,
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XM 034500 Hono sapi ens farnesyl
pyrophosphat e synt het ase,
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RE A AR S
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er signal recognition particle
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( é‘§y'ﬁ'§ Iete cds AF139916,

¥9 geranyl geranyl

hase (paxD) gene
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AF020041, Hel i ant hus
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I 1i
[ onme

j‘nqasn /pnv(\\ —

))cytj\énase (paxM
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aer Qi
ISyirmibasé) |usit
synt hase, exor]s

nal i ana nmRNA for

(
I
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pyrophosphate synt hase
RS RN MR o o

ABO1B04Zdrte ABOr10086 Horoasaigres
%&%B@%&%S% ophosphat e synt hase,
AB027705 and AB0277086, Daucus carota
AB034249, Croton sublyratus

AB034250, Scoparia dulcis

AF020041, Helianthus annuus

AF049658, Drosophila melanogaster signal
recognition particle 19kDa protein (srp19) gene,partial
sequence; and geranylgerany! pyrophosphate
synthase (quemao) gene,complete cds

AF049659, Drosophila melanogaster geranylgeranyl
pyrophosphate synthase mRNA, complete cds
AF139916, Brevibacterium linens

AF279807, Penicillium paxilli geranylgeranyl
pyrophosphate synthase (ggs1) gene, complete
AF279808

Penicillium paxilli dimethylallyl tryptophan synthase
(paxD) gene, partial cds;and cytochrome P450
monooxygenase (paxQ), cytochrome P450
monooxygenase (paxP),PaxC (paxC),
monooxygenase (paxM), geranylgeranyl!
pyrophosphate synthase (paxG),PaxU (paxU), and
metabolite transporter (paxT) genes, complete cds
AJ010302, Rhodobacter sphaeroides

AJ133724, Mycobacterium aurum

AJ276129, Mucor circinelloides f. lusitanicus carG
gene for geranylgeranyl pyrophosphate synthase,
exons 1-6

D85029

anyl

conplete
i um aurum AJ2761

2/ 18617 PCT/ US01/ 2742

cds

o,
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L25813, Arabidopsis thaliana L37405, Streptonyces griseus geranyl geranyl

pyrophosphat e

pyr ophosphat e
thal i ana preg
cds X92893, C
marcusii crt
crtY AF139916
Br adyr hi zobi u
AJ133724, Myc
| usi t ani cus

AJ276965, Phy
synt hase/l yco

D83513, Erythr

(LYC) nRNA, c
thaliana |yco
thaliana |yco
cds U62808, F

synt hase (crtB),
synt hase waht/k861genes,

phyt oene desaturase (cftE) and phytoen

er anyl ger anyl

roseus X95596,
X D90087, E.ure
Brevi bacteriu
m sp. ORS278 Al
bbact eri um aur uf
car RP gene for |
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pene cycl ase, exq
obact er | ongus
bnpl et e cds NB?ﬁ
pene epsilon cy
pene f3 cycl ase
avobact eri um A}

Wd@doswaamdlmnnﬁa@efqrmmlgmm conpl
(gihlo%gHé Wﬁﬁg ggnﬁé{;lgaSﬂSllZ Par acg

698, Pantoea aggl oner

?5%@%5”@%@4@3 @8 rus x paradisi AF21]
'222165’,, SthéptoRiyeBYE ¢riseds g@mlﬁraﬁyln | FOL3

b 826?@% R A e T

Eé@t&bﬁrmhplmogeesynﬂ’rmse pﬂhfyh) genes, complete
gg D58420, Agrobacterium aurantiacy
L 176 Ar abi dopsi s thaliana | ycopene cyd
> $1 5738k weinua gl usngeanylg 8 Ar abodops|

VWWV\D 02/ 186?@6&/ USOl/ 27rﬁgl@ R oo

con
régs 1588
U44876, Arabidopsis thaliana pregeranylgeranyl

pyrophosphate synthase (GGPS2) mRNA, complete
cds

X92893, C.roseus

X95596, S.griseus

X98795, S.alba

Y15112, Paracoccus marcusii

e

conplete cds U15778, Lupinus al buchﬁsmlmh@eranyl
acvuyunthacao { ~An 35 | \ AHRNA canml-at oo nrlo— 1LIMAQ 7 okt A~ g
SyTtTast Y LLLR A &Y COTTpPT €t oS U070, I'\I aU‘lUUlJD‘I

ete
ccus
ans
8415,
350

1-2

m
| ase
S
S
pl ete

crtX D90087, E.uredovora
M87280 and M90698, Pantoea agglomerans
crtY AF139916, Brevibacterium linens

AF152246, Citrus x paradisi

AF218415, Bradyrhizobium sp. ORS278

AF272737, Streptomyces griseus strain IFO13350
AJ133724, Mycobacterium aurum

AJ250827, Rhizomucor circinelloides f. lusitanicus
carRP gene for lycopene cyclase/phytoene synthase,
exons 1-2

AJ276965, Phycomyces blakesleeanus carRA gene
for phytoene synthase/lycopene cyclase, exons 1-2
D58420, Agrobacterium aurantiacum

D83513, Erythrobacter longus

L40176, Arabidopsis thaliana lycopene cyclase
(LYC) mRNA, complete cds

M87280, Pantoea agglomerans

U50738, Arabodopsis thaliana lycopene epsilon
cyclase mRNA, complete cds

us0739

Arabidosis thaliana lycopene P cyclase mRNA,
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X74599 Synechococcus sp.

L. escul enwwan/md&NA f or
N. pseudonar ci
desat urase, clonplete cds
pr onot er
precursor (Pds) nRNA, conpl
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AF
regi on and exon 1
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MRNA, conp

rsicon escul ent
car ot enoi d gene
phyt oene desat uf
0 U62808, Flavp

| ycopene cycl ase
X86221, C. annuum X86452,
X95596, S. gri seR6T/KSB79620

O@@%SE’[QZB@.S mays phyt oene desat urase (pdsl

Aﬁgﬂggg%ﬁ%ﬁ%ﬁﬂgr evi act eriumlinens

et e
AF251014, Tagetes erecta AF364515
' 8h ﬁ@étﬁfdo@ﬁﬂts’:lgp sy gangfor 1PBSSde cllader ob3
Rg z a L37405, Streptomyces griseus
y ase (crtB), phytoene desaturase (d
gletabacumdhﬂl-ét@neoemmweppezrwcmgse phy
ﬁtsgzggsclg%ag Soybean phyt oene desat ur g

t 0eéne esat urase (pds) nRNA, conpl

xBﬁéﬁ rL.esqulgntuny st fer Im&qrse B%p@ﬁgm

K96596 F@@},Sggge partial cds 35 WO 02/ 186

QB5156 W loGaagiR, 155769, Synechococcus

ngg)gane desat ur ase

X81787 N.tabacum

ene
gene

2}

%
\ct er

ftE)
t oene
se
ete

)17
pds

cril

AB046992, Citrus unshiu CitPDS1 mRNA for
phytoene desaturase, complete cds

AF039585 |

Zea mays phytoene desaturase (pds1) gene promoter
region and exon 1

AF049356

Oryza sativa phytoene desaturase precursor (Pds)
mRNA, complete cds

AF139916, Brevibacterium linens

AF218415, Bradyrhizobium sp. ORS278

AF251014, Tagetes erecta

AF364515, Citrus x paradisi

D58420, Agrobacterium aurantiacum

D83514, Erythrobacter Jongus

L16237, Arabidopsis thaliana

L37405, Streptomyces griseus geranylgeranyl
pyrophosphate synthase (crtB), phytoene desaturase
(cftE) and phytoene synthase (cftl) genes, complete
cds

139266, Zea mays phytoene desaturase (Pds)
mRNA, complete cds

M64704, Soybean phytoene desaturase

M88683, Lycopersicon esculentum phytoene
desaturase (pds) mRNA, complete cds

S71770, carotenoid gene cluster

U37285, Zea mays

U46919, Solanum lycopersicum phytoene desaturase

(Pds) gene, partial cds
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desat urase X59948, L.escul entum X62574, Synechocystis sp. pds gene for

phyt oene

L. escul entum
carB gene X7

Dunal i el | a bat
Par acoccus maf

R capsul at us
MRNA for phyt
AB037975, Cit
(PSY) gene, ¢
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Zelsiaturasp. ORS278 AF220218, Citrus unshi

16(4p7a2/ 18617 PCT/ USO1/ 27420 gene) AJ308

Lycopersicon esculentum pds gene for phytoene
desaturase

X78271, L.esculentum (Ailsa Craig) PDS gene
X78434, P.blakesleeanus (NRRL1555) carB gene
X78815, N.pseudonarcissus |

X86783, H.pluvialis

Y 14807, Dunaliella bardawil

Y 15007, Xanthophyllomyces dendrorhous
Y15112, Paracoccus marcusii

Y15114, Anabaena PCC7210 crtP gene
Z11165, R.capsulatus '

ngl ete cds AJ010302, Rhodobacter
287, Phyconyces bl akesl eeanus car RA
GannhamedsATB for phytee® desataiaseus nR

a PSY

Se
Ctrus

u

gene
NA
385

crtB

AB001284, Spirulina platensis

AB032797, Daucus carota PSY mRNA for phytoene
synthase, complete cds

AB034704, Rubrivivax gelatinosus

AB037975, Citrus unshiu '

AF009954, Arabidopsis thaliana phytoene synthase
(PSY) gene, complete cds

AF139916, Brevibacterium linens

AF152892, Citrus x paradisi

AF218415, Bradyrhizobium sp. ORS278
AF220218, Citrus unshiu phytoene synthase (Psy1)
mRNA, complete cds

AJ010302, Rhodobacter

AJ133724, Mycobacterium aurum

AJ278287, Phycomyces blakesleeanus carRA gene
for lycopene cyclase/phytoene synthase,

AJ304825

Helianthus annuus mRNA for phytoene synthase (psy
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Hel i ant hus annuus nRNA for phytoene synthase (psy gene) D58420,
Agr obact eri um auranti acum L23424 Lycopersicon escul entum phyt oene synt hase
(PSY2) mRDA/1ss0npl et e cds L25812, Arabi dopsis L37405, Strpepusenyre® gri seus

ger anyl ger any

|___pyrophosphat

synthase (crtB), phytoene desaturase
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gemses, conplete cds MB8424 Pantoea
e
AYEOA

(cftE) and phytoene synthase (cftl) genes, complete
cds

M38424

Pantoea agglomerans phytoene synthase (crtE)
gene, complete cds

M87280, Pantoea agglomerans

S71770, carotenoid gene cluster

U32636

Zea mays phytoene synthase (Y1) gene, complete
cds

U62808, Flavobacterium ATCC21588

U87626, Rubrivivax gelatinosus

U91900, Dunaliella bardawil

X52291, Rhodobacter capsulatus

X60441, L.esculentum GTom5 gene for phytoene
synthase

X63873

Synechococcus PCC7942 pys gene for phytoene
synthase

X68017

C.annuum psy1 mRNA for phytoene synthase
X69172

Synechocystis sp. pys gene for phytoene synthase
X78814, N.pseudonarcissus

pyrophosphate synthase (criB), phytoene desaturase

ea
7626,
r

73

n psyl
oene
acum
7420

crtZ

D58420, Agrobacterium aurantiacum
D58422, Alcaligenes sp.
D90087, E.uredovora
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Y15112, Paracoccus marcusii
D45881, Haemat ococcus pluvialis

crt W AF218415, Bradyrhi zobi um sp. ORS278

D58420, Agrobacterium aurantiacum D5

Al cal i geve@ 05®B61X86782, H. pluvialis Y15112, Paracoccus maPCD®R01/27¢20t O

X86782, H. pl uyi

alis Y15112_ _Paracoccus narcusii

crtU AF047490Q. Zea

AF121947, Ara
Lycopersi con g
AF372617, Gt
Nar ci ssus pse

Ei dopsi s thali arn
scul entum AF272
us x paradisi A
idonar ci ssus D2

a3, F%B%%?@E?N fAlod

M7 Mo Pagylohreags i um | i nens  AF195

rain | F013350
AJ224683,
X89897,

C. annuum Y151
sphaer oi des

nonooxygenase
Rhodobacter s
gel ati nosus X
crtD AJOL0302
Rubri vi vax ge
crtF AB034704
Chl or of [ exus

{

nabaena PCC

}gp Vgroi dene ZlJ
crtC A8034704
bhaer oi des  AF2§

and X63204, Rhq

Rubri vi vax gel

wrantiacus nef
Al ATTOC Aoy 11

*H&szocg?%t%tmm

52291 and 21116':(

ati nosus desat L%WMSHZ@&VIQM Z11165, Rhodobacter capsu

a0Ies 12nBakBRiE60s marabsiena sp.
%offobact e

@:? 35%%“'2%%" glz}igéer capsul at us

R85y HagrajeceaausduealiFr195122 and AJOL
irS\BddA$944, Rubriviv
atus Z21955, M xanth

(carotenoid 3,4- U7

cter capsu

dLLeAlchinaaes shes

1 O—I— %;lr ot enoi d AF288602

X52291 and Z1
The nost pref{

pat hway in the

orred source of

-Lant

1 £ Rhodobact qL

I’X&ﬁﬁ[ﬁQuH&ﬂluwahQS V\D 02/ 18617 PCT/ USOl/ 274

98385 of %ré&%chgwmﬁg[ ot enoi d bi osynt het |

8422,

ys
507,

=

0302,
ax
us
3944,
| at us

o e b aTa50, zeamays
AF121947, Arabidopsis thaliana .
AF139916, Brevibacterium linens
AF195507, Lycopersicon esculentum
AF272737, Streptomyces griseus strain IFO13350
AF372617, Citrus x paradisi
AJ133724, Mycobacterium aurum
AJ224683, Narcissus pseudonarcissus
D26095 and U38550, Anabaena sp.
X89897, C.annuum
Y15115, Anabaena PCC7210 crtQ gene
crA AJ010302, Rhodobacter sphaeroides
(spheroidene 211165 and X52291, Rhodobacter capsulatus
monooxygenase)
criC ABO034704, Rubrivivax gelatinosus
AF195122 and AJ010302, Rhodobacter sphaeroides
AF287480, Chlorobium tepidum
U73944, Rubrivivax gelatinosus
X52291 and Z11165, Rhodobacter capsulatus
) 221955, M.xanthus
crtD AJ010302 and X63204, Rhodobacter sphaeroides
(carotenoid 3,4- U73944, Rubrivivax gelatinosus
desaturase X52291and Z11165, Rhodobacter capsulatus
crtF AB034704, Rubrivivax gelatinosus
(1-OH-carotenoid | AF288602, Chloroflexus aurantiacus
methylase) AJ010302, Rhodaobacter sphaeroides

X52291 and 211165, Rhodobacter capsulatus
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sources. The "ispA" gene (SEQ ID NO 19) is native to Methylonpnas 16a, as
t he organi sm produces respiratory qui nones and a 30-carbon 5 carotenoid via
the 2- G veohylssir erythritol 4-phosphate (MEP) pathway. HPOEYES61/27420 _
Met hyl onbnas does not synthesize the desired 40-carbon carotenoids. FPP is
t he end- product of tThe est pafaitgssouice vEganes farthe lovesx eanatensidubsequent | y

converted to i blospatHetialpaBRwaniDmR preasntigdehfbrPdre fsmatidiily pf the sas,

. As 0 t | 1 referred host
or gani om the PafkeSenas (185% oené RO RO:{ S sdve fp Melhflamosss B8, of t he
gene for the paesﬂem_brganhantproducesTmFrrajapy'tqumotrntf;is}alme gngeicam(gf e][rteﬂe:ce)urce

f t I i [ a st .
preferrad gonecagt iy he o/ 8 3RN T Aasp BT SaPuay or ¢ ¢
gene (SEQ ID IHeweuepsYethyfunenasdoesnol SEthedrethddsirat 4¢coB@ | D NO 29),
the crtl _ genechBROB NPBN ind bt B BPf FER pRNAIP) and the crtZ
Al y, the cr o) e

EQ I D NO 35). Addit _ ene 1Sol a from Rhodococcus
g?;? hr (()golQi s A%iéy/)amnﬁﬁéﬁg& ‘Sa%J@QUBIﬂWGPBVBWQd_ foritsf ratueal J0ncarbon
combi nati on wi throwdhsd bgeneaction of ik BHEBINT %Mgﬁﬁﬁzﬁ?g%@“’ VictdSi Qggvari ous

i i f th ) t Tabl eferred genes of
the prasenty i nUEH SR R MG E! BpFyBaREm. das diadhapems (SR@ 1Dar ot eno
deri vati ves coNIOﬂ%)eisrthdenm&timgfewga smtrh@dg}h 0 eﬁ&@rmgﬁp%hggng n—p(O@lﬁr ggﬁgm For

i ded fficient 0 I, ilable in e hos .gan,
gig}/r;)! g, fﬁe IggIngncrﬁgtﬁégﬁtryt@@@%ﬁ%ﬁ%@@h‘?%@e B GAGEPPS AT Pridaasly ot ene.
Addi tion of thBoylPazteps stewantil Sasusiices of tesempretard genes ameaxant hi n,
while the cri GYCRER &8 U RIOWRRASELPID REABUA 10O RE ARG ihn and

' oducts eSent
Chvent on 1 1 NC28Y 86 CHRy e En oD NG BbATHY (SEOJBI NREBIH o | ncl udi ng
but not 30 |igéne(SEQ I@WDe3 B & br'rwa,ge@@qsieciart% N@‘-33?§h@"""’é‘gﬁtza@;eg§r ot ene
oo onecar ot SERRIBMOAY, AR Bl Hd @rBIS SR ionarotompaa -
crypt oxant hi n, edifaoprlinAN12, any prediedihyas SEQ HXAQ:BY s pfafemsant hi n,5
f ucoxant hi nol 1cérﬁBTn%ﬂbﬁrvﬂﬂﬁ%%%%ﬁéé'?@%ﬁgﬁp e | ycopene, 3

neoxant hi n, neur ospar ene, ( neur ospo Eé%nt:[i)e“ é'lBHI n, phytoene,
r hodopi n, 4hodopi n BY Y&HY riousi Gemabinrtienofthegsmesqirdsenied is flableod denone,

spirill oxant hi find tHd Pl hes | invK} ' : :
zgiaxant hi n- R- (sz% uf:Ogiedgﬁe%gghgéegg%égﬁ@séhﬁmg?%ﬁmmtb% I? F\l{];feerq?'?ton 39 WO

I hi n. |
62/ 18617 PCT/ USDBISPI0ANY GRlIBadE doryatvet Soeohage usingsiberpetiodses t o
creat e hydr oxyef, themresentyinvention: prapded suffieRnbesyrces ®F IRPP ¢l ¥Jatadignet i onal

groups, or the host organism. For example, the gene cluster crtEXYIB enables the

25  production of B-carotene. Addition of the crt Z to crtEXYIB enables the
production of zeaxanthin, while the crt EXYIBZO cluster leads to
production of astaxanthin and canthaxanthin.

It is envisioned that useful products of the present invention will
include any carotenoid compound as defined herein including but not

30  limited to antheraxanthin, adonixanthin, astaxanthin, canthaxanthin,
capsorubrin, B-cryptoxanthin alpha-carotene, beta-carotene, epsilon-
carotene, echinenone, gamma-carotene, zeta-carotene, alpha-
cryptoxanthin, diatoxanthin, 7,8-didehydroastaxanthin, fucoxanthin,
fucoxanthinol, isorenieratene, lactucaxanthin, lutein, lycopene,

35  neoxanthin, neurosporene, hydroxyneurosporene, peridinin, phytoene, .
rhodopin, rhodopin glucoside, siphonaxanthin, spheroidene,
spheroidenone, spirilloxanthin, uriolide, uriolide acetate, violaxanthin,
zeaxanthin-B-diglucoside, and zeaxanthin. Additionally the invention

39



gl ycosi de esters, or sulfates. Construction of Reconbinant Cl Metabolizing
M croorgani sms 5 Methods for introduction of genes encoding the appropriate
upper i sopoEmsipat hway genes or |ower carotenoid bi osyntheT/UsOZEIIIMAY
genes into a suitable Cl metabolizing host are cormon. M crobi al

expressi on sy%éwwﬁaeéﬁpﬂwg;afmv eoe snaentlas to apate butiamxgr,y sequences

suitable for exdheRpl g;aopfepmy_ercg} S &8 d“{@ﬁﬂsﬁé‘@bhéé ng hosts are

known. 10 Any of these coul use o cons I mer nes for
expr essi on 01}/ LY ?ﬂ@r%l%% faiedt i oned car oten0| d bi osynthetic genes.

These chi meri €Conetrasticw of Rebbﬁ{bl@tlm N@%E&SSI %Wqﬂﬂﬁ;r@@ﬁgngmns;tse (I/Ce)zi zr\s“ gr
f re .

coset tes ubetul t oMethESe RrldvoRiiartiisnes mcating Reatbr B Rieiurpeir o

avai | abl e. For isopsens patiwway géned a:slswrcbrqden@rdttﬁmsmm;dqgathﬂgt Icgce‘né(rgnte Qel )

f

CL ot abol | 2er oD Sy MRS et oRaiD Hest G4 BORBRE RSO LeRiEEgRE ouen as

t he deoxy- xyl uﬁﬁgﬁwﬁr@%ﬁé@r@sﬂpﬁtms contaivingaagllati penugrces suitgide on

pronoter (Spri ftg%“xp@éssﬁén of A8RFdIog0s GENGs M} @ﬁqaéfé'bohfimg Rt é‘l%%fl’?(%ﬁﬁ the

pronoter f é%ﬁ% §€gal lﬁgnm C CI d si?ltc esll Ser' %r et . fi e

Appl .M cro oI < boRineriggesnesfor exrresaiontof i e

from native pl asyrofithe abowe hwmbneomardtéﬁoxda%ﬁgﬁ%eenduse:gém;rhgobr t gxg frhe)lsg

'he pronoter. fonmat §etis da AT L€ I e ahobtals NoSth ¥Robi of ogy

(1997) 143: 595trgusformrtien & pyovide highyibveldxppession of theuetzyasedt r ¢ ( Br ﬁSl us

et al. (1984) Cene ‘%ctjo@éo%ééset@srﬁééwg}ﬁr thﬂr&ﬁ@&ﬁﬁ%qcﬁ?%ﬁ%g%o?dﬁ\ﬁg

ti bi ot esi s ana
ﬁ/lnclrolbiooic tfcﬁl%()arfl@lal’ﬂ le. Eeaéxampéﬁsewglcam plopromaiersrmby e,  (1991)

57: 924- 926) orusezifcaQM@IexPEes(s%rﬁof %Rmni, EpidlseRt catdtidid abl e Once

f t el ecte r onot er - gene cassette
can be 1 nt r odul By THBHY 48n8t B G rstSeasse inclicidian nobrdPAtng ot her

replicon for epidagriousypoestemsnsydhranther dedxyatylulods ﬁBSGhé(érs hefgaenhoek
(1551 52,15, o b 90l gl PR o o
57: 924-926) or hgimol po0ys Teqren- 10 {(24B8)e plomater 4&)polylty dAEKRAKAEGE 7
ditecting t i‘i"a‘”a ‘W??ﬁ‘“ﬁﬁ"ﬁef’@fﬂ? A MRS Biofodin RSP 46 28R . abi o
mar ker, and g%ﬁeﬁﬁ@?'ﬁ? 4?@“89@ Jieonbative plasmida ironethylethomhsodal
i ntegr ation. 296484). In addition to these native promoters, non-native promoters may
also be used, as for example the promoter for the lactose operon Plac
25 (Toyama et al. MiCrobioIogy (1997) 143:595-602; EP 62971) or a hybrid
promoter such as Ptrc (Brosius et al. (1984) Gene 27:161-172). Similarly,
promoters associated with antibiotic resistance, e.g. kanamycin (Springer
et al. (1998) FEMS Microbiol Lett 160:119-124: Ueda et al. Appl. Environ.
Microbiol. (1991) 57:924-926) or tetracycline (U.S. 4,824,786), are also
30 suitable.
Once the specific regulatory element is selected, the promoter-
gene cassette can be introduced into a C1 metabolizer on a plasmid
containing either a replicon for episomal expression (Brenner et al.
Antonie Van Leeuwenhoek (1991) 60:43-48; Ueda et al. Appl. Environ.
35 Microbiol. (1991) 57:924-926) or homologous regions for chromosomal

integration (Naumov et al. Mol. Genet. Mikrobiol. Virusol, (1986) 11:44-
48).
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Sui tabl e vectors conprise a region 5 of the gene which harbors 5
transcriptional initiation controls and a region 3' of the DNA fragnent

whi ch com@ot/s86tiT anscri ptional termnation. It is nost pre€eUsedRven bot h
control regions are derived from genes honol ogous to the transforned host
cell, although it i3ypicaliy thavectr ondasseite sothinsmsquehcesdirectingneed  not

be derived ffoﬁhhékﬁréﬂﬁﬁ%d‘ﬁépé’@h&?ow% @?&ggﬁ p‘éné%%él%%témé?ﬁfé}k%z g 10

producti on host e%ccurm ation o I'c carotenol d sired it
may be necess3PYUINSES M“@?UQWW%@pﬂ'ﬁ@'%W@?QmSOma dnipgeationgenes in

t _hek t?r get paShmaMeQredtcﬁrst@lmﬁisle@régﬁéﬂ?%ﬁthb@neﬂﬁbﬂoﬁ@fa\f@or?s Cogeg;n?ess
si nks for ener ern 00

15 vari Ouse.gengéng%@@géﬁ{ﬁb@ﬁlggsqo@rgﬁscap%@éﬁgﬁog%{ ﬁ? ﬁ?%@ﬁpa{rﬁngB enhange
producti on. Mewhistiscarfiralp trangoriptidnal teaminatiomn- It sgabst prefergethesehdyoth hi s
purpose have bg rcﬂ’?@{]%rngdare\évé‘?%d?r%hwggﬁgs %@*@1&%8 the 4 tsfo&h?rd"'pt ed is

known, one of t regul-a

targeted gene B‘P%trQﬁUt AbRoygHeitds fQ)lP%UQﬁeBWOd that sueh @thwhle@(ms raedict ur al

gene so as to AbielBEriVERNDAT tHétg!géHés dathve t%%ﬁe%e@nh&%%b?@s%o%@ﬁ as% €ation
of genetic asae ngc%n‘ggl sing the DNA to be inserte ten a genetic
ke

mar ker) fl e having a high degree of honpblogy to a portion
of the gene to be dvxﬂm:eta@dumuratmm BOeCifi céﬂ@@emwaéﬁremméme 25 host

[ | t t t. t
The nat: ve. raTeeREy i Blcel ot pinBhatede dieredlich by Sertiib gehgs T V'
Hami | ton et al targa@rmpway aBaie cempeting pathways7the6 iy favbas eimpeting 1993)
Ge 136: 211-2 | 9- 2524,
and s th el a%ﬁk(%"é‘*"@%bﬁ%éé%@“%ﬁ’ve@““ i Rl B dyer ot o
t echnol ogyld s YETHUSPCNRS WoRlream baRsired Gﬂﬁ%@'ﬂ@jdg’@ﬁéﬁedl@it@tgﬁ nggquence

of the target gg@m@cn@nknovm To acconplish this, a nucl.ei ¢ aci d segnent
fromthe desired ge s .cl oned an to a fer such
that the anti- senser@?trhgﬂa Ppﬁﬁﬂu%ﬂf‘s %@bﬁ/"%é B’é’?ﬂ gggegfﬂr Sonstruct is
t hen i nt r oducepurpose have bamtemmedarwlhermsmuermrm‘&hetgreaedo bef RNA is
produced. Anti b r i t he

oumit at i on of TR pcadlih, b oPFRTIBPEFI 8 RpeihogBUBRBIOGR ' 12, oo,
skil | ed i P& hereguiatign is taigsled gane sﬂwcpmn vbees theeigniDINA ig insatietintBs 17
PCT/ US01/ 274203tr@dt@raa@%ﬁels%t@éﬂtdm%mﬁtm%neéﬁ ®dn. aﬁ 5 38RA% éﬁ&&@&'bg%ss I n

Cevel of expr cSEPBRN oY ORREHG GReSEtsaadn r?g Q@pw"{on&exﬁg’én@a (aftener on;
chineric genetic marker) flanked by sequence having a high degree of homology to
a portion of the gene to be disrupted. Introduction of the cassette into the
25  host cell results in insertion of the foreign DNA into the structural gene via
the native DNA replication mechanisms of the cell. (See for example
Hamilton et al. (1989) J. Bacteriol. 171:4617-4622, Balbas et al. (1993)
Gene 136:211-213, Gueldener et al. (1996) Nucleic Acids Res.
24:2519-2524, and Smith et al. (1996) Methods Mol. Cell. Biol.
30 5:270-277))
Antisense technology is another method of down regulatmg genes
where the sequence of the target gene is known. To accomphsh this, a
nucleic acid segment from the desired gene is cloned and operably linked
to a promoter such that the anti-sense strand of RNA will be transcribed.
35  This construct is then introduced into the host cell and the antisense strand
of RNA is produced. Antisense RNA inhibits gene expression by
preventing the accumulation of MRNA which encodes the protein of
interest. The person skilled in the art will know that special considerations
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genes utilizing different regulatory elenments known to the skilled artisan.
5 Al'though targeted gene disruption and antisense technol ogy offer

ef fecti vavoeams1pf down regul ati ng genes where t he sequenB€TUSOTKATEAN,

ot her |ess specific nethodol ogi es have been devel oped that are not

sequence baseddrefssogicdeph theluss ofantisensedesbaadlogiesdn giderdeiradiom  and

then screencd dfeddien phfiRdiiRARLY For SbhRASTRS! ?odértl@vefmﬁm cal 10

agents is also effecti \F/P? generatin conmon used

subst ances mcﬁ)iﬁ’(ﬁ%S%Wé éﬁT'%erﬁ%ﬁe'@sf’@ Y redie e yseef HieguAChimeliGs  HNO2
and NH2OH, as gwids @iizhgeditierdriaég Laétfoeyatelerne@hwabwn%%sﬁmgb afsarpCri di ne

dyes, notaRle for c fra hlft t af.i ons ods for
c?/eat ing ndtants uﬁﬁboqggoﬁaéqqqeﬁ ggp%ﬂ%#pﬁgn 358@5‘&6%‘7‘% %@PP o9y Qfffunent ed
in the art. Sedffeictive eneand ef ddweneagulatingr geles whei thesssquenegys kAowaxt book
of Industrial athéf @ﬁg%besmgerﬁﬁ%agxoﬁﬁg% R dbé%?&é’\)e@éwgﬁﬁ S8 7ge! ates,

Bi ot echnol ., F&dugpge b@fgdzforﬁﬁam& q@ﬂﬁﬂé@é’@@ ﬁxeommw raghiatéion

di sruption is etrfbﬂh@ﬁ%dﬁéené’@fdrﬁﬁé‘%l@@ﬁé@bhén E@Nmﬁgénééléﬂﬁﬂﬁmcal

Transposo net [ s that .nserf ran but can be

| at t elro I’e{lﬁl 'St‘ﬂéo a?&&f\zeiﬂ l 'ﬁ%?@aﬁpﬁ%m%h!r‘@efjhe i nsertion
hashoccu[1 r Sd thb)stanaes include a:hémlcmlylthattafﬂecanerpwepltdaﬂng rﬁﬂh@dgg ase known. ]
Bot h net hods i i nation wt
2t r ansposase HeCe i MPEOHE Bsiefe; 2BBIRINAP Ao B g A TRLE, " <
contacted wit rﬁC”dlﬂﬂJ@Y%ﬁ dokalle for cayaing frameshift iputadionse &ﬁemﬁmeﬂeﬂmuisposase
the transposgp} @re‘é'tlﬁgﬁﬁlﬁtamd bsxh@rﬂg@i%dn bF' ﬁéhdané%eﬁtféea@%él?' ¢ acid

fragment. The tech n| s u for random nmut agenesi S _and for gene
i sol ationld sidRcdmMet @l‘%m?p‘f‘éd S@g,{gr gEgMBle |hrrpes 0. &ioekhin he basis of the
sequence of 3Bivteehhohiyyp s IbkibcekarftmdustitialtMictsi olbﬁv,VSédScshd Eghignosi tion

Tr anspost ¢ 1 on (IBOPPla R pSebiRfes, flc. RARRaney Tdpf Beshieis Mukund
Br anchbur g, W,BQQE@IQ@MHIB@teMt 3Gy22%1(4882)x; The Genone Prim ng
System avail abl e fA%%PH%%EQQEmE%QEQH%?_Qe?r WGibdlon Miheliaesk upon the

bacterial transposon Tn ansposon | nsertion Systens,
avai | abl e 2Py orH%EP@@ﬁ@lPl@ elgrueRHoPRRSPOSHESI J@ansmsongag@aenpm the Tn5

bact eri al f tr ﬁ@@ﬂéﬁ@ ®at ﬁisemaﬁhdoﬁﬁy WDRA BehA BEIREPR Ve 8n the t he
OO o B Pu Rre b e Wi i Asrlorchs BheurtSl Bl e
however, the deéw amabm offroviharcdpogtioeamethodis are xhownu I Bbthersthbds il@ive
determi ned on tRE USBRIf'd A RREbR: olCAN FRESMBRAREN Thh 4 BEhYESs e Of
25  enzyme. When the transposable element or transposon, is contacted with
a nucleic acid fragment in the presence of the transposase, the
transposable element will randomly insert into the nucleic acid fragment.
The technique is useful for random mutagenesis and for gene isolation,
since the disrupted gene may be identified on the basis of the sequence of
30  the transposable element. Kits for in vitro transposition are commercially
available (see for example The Primer Island Transposition Kit, available
from Perkin Eimer Applied Biosystems, Branchburg, NJ, based upon the
yeast Ty1 element; The Genome Priming System, available from New
England Biolabs, Beverly, MA; based upon the bacterial transposon Tn7,;
35 and the EZ: TN Transposon Insertion Systems, availabie from Epicentre
Technologies, Madison, W1, based upon the Tn5 bacterial transposable
element. 4
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5 nore of the prenyltransferase genes which, as described earlier, which
catal yze the successi ve condensati on of isopentenyl di phosphate resulting
in the fovomr/issm? of prenyl di phosphates of various chain pengsé7¢zoul ti pl es
of C-5 isoprene units). O her candi date genes for disruption would include
any of those whi ch lsribedentaxboéthesprasentigvemtoon thealisripfienof dettainkbone 10

| di ph kL iid , S | I tream
bf “the deni rogericean (R Bpgnof pdlay Ry B M LRI BT, g
the producti orfasptenpiis heweayricthe depisign aiwhich erResoio disaipgueedd naed ke upper
doomyxyl Ul Qoo e e e B O Ry o nBek, o
eoxyxyl ul gse-5- ate redu , -
cyti éylyw t ané‘ﬂ%’%a@éﬂﬁlpsrﬁﬁ)ylﬁagg 8(%?‘?0%%‘9/‘?‘%5;?% _ggﬁgr't??rfir?%ﬁu%r"wﬁ i tol

ki nase (Ic::sl_gE) ,Caralyzmthw‘su(cbesswehllandehséum‘r 3ﬁ/|ebpehtppwsmghxb@heﬁelﬂ?élfl’§l% y |

I F, S ] f
bl s ds, or  ddie el A RS o e BT BRR s FRkRESTY (1
fashi on the | &Fél-8 izpraasiunds).cQthrrasodigatenggnee fardismpéan wauld indudeal
Product i on. Of A3y(¢TRESS dihidMER EodeBBRIIAS B OB the forBbn&R"RARBBHY

conpounds .i.s desire according to the pres Invention, a variety of
culture m%bhod’(S?%i h‘?ﬁiﬁ"at% applied. For exanple, |arge-scale production

ﬁf a spech ic gene Q&ilarlp,d&kférreg@va;]si@XQT Esrtet ﬂgfeh@@u@ls’grééﬁf’f@ﬂ t?ﬁfueslifgﬁ_r gbi alb\
or,.continupus cul.t ur,e net hodol ogi es.

cloztssirr?a/tl gat %8%3(%5'%”%9%%%@% ave @Poei}ée&tg @Pé?ﬁmfr};e Prl?é’ucg%?rﬁgsi tion

of the nedi a itkatgyoduct. Floe eagiptsimay of thelgerasl indne uapdr iwprermildﬁj egg to

tificial al L ons. duL Y GeSS, sm_ At the

greg: nImCInZ]1 o? Ep%iﬁ&%}f?%rfﬁéb rggljg@%ep?t%%%ﬁ?tae%@ i noc@%k?’e'a 1:/avl th the desired

or gani sm &p ordtj’é’PiV%'Oéﬁcf)g‘Q ok Npte redustaisemesase XN t3Cmethykdhi tted to

occur addi ng reythritd ciyBdyiperan¥fdrada (/YD) @dibhoshyENiay.-2-a-" batch” cul ture

is batch with L& ct,, t. he ag?lt 0Q..0f aLBon %0. rGe ang Iﬁ?e ts are

of ten made at ’%%ﬁ?@&tf“r'f?dt‘%%é? %D’—*éugﬁ-faef%y g HER}ée‘h’CM Ha@ ng'f'?f@n. In

35 batch syst eysthtase (etFdpGITPt sy ndimasen(Fyma3 and dytBd sbuiddses exfpresbed _smst) e[n )

h t I td ' ' | atc

Ul L ores ol | oM tetty bRshitfs\dridel i tbighc bt aThBR ityr HidHST og

phase and2fi ndi s fashior the layels §f dasired canelesoigisonay besarhansedi ni ni shed or

43 WD 02/ 1861 TnAicHiaiSOH0REASH of bakétBAeigs! untreated, cells in the
stationary phase \Mé{béﬁevenfuall inlo hase are often
h

y. die. Cell | p s .
responsi bl e for t W%CWWQéUE@ﬂHﬁt‘% oé?ﬁfo" gempetndpiederitactht e in
some syst ens. aStatdiig &y theopregent ingsnare i Valety phasieurrgiedbRigicsmale
obtained in o4Rel, 53! 46 example, large-scale production of a specific gene

25  product, over-expressed from a recombinant microbial host may be
produced by both batch or continuous culture methodologies.

A classical batch culturing method is a closed system where the
composition of the media is set at the beginning of the culture and not
subject to artificial alterations during the culturing process. Thus, at the

30  beginning of the culturing process the media is inoculated with the desired
organism or organisms and growth or metabolic activity is permitted to
occur adding nothing to the system. Typically, however, a “batch” culture
is batch with respect to the addition of carbon source and attempts are
often made at controlling factors such as pH and oxygen concentration. In
35  batch systems the metabolite and biomass compositions of the system
change constantly up to the time the culture is terminated. Within batch *
cultures cells moderate through a static lag phase to a high growth log
phase and finally to a stationary phase where growth rate is diminished or
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5 A variation on the standard batch systemis the Fed-Batch system
Fed-Batch culture processes are also suitable in the present invention and
conpri sevwOobdymeeanl batch systemw th the exception that thersstig7azmte is
added in increnents as the culture progresses. Fed-Batch systens are
useful when cabaltssl.i Faintregiess Selinin theaglatiomary piiabe will beentealpdid. sGells t he

10 cell's and wageg lj.htas.bsarg%ﬁqggfoﬁﬁ‘?olgﬁ%gﬂre'é%k?‘Fﬁmhﬁ.o?fenfi“bSt rate in

th dia. M f of the actua concentration 1n Fed-Batch
sygteg :2 di ff?risogitrh'g Og%é)ri”ée({fﬁf@r'ﬁisﬁr@ vgtemat edatienanier past-exeenami@l changes
of aore gases muem R B g b&. et hods are
of wa P )
common ang%swell kno‘&/rysai”%%ﬂémg(h? S%ﬁﬂfpa&iﬁﬁq SVl 18 hekﬁa%ﬁplﬁsﬁf@%s D.
E(rj _o;:_k in ?lggg )ek':mnﬁaib@ycuwur‘éqom_ besdesddrelaishustitakdd in Mecpreisent ?g&mtkﬁggﬁgg
N . - ,
Mkund V. - App OB R ASRACLAL Syatefwity HESSLo M g SlngtERdR
i ncor porat ed bgddast Erigaesnents asdhesubiie progoesaesi dredsBatcir syisteros dse usi ng Cl
met abol i zer s nEefuBNEEN RatAHRTRIDr V\}géﬂ t8 igmp&wm&?g;alswa?@é.
conti nuous, cul tyre |dz an _?pe(g s,%lagjﬁem ere a defined culture nediais
added conti’nud él,syaq Wgerebq &t ?ﬁ% t e%Ba\éﬁ]“'@ﬁﬁﬁlangﬁgﬁpfﬂbﬁgﬂﬂg thmed
diai diasi viebsareparttiof ti® BcRBPSEISHALE - anfrafichHin -Batdy .
ggnle?a: Isyrrenaln})\rf,g13 '5731' h e él Oy% aCconsttant gi‘;%h lit?(r%j[si(id g{]as density
where cells ar égt)l’lrgﬂ.!l$l ﬁ@cﬁﬁ W%& 5@%@%?50@% therbasis ¢ hF‘i BgEsuous
cul ture may beofgnaasureble fmctdrs smhmlsipﬁl,zchx(sjlsai\sed exydet and dhdpartiand ?Utl’l ents
ti , u d e
B oduct's are. JuESRAGSCwANE altBs $HBh SRt OF . Blalon Ao RO MBS 7, ot i on
may be perifor fBathesisiRres®mman @adruglhknewn dvthejar @pg@xesnespayehe of

nat ural and/ orfoapatim&homas Bt Bfdcklif BidleBhhotegy's A0TeBBbk 6P|Mu'§ﬂiaist ﬁ;'t ture

[ f th ul ati op of .fa { any nunber o ac
leffg\(/:v{'S cglrl grmmw ' ngeﬁ?gﬁﬁgﬁ'o%@hgéhgfrﬁq%ﬁSSPS'lat%%(é%l e, one nethod
wi || maintai n Sundariandp§lAubr Deshpaides Udbkasd VheAmar Biochepi Bistebhndyi t r ogen

| evel at a fixﬁegjzr E?E%rgéllegﬁr?gkporg{&ewﬁé tGers to noderate. |In other

systens a _nunber 0 k ting gr . “be altered continuously
whil e theZfel | condedmarcighprodustien ot aatemeids aisingr Gif dietaboiizerk epay

constant. COntélé@@é%eﬁbﬁﬁﬂi@ﬁeéW’Jh}’&céﬁtiﬁﬁgug?\:élﬁlﬁgéz P&Hﬁﬁﬁ%é%@ﬁ@% st ©

mai ntai n steady state %&V\EW @concclfghl ons an e ce 0SS

medi a bei ng draWAPST BY re,g I0gHBee CHyiendedians adsled epndiwausite ai n - t he

cul ture. Met hddsreattorethd at ieqganathbuenéfeotidttidieawhbdizdstrempvé@r  conti nuous
culture procesgRaAted® Iy fétSorbESM PUBInliQlo B EL ré%ntepaqw maintain the
25  cells at a constant high liquid phase density where cells are primarily in log
phase growth. Alternatively continuous culture may be practiced with
immobilized cells where carbon and nutrients are continuously added, and
valuable products, by-products or waste products are continuously
removed from the cell mass. Cell immobilization may be performed using
30  awide range of solid supports composed of natural and/or synthetic
materials.

Continuous or semi-continuous culture allows for the modulation of
one factor or any number of factors that affect cell growth or end product
concentration. For example, one method will maintain a limiting nutrient

35  such as the carbon source or nitrogen level at a fixed rate and allow all
other parameters to moderate. In other systems a number of factors
affecting growth can be altered continuously while the cell concentration,
measured by media turbidity, is kept constant. Continuous systems strive
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5 rate of product formation are well known in the art of industrial

m cr obi ol ogy and a variety of nethods are detail ed by Brock, supra.

Fer ment atwon2/msdi a i n t he present invention nust contai n BOTAU&I2Z4ar bon
substrates for Cl netabolizing organisns. Suitable substrates may include
but are not | itaimaictaio staaslyciateqgrowtiv sonditiess sndhustheasdlidass idedo oxi de,

met hane or nethamalbdifg dYﬁWﬁBffrﬁlﬁﬁgﬂJ :;aaaﬁggaspafnemﬂém d;%ﬁltﬁ)ié’:‘é*?ﬁm cal

' di trated. dit t car bon

SUbst rat eq,  melAFHENIE PR GRS HaHIG NHiTptS ABHETaUNIARIrs 0T a nunber of

ot her car ]E)on wmtiahnm@g?mmmucﬁqsmm?p a_@‘t%éviﬂ’i/rl':i@@ésqﬁ)r mgtmfp-gﬁ@m@e and a
i et ] ' net.abol i c I vity., For X e,

het hyl ot rophi Ca BBk lor RS 8rd, el Koty thg AT sl ot hyt ani ne to

form tr ehal oseénisrolgolpggranid o Badidty of methadls aré\/ﬂeiradibfl lb@errbh, s@_lra.Oorrpdl. I

Int. S .], 7th o . A elly,

bon b bubi1 sher. i ebtatformedia iihé pksdnt KA musk e’ slirapléC ' ¥

Candi da wi | | #8tR@bpiberaipaieiie’ sietabelizingiorganisns: Suiteblessubstratesh. 20

M crobiol . 153n4BmchRR HOAR)Not liiReSoidnd-SarbBRselRlralcdGudhals %ég‘éoﬁowce

il [ h ti, S, a, riet
of car bonHondifie Pelnte anetana kWi ghnEtRolG st ey niakeyhor co o
organi sm EXAMRMEBMIi2S imtwrrqdm?hais me@nid@gor?ﬁﬁw% e eddigibh m?@nbramr%dﬁlee
foll i Ex under st oo 1a es a S, ... Whi
| di oat | oG p?@éfc?ﬂ‘%%ﬂ*émﬁﬁéﬁé*ﬁ%nm‘éwﬁm Heifn ,agﬁsomﬁu% of
il i @ er h eadioonvendaisi PO singsas ne,one
SKi e 1t o\t ARSCELATMD of S5 SE0 O B SRl £5r 0T L hi
i nvention an? w t hout fg ﬁpart?ng fnrom t@e Spl H?ﬁanﬁsco%e ?Eer eof , can
make vari édis EHARYE MaRIGHRRNG veastare kepwnie utiizethe oarbos faampt it to
various usagesnéthdlantingds forpehSBhERN] ,Tds@%u'r%haémtlc iERBOERH L DNA -
The art cand adl GoulH oI8 By M st Eibos) A1 ae AR KRl Ralina o T
Mol ecul ar d ofally; DanlRHRutdishesy Inténcept, AnGolver, 3pK). nGintikar Ilypv%m_ m)h ratoR/ly ]
P . Cold Spr,i : [ . . T, ] \Y; .
Bennan, and L oPiresdicitdics ool e PR Sonstelal ot et vt
Gene Fusi 8%s, Misrabiddpi $aidg8heAsh! 998horienssyit iCoontempiated ghatthbsourde Y.

B ol oty pub. e onutlizedih 15} pisent VEhtEh pifPbtdinpase 4 ulie GGl og 7

Bi ol ogy, pub. o?\b/a%o%eggntapﬁnmd gtﬂostratéA\sS Zgg 'wilzli gnly be limited by the choice of
organism.
EXAMPLES
25 The present invention is further defined in the following Examples. -

It should be understood that these Examples, while indicating preferred
embodiments of the invention, are given by way of illustration only. From
the above discussion and these Examples, one skilled in the art can
ascertain the essential characteristics of this invention, and without
30  departing from the spirit and scope thereof, can make various changes
and modifications of the invention to adapt it to various usages and
conditions.
GENERAL METHODS
Standard recombinant DNA and molecular cloning techniques used
35  inthe Examples are well known in the art and are described by Sambrook,
J., Fritsch, E. F. and Maniatis, T. Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Laboratory Press: Cold Spring Harbor,
(1989) (Maniatis) and by T. J. Silhavy, M. .. Bennan, and L. W. Enquist,
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5 Materials and nethods suitable for the maintenance and growth of
bacterial cultures are well known in the art. Techni ques suitable for use
in the fwbboweny exanpl es nmay be found as set out in Manp@l/usé1/Aveiohods for
General Bacteriology (Phillipp Gerhardt, R G E. Murray, Ralph N

Costi | ow, Eugdbuperindys nith G¥Hé IFusiofs, W@mﬂs Hdﬁaorﬂ[a\kﬁﬂal@m cﬁ)ldBrlggs 10

or by ?ﬁoniis)épr@%%éﬁ%ﬁ 86, ol i bl 22Y), S8R o>

M cr obi ol ogy, ISWﬁGJIEdthlm, pSbn by &repps iibdisking Assoc, asliidey and, MA
(1989). Al raagesdisncd ction enzymes and materials used for t he
grow h and mai nt en bacterial cells were obtained fromAl drich 15

Chemicals M| vvauki@atewa  ans| pethedseiiaie fardhe maaintsnanceend greyviscef BRL
(Gai t her sbur g,ba¢rial @ult@a@@e%mmﬂﬂm frotmeadty. T&Ehnid@el Suitalfortieems

Csing the - ouibe abwiiG BAtteRs BBy 1 oA S Sor S U UERRal St onR ™Rt o
Inc. 20 (Wsc@@gﬂ%ﬂﬂg@(?hdlﬂpm%ﬂ?fﬁdhﬂl@sEGmﬂg'aVeRa@hdﬂp (GCO,

di %%,\p M i on
gl/gf Qﬁftn vaI uedc,)é?ﬁ &Nt@ g\g%{tekt e'ﬁfg %;\RIS p‘aﬁpgﬁﬁ 5(1‘1@53%@% lg'r@&é used.
Wher e t helBaC ft@aps eﬁs ' RegricRn'Sqsiesy femidiaiebielogyeWashinglen daCt (135p)

Coed. T by Cycthaiad S Hrbti m—wf——w——m@%ﬂ% SRR AT ° Tore T
use n S ,
t hese or anz ﬁﬁ@b\—,\@ %‘%"E{Tﬂggﬁgf‘a Iﬂauﬁépﬁégc'ﬁf@ﬁe'%e@u”qﬂ nNgeding of
abbr evi at i ons (n9891)s Albldagamts, rBStrigtamenhpues shd mat@nﬁls L!ilml l'ﬁ){ Raut e(LS)
S, millili means

Trers 30 M OBt aReminelBngs of BbBhiLedl weF dlRntd fom AT ang
Associ at ed5 Afaiergisslst (Milvaitkes| Ui iAE ClBhabbmtongd (etrat, dipdi t i onls wer e

dth h I nas
16a, unl ess 23%'5@. Ay &*é?'@%%‘ér . W”Pf Shg CHrIgA e Rnpahy 18 TR
Met hyl ononas 188 uglesynthemise spesiied.n serum st oppered Wheaton bottl es

Wheat on Sci entifi gy ertio { Sl ligast 8:1
gl caton Scief Itraséuzib Rt ﬁs bf-%ehé I@Q&@J@ﬂ)@ls é%‘éé%cbﬁ{dh?g«?& uéihg thd The

standard gas pH gé)fp{;qgr@mc%?\(%l@ @nfrEWﬁHg%%@qfﬁgﬁf‘?mPH@ﬁ 'PHP an¢-. 46 VO
02/ 18617 RCT/ YB04¢@iBi? B acKagss ¥ersion 90, Genatics1l érapuigr Grbbp ¢GadsY, i ons and

L ol o0 SRS S, B R0 R PP in€ B8R ppd BBRELL %
ot herwi se spedéieatian defapit vatue ofeth, mdfge g@t%ﬁ@mnaj@f&ﬁwalue of 4 were
used. Where the CGC “Gap” or “Bestfit” programs were used the default
gap creation penalty of 50 and the default gap -extension penalty of 3 were
25 used. In any case where GCG program parameters were not prompted
for, in these or any other GCG program, default values were used.
The meaning of abbreviations is as follows: “h” means hour(s),
‘min” means minute(s), “sec” means second(s), “d” means day(s), “mL”
means milliliters, “L” means liters.
30  Microbial Cultivation, Preparation of Cell Suspensions, and Associated
Analyses for Methylomonas 16a
The following conditions were used throughout the experimental
Examples for treatment of Methylomonas 16a, unless conditions were
specifically specified otherwise. |
35 Methylomonas 16a is typically grown in serum stoppered Wheaton
bottles (Wheaton Scientific, Wheaton IL) using a gas/liquid ratio of at least
8:1 (i.e. 20 mL of Nitrate liquid “BTZ-3" media of 160 mL total volume).
The standard gas phase for cultivation contained 25% methane in air.
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5 Nitrate liquid nmedium also referred to herein as "defined medi um or
"BTZ-3" nedium was conprised of various salts mxed with Solution | as

i ndi cat esvdet/s{ Tabl es 4 and 5) or where specified the nPCT/asE/ 2%
replaced with 15 mM anmoni um chl oride. Solution 1 provides the conpsition
for 100 fold c‘nw%cminﬁ@mwﬂbnwbmmﬁmo@t:hﬁdh@cemdrﬂqeezreahare i€feirellte 4

Solution 1 * Nitriloacetic d 6.9 12.8
ci2 w21 120 geae §elE b aedtds s Sk BRSR S G0k % 3856 WP 32
4H20 197. 91 0.cor3tant shekiy v Hlall-2heo®iag shakér Onles otfer@ise s3scifed.0. 73 0.1
1131303 61.8 Dhoihopl 85, 0-04 0.01  2H0 N C12 x 620
237.7 0.77 0.184™ "N N amour nat ed above in 900 nL of H20
adj ust to 915 pH=7, N‘é\rﬁ@ aawdm@hvm é’ﬂﬁ%ﬁﬁﬁew tavBetsin as (defiashmeditumger at ed.
47 WO 02/ 1861 7oPETIZAS0Hed iR WasTcdthgrised\b Vaidtis! Jaitdirdixa8 it S 618fign A) ** MWV

a5 042378 .28 '\%w%‘l@%%%%"ea@sow%ﬁe&epgeﬁ%ﬁf@*@&?ﬂfﬁma‘zgg 0.1

1 M HEPES ( pH répleza8. V&thOSrﬂlM omaiiwon chidtidemSolttidn $ podvides thd00 nl H20.

Adj ust to pH:7 tlgﬁi ﬁo % BhN&ert a{t?d tdck's ‘?tﬂ%rn cpfl’t%%smlré‘iigls15 g of
agarose in | o ium au ave (ofe]0) m X, and pour
pl at es. A§§essment of Mcrobial Gowh and Condl t| ons for Harvesting Cells

Cell's obtained for experinental purposegpene all owed to grow to

Solution 1*
Mw Conc. gperlL
(mM)

Nitriloacetic acid | 191.1 66.9 12.8
CuCls x 2H,0 170.48 0.15 0.0254
FeCl, x 4H,0 198.81 1.5 0.3
MnCly x 4H,0 197.91 0.5 0.1
CoCl, x 6H,0 237.9 1.31 0.312
ZnCly 136.29 0.73 0.1
H3BO3 61.83 0.16 0.01
NasMoOy4 x 241.95 0.04 0.01
2H,0
NiCl, x 6H,0O 237.7 0.77 0.184

*Mix the gram amounts designated above in 900 mL of H,O, adjust to
15 pH=7, and add H,O to an end volume of 1 L. Keep refrigerated.
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10 maxi mum optical density (O D. 660 - 1.0). Harvested cells were obtained
by centrifugation in a Sorval RC-5B centrifuge using a SS-34 rotor at 6000
rpm for 200n2/mMe1These cell pellets were resuspended i n 50PaMUSHERES buffer
pH 7. These cell suspensions are referred to as washed, resting cells. 15
M crobial growth was assessed by neasurliaible fhe optical density of the
culture at 660 nmin an U'”“N%t@ﬁ%ﬂd%{ég‘ljhﬁ\‘ mgfﬁphotomﬁer (Phar nmaci a
Bi ot ech, Canbridge England) using a I cmllig path Cuvet. Alternatively

m crobial growth assessed by harvesting cells fromthe culture nmedium
by centrifugation as descri bed aboy@/and, re@uﬁ@endl gPpe?Q tihe cells in
distilled water wigth a second centrifugati onm% renove nedijum salts. The
washed cel |l s were ther—gr-ed—at—1050C overni )L.n a—drying oven for dry
wei ght det erm nati giNaN®ghane concen84.80i on Y@s det eQréshed |as descri bed by
Enptage et al. (19 Sci. Te¢ 7, 734) erehy incorporated
b)r/rp259reference Nij t %—I% 4nd N|tr|1%§soga ﬁﬁz sa Ié;s off cell culture
wer e taken and flltN@@QMrough a 0420410ror852rod| €S filtler to renove
cell's. The filtrateMdom Xté;}q step{ 2ggnt ai ns dgg nltggre orf nitrate to be
anal yzed. The analy form q 48 WO 02/18617 /USQ1/ 27420 on a

Di onex i on chronat ()?raé"d yste ﬁognex, Q-S@%nyvape CA) wth an AS3500
aut osanpl er. The col um used was a|4 mm | on-Pac AS11-HC separation colum
with an AG AC guard A\ rap col um. | collums are

provi ded by Di onex| @ﬂ#ﬂgﬁ%&'—gﬂp égét‘)'was a potassi §h1rﬂlydr oxi de gradi ent
from0 to 50 nmv poSedigliamd hydr oxi ¢le over a 12 min ti@enintlerval . Cell
tenperature Wd¥sBEEINQUOMMLaH4®.odjwshtopHs, ahdiatid @ to dill 1. Anal ysi s of

Car ot enoi d3Corficeagar Gates: Atsl 15at of agarose i & L oEmedieh,wiutohlave, et cant ddvorte 507,

vortexi ng for mMxm@épour@latasd i nternmittent vortexing over the next 30 min.
Cell debris was renoved by centrifugation at 14,000 x g for 10 mn and the

supernat ants w d n.a 0.45 pM f| |ter. A Beckman

Syst em Gol d( r ASSRBEESY & sitions;ToyBlasve liSa, MD) was

used for the studﬁelﬁmbtamsdiefoeﬂp@drheﬁtml errﬂosléls)WmSaWoQ@diet@ Bﬁvqoa 15 125
X 4 mm RP8,(5 ) l spondi r

(Hew et t - ggc ke'{ﬁ e'g%adneg.&w % Hagvgsg%lsg&% "P‘rfr/erﬁot?{a'r\ﬁqi le the

sol vent progr mmﬂfuwﬁonm s @V RCA5B/<£emmfme 8SingreeSBadwiatorat 5- 20 min
100% et hanol ;5089 Bth fBrR0*AA. These cell pellets were resuspended in 50 mM
HEPES buffer pH 7. These cell suspensions are referred to as washed,
resting cells.
15 Microbial growth was assessed by measuring the optical density of
the culture at 660 nm in an Ultrospec 2000 UV/Vis spectrophotometer
(Pharmacia Biotech, Cambridge England) using a 1 cm light path cuvet.
Alternatively microbial growth was assessed by harvesting cells from the
culture medium by centrifugation as described above and, resuspending
20  the celis in distilled water with a second 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
etal. (1997 Env. Sci. Technol. 31:732-734), hereby incorporated by
25 reference.
Nitrate and Nitrite Assays
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
contains the nitrite or nitrate to be analyzed. The analysis was performed
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wat er / 60% et hanol . The spectral data was coll ected by a Beckman 20

phot odi ode array detector (nodel 168). EXAMPLE 1 |solation And Sequenci ng
O Met hylvoonas116a The original environnental sanple conpal/useigR7sive

i solate was obtained from pond sedi nent. The pond sedi nent was i nocul ated
directly 25 ioitaDienenien (?Pé@m@fﬁgﬁﬂl@'h5Qﬂ1€ﬂﬁtan’m(la§nﬁm$B@M%%Mlﬂhder 25%

met hane in aifan Aegéeoeu\r@s%nﬁmér Sphé cél%*ir?ﬁséﬁ V\/é%réwmﬂnsn%%ﬂ -H&owt h
was followed until the Btlca reuponthe

a
Cul tUre was. tSARETIACEEIT WM Ah A OUBHCQ WY 81Kk 31 A C PP GO s
achi eved. Aft ¢\l dlsmnsemsiprevitedbyiosex t h met hane as sole 30 carbon and

, th e a ni um as
i trogen sBurce. and Tohodele B3R 2R oSl R R ratinl 1 ATEG
net hanot r ophi ®0adt petassiugp bydrexideceeeria 62 aisdimenintdrival. ngaihtamperatuvever
Met hyl onbnas j6a %\ﬁﬂhe&ﬂﬁ\ﬂ 3 sMenRean smto study due to its rapid

growt h of col oni e arge colony size, ability to grow on mnimal 35 nedia,
and pi nk pi gméielde AnalysisipE gareteneid oifd Gentapt i ve bi osynt hetic pathway for

car ot enoi ds. Gemm@el%lé@@&te‘ré@kﬁé@t@dfmﬂm MAt Rt PRS0 AERINGF6P1 GhiRg t O
st andard ot ocol.s Wﬁg\c DNA an brar onst elEtIOI‘] were repared 49

VO 02/ 18619 PERAURRT ”&&f‘@r%‘{eﬁ ?865 ¥ PR Agpiz Wias repoyedr et
al ., The M ni iyl ceBtnfeigatomalt ¢4E00 0§ fod t pliasere tbersupetnammtssmsance 270

Cont i i ng_1050UREERAAREE b So A7y BRI RHRRATSIBRM HIRS | and
50 MM 5 MyCl 2 Hmeawﬁane»Iﬂmpm ‘&oid atqwaalé\f&@twares{ﬁngMQMD Jtvinas uséd s wer e
gently lysed ifgr tha%t 3R, Tﬁ@%ruﬂ@%?ﬁ‘é&%nfgfe1 %&3%%5 l%’é}i%ﬁ%nt& ter incubation

at roomterrper??ure r ot ei nase was ad i ncubat ed at
37C unti | 1P he T€3ohhay M@Lmaartlcwo%ﬁgn@m%e@@om@lm@\Mth

Iri iooe/qu lhl br i’@‘bﬂﬂmﬁ)f(llelewllettiﬁdcka()fdcSawﬂe{?néxh‘tﬂ@r@APFWeﬂ’bw r‘%@éwaﬁﬂr _?_Cl pi }_S ed g
in o et hano re in.a solution cont nM Tris- an
1 M Na- EDTA 11‘%}-?1'“ %'%%P‘?ﬁg'"ﬁ%p%?ﬂrﬁm o ES i ot Y ot
RNAases, then vaterlﬁ@%emetmm . 5#20ﬂmlr51@@1%| methamtoe&O -phemnl4086d twi ce with
chl oroform T f o]

resuspen3| on W}aﬁeﬁ@é( r%';agr C(lzmggr er aé’tédgé%b&g%gefbg%@%romsoml

was resu Ben(ﬂ’é‘d’mcﬁo@ewamd%ﬁﬂ@f ("89@9 rﬂﬁ&)odl um acetate, 10 mM Tri s- HCI 1
mM Na- EDTA, and 30% gl ycerol, and shearpgadtPlI21psi for 60 sec in an

Isolation And Sequencing Of Methylomonas 16a
The original environmental sample containing the isolate was
obtained from pond sediment. The pond sediment was inoculated directly
25  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
30 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 its rapid growth of colonies, large colony size, ability to grow on minimal
35 media, and pink pigmentation indicative of an active biosynthetic pathway
for carotenoids.
Genomic DNA was isolated from Methylomonas 16a according to
standard protocols. Genomic DNA and library construction were prepared
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Aerom st Downdraft Nebulizer chanmber (1Bl Medical products, Chicago, 20
IL). The DNA was precipitated, resuspended and treated with Bal 31 nucl ease.
After sia0Dr/eestionation, a fraction (2.0 kb, or 5.0 kb) mawusexsmwed and
cl eaned, and a two-step I:b%gatlon procedure was used to_ produce a high

titer |ibrary 3faokdigedarewiishecpodosas tyeser akalntihe M&jméh@erﬁlg A shot gun
sequenci ng st rcabegg rﬂ@mr@fawj?cdmsraé g@ﬁﬁamﬁ\/\%eknbewquz@m@meé the whole

m crobi al geno none om sequenci ng

and assenbi y l %Bﬁ?PE@&M’ﬁﬁ 'L?@H?B%”%d e éﬁ@ge%@(‘?ﬂ@? Wil 2

(1995)). SequéaddTaply@ieratrell Drs-BC ABI 8 Aud00mMANSCaad ST misi ng dye
term nator st egiigel ogy (U. S 5,366,860, EP 272,007) using a conbination 30
of vector and IHs -specific priners. Sequence editin s perforned in
ei t her DNASt ar (DN@gﬂe.mm BNAD@DafaimmAﬁéfeor@uspmoprg@reeﬂswemesconsun

Package Ver si %lﬂlﬂyscﬁﬁﬁﬁiw%%@snﬁh@ ﬁfcu@afébofo(*@@%m at'\@ﬁbsoﬂft M) and the
CONSED packag

Ver.si o uences rese rage at | east
two times in HB%‘FPEHI%%roSHéfe”@?@E%&%ﬁl@t%“?% We$ Eg‘f“?‘i 399 pg/mL
Char af:t eri zat i mbuBfatetdeattICB?PCCBaﬂdQshé 50sp é\%ﬁsd}ngmm D%UAlmwmédf rom
Exanple 1 r co as ca ment
Soaroh Todl" AMEEH T equlinigRdifen aBigiice Vih ehfoesPid (hTES,
PCT/ US01/ 2742(]0rel|pdatedzm570%$tmamﬂ asndeead:mmmd in@bsolofion oomtaging BLAST/ )
searches for t t ' dat abase
(conpri sing aﬂ mrll\}g)ﬁ{nrbe%%n an?q@qggﬁﬁégﬁﬂiﬂ?% |ﬂﬁ%BIAQ§aﬂlgﬁ8%¥'%eri ved
fromthe 3-ditrRaied yrith a s1ix of RiNAasBso thamasdracted tvéice witht Briggequilibtated

SW SS- PROT 5 el Bndeaitansith eRlo \A@qgﬂ The
sequences m nal ygwd for siml g‘?;ﬁﬁ tTEI as%!g) I C gvaﬁ@@ﬁ‘)
sequences ﬁ%%i K KGYSPENSIOR AT Abase using the BLASTN al gorithm

provi ded by the Natlijlorzay c@asthm‘tlohoQOBIt@SQOh@d)fQQVOMEﬁmDNN\A@gCE) The

s ari by to g BEREPH it aon ol BB ST BTRRd L ¢ e
"nr" dat abasel o B@ EBJPBEAS‘QO%Ig@methan@ Gheared\/ut %ﬂsnSbaES@sech ad.
(1993) Natur %&%Hﬁétl @Nﬁﬂ%@gﬂ%\%@ﬁepﬁﬂé{h an ?ﬁg%?%&jsl ﬁgg@grl sons

were done usi e nr or esul ts of
these BLAZ? cdﬁg é{‘faé Rie¢eiatasl, mﬁuwendedmmtéeaseﬁ svithnBald1criti cal

genes MC;I ht Ihe mmse lmml.%@nacﬂ@mtenfia fRIGNBRN(R 288 td?%tega}l%g/e to which
g?(r:n | ari t?/egrmqr%as eneq F%@nean%f“gozwet%w h&éﬁq;g?'&@gagllﬂgsﬂggﬁé%dl spl ays
data based on produd@ Adigintitenlligrary with gveater than 99% single inserts.
Sequencing A shotgun sequencing strategy approach was
25 adopted for the sequencing of the whole microbial genome (Fleischmann,
R. et al., Whole-Genome Random sequencing and assembly of
Haemophilus influenzae Rd Science 269(5223):496-512 (1995)).
Sequence was generated on an ABI Automatic sequencer using dye
terminator technology (U.S. 5,366,860; EP 272,007) using a combination
30  of vector and insert-specific primers. Sequence editing was performed in
either DNAStar (DNA Star Inc.) or the Wisconsin GCG program
(Wisconsin Package Version 9.0, Genetics Computer Group (GCG),
Madison, WI) and the CONSED package (version 7.0). All sequences
represent coverage at least two times in both directions.
35 EXAMPLE 2
Identification and Characterization of Bacterial Genes from Methylomonas
All sequences from Example 1 were identified by conducting BLAST
(Basic Local Alignment Search Tool; Altschul, S. F., et al., (1993) J. Mol.

50



val ues reported in expect values. The Expect val ue estimtes the 20
statistical significance of the match, specifying the nunber of matches,
with a giwen2/sssore, that are expected in a search of a dap@base /2ot hi s
size absolutely by chance. 51 WO 02/18617 PCT/US01/ 27420 N N oO a) QO
CUo ro cwo BiokZ18)403AN0 0seanigo wvoy.ncbi.aim.oih.goWBLASTH searchgg fac h i + d)

o éa '—Ooa E) ngrwaﬁ% to'%e@wénc@cs EotfalNedih the B%P%{ﬁ“nr%@ata‘b@s?'(&or@pgginﬁv C(OQ18
t:3co 9 all ndn—rgdL}n%an%enB%%k(@DSq(Pans?ations, s&;uenccrescgerivea)from tlge
3-dimensional structure Brookhaven Protein Data Bank, the SWISS-PROT
5 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 saquences were translated in all reading frames and compared for

10 . 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 these BLAST comparisons are given below in

15 Table 6 for many critical genes of the present invention. Table 6
summarizes the sequence to which each Methylomonas gene has the
most similarity (presented as % similarities, % identities, and expectation
values). The table displays data based on the BLASTXnr algorithm with
values reported in expect values. The Expect value estimates the

20 statistical significance of the match, specifying the number of matches,
with a given score, that are expected in a search of a database of this size
absolutely by chance. |
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Ny CUCrr NNU ppNCNQ ~- NRIU~-ONQ~ ONO. U m-~002
CO>> NQNUcOO0) oCLY) »>1CL> ZUcNnpcvOm ~L Qmaa Ca
ca U mavaomssia O::3 CI UU 54 W 02/18617 PCT/ USO1PQTAS@/27TEXAVPLE 3
Mcroarray For Gene Expression In Methylononas 16a All bacterial ORFs of
Met hyl onbnas were prepared for DNA 5 microarray. The follow ng Exanple
presents the specific protocols utilizegxafmelpixcroarray analysis.
Amplification of DNA reaqions for the constructiqgn of DNA roarray.

dpd R RIESSION R MRHYIC 28 fyi ng ORF of
Met hyl onmonas sp. stAlhbactedal OBEsmfiMdeibieniditasiWeROpregpravhfor A as t he

tenpl ate. The RER t4 W[ﬁ ﬂ? eﬂ%; ( f L St art
TaqTM DNA -éol yner aésr?};(?Qngiﬂ, ) Ia? éﬁﬁéﬁgﬂg& éer;l';glsnjtéﬁéd_ Sﬁ?@g%%l%ﬁﬁﬁ%(fe
Sci ence TechndPogi@earrayianabisiberg, MD). Thirty-five cycles of
denaturation at 95Qhglificlioh&st DNAMEGIhE JorttheTRshiibtior?Bf BRE _and
pol yneri zati on_at .Jn n.Wwere conducted, e gg{allty 15 of PCR
reactions was [BSERAIERY. i PCHICRITPSRRIES 1SS Hser toamPiRread jefein The DNA
sanpl es were mpecifyjad (DRFtdiaﬂélmlmmdrfazt@l&ﬂhil?%.pq}énfohﬂépm|(1(b’-l t ; r OSVBO
Q agen. Arpayi LTI . [re-arr n an equal vol une, 0
(1og|_) anc}bDN,g&(Jqsy(@% ngﬂﬁggﬁéé%r%ﬁkﬁ%d Tfaqﬁ %B-réqu'or}ﬁ P& PEEIMeLhiNg| at es.
A gener ati on lthe presanwet efedotStart é‘aqFMrDMrm:ig’vmer,as&(ﬂiag@i,elalé?ﬁ’cl)ia,v\aé)b\yse(é tﬁ
array the sa I ' : CA). Eac
PR product  ved N TDS (BREGERE LIRSS AEhEE Tk IBGS Bt iRBEIE D) ki ng by
W |ight, the Wlitty8ee gyplesof sresatuintien atagiier 3thsec, devieating et 551C faom
tenperature. 29 &NAdriPcymenzatdr BYTPORRD HRWERS cShdGME§ITHE @aﬁ%ﬁf i ned
medi um w g a m or,. ni tratené%iw agqq%_ nbtr%gj.en source under = "25%
met hane i h ai B.%ﬁ?%‘%“%‘ls WaR CheFiadaV It SIRPBIRSS A b 8rgarose gel.
The DNA samples were purified by the high-throughput PCR purification
kit from Qiagen.
Arraying amplified ORFs. Before arraying, an equal volume of
DMSO (10 pL) and DNA (10 pL) sample was mixed in 384-well microtiter
20 plates. A generation Il DNA spotter (Molecular Dynamics, Sunnyvale, CA)
was used to array the samples onto coated glass slides (Telechem,
Sunnyvale, CA). Each PCR product was arrayed in duplicate on each
slide. After cross-linking by UV light, the slides were stored under vacuum
in a desiccator at room temperature. 4
25 RNA isolation. Methylomonas 16a was cultured in a defined
medium with ammonium or nitrate (10 mM) as a nitrogen source under
25% methane in air. Samples of the minimal medium culture were
harvested when the O.D. reached 0.3 at Aggg (exponential phase). Cell
cultures were harvested quickly and ruptured in RLT buffer (Qiagen
30  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 DNAase treatment, the RNA product was eluted with 50-100 pl
RNAase-free water. RNA preparations were stored frozen at either -20 or
35 -80°C.
Synthesis of fluorescent cDNA from total RNA. RNA samples (7 to
15 ug) and random hexamer primers (6 ug; Gibco BRL, Gaithersburg,
MD) were diluted with RNAase-free water to a volume of 25 uL. The.
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harvested when the O D. reached 0.3 at A600 (exponential phase). Cell
cultures were harvested quickly and ruptured in RLT buffer (Q agen 30
RNeasy Mw oXig617 Val encia, CA) with a beads-beater (Bi ol ORCT/USGI2420CA) .
Debris was pelleted by centrifugation for 3 mn at 14,000 x g at 4 C. RNA
i sol ati on was caappletwas dsnalgretat pOEE twcl0 mimppnd deernchilied Ahdcefar 30af t er

on- col um DNAagg, tAﬁértémhg 14ha. Wéb@h‘i’@HﬁktuY@%h@'aHhéﬁ'hﬁ@ \wasSO 100 L

RNAase-free water. arati opns were stored f en at either -20 or 35

80C. Synt hesi GOMR ﬁBBQ JASURAHQR FtTeRM Wefme oD B e lebelipg 15
g) and random heidumrercotaimeds (16 of 5x @nkpmeBRiffer GRLLHET B KU y), alddp vieoe

diluted wit t /18617
PCTi USO1) 27320 %‘6’%‘ b Ehe fled ’&grgg‘é&g&fﬁ%ﬂ‘? B eac chilled on
ice for 30 sechﬁFt and dddifhg mM dCaP, eadel inhhofCyBwiGTP phEyard@HPi ng was

acconpl i shed byAﬁér%&mﬁ o3t 5 100N S QIBISEAL ?e\fé?éeilrgngéﬁbtaé@%dcgbgl iLngf c

t t d enzyne
20 dye i xt ur iR abe HeeRROsSe s CiherheraAMED. GaNA mtresiue®, “and
d]:l'Tg 1 g\/l dCTl%lllo&mdi tb Wbééd@i/@mﬁs%hr WEedﬁWRwasqfehﬁiLvlf Qﬁldlih ][Zgglleg L

b cr a

Ionc upgil;:[] rsb}%l' Naeﬁf%ymﬂi %%i'QPs/’t(Xﬁ?g%a{T’l %Bc tb)rn %@?&Q 912C for
2 hr. The RNA vﬁéwaaﬂﬁmstedwlﬁddlﬂm@.@HEPES\@m (Eheblspeted d:[DNArvmthe]tcmHEpES
(20 The | abel STERNE AP CR elffisaliolf o RolatBh, FRIREIETAL i htol
(Q agen, Val encﬁfﬁmem&)} Waﬁdbénlfwgd usirg eitherddssoder Gudinasreorationnar Aggder
A550 for Cy3 irgpryeration, or A650 for Cy5. 15 Fluorescent |abeling of

genom ¢ DNA,_ Genomi c_DNA was nebul i zed to, approximately 2 kb pair
fragments. nom ¢ DNAOIS: gbeling of garomic A GANGHIGPN MM hexaner s

primers (G bco rRuliked ¢o aﬁprﬁmeteT)@Qmalgfrégmeﬁ@d t Behemid 9NAM@5W115 L of
ol Loved by andidia ABRLRR e B AEREIhelalnaR bifd feibto SRt i
| oned b

Iglrrpg\rl\gt Erg a?rfememze Teshn&gg%;bgiﬁaﬁh(f}@bmm MRD-{DJ&E?LL?:;EN@?E Whavgxwaﬂ;g

added. The co Gedty plaREr e I he A0t BGnina RS % ghﬁ
dest Ry BE oS & WEd g,

IR NC A M L T o

After 25 incubagiffsr Za(Gl%Eo@RIQVar?d bal, d)}é‘tﬁl)&@t‘éﬂh@l‘é %opﬁ%ecd?ﬁﬁowtéfdfed

:/J\/leﬂgng gﬂngﬁﬁaé %ar}r.]fixﬁgp %f}ﬁicfﬁ?ge{?@a“% rgrﬁceaure arque salr_#e als %L;é?ﬁt',é’d” and

above for RNA labeling, except that the Klenow fragment of DNA
polymerase | (5 ug/uL, Gibco BRL) was used as the enzyme. After

25  incubation at 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

prehybridization solution containing 3.5xSSC (Gibco BRL, Gaithersberg,
MD), 0.1% SDS (Gibco BRL), 1% bovine serum albumin (BSA, Fraction V,

30 -Sigma, St. Louis, MO). After prehybridization, hybridization solutions
(Molecular Dynamics, Sunnyvale, CA) containing labeled probes were
added to slides and covered with cover 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

35 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 with a stream of nitrogen gas.
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prehybri di zati on sol ution containing 3.5xSSC (G bco BRL, Gaithersberg,
MD), 0.1% SDS (G bco BRL), 1% bovi ne serum al bum n (BSA, Fraction V, 30
Sigma, StwObhzwses7? MO) . After prehybridization, hybridi zat POvusal2argioons

(Mol ecul ar Dynamics, Sunnyvale, CA) containing |abel ed probes were added
to slides and cover@@mcm@ﬁaSWhéa%gwaélgenﬁrade@ﬂohneach humi di fi ed
chanmber in a ‘éfﬁ‘ge' r?trﬂed%‘ir?é Ié’%’eerrs'&bﬂn% W&éb@h?@%&ﬁws s|ides were

initially washe room 35 solution
cont ai ni ng 1x§ii,@nvaa@/(‘éb %'W%@S@@e analygesbgith Séiffa}’é’ﬁsmmér(bsﬁﬂﬂ@ar@vas hed

?L 65|C ; or 10 (nhalgm/ggﬂeéeﬁi]?cﬁaﬁ? sﬂtam@arﬁé&a)t Waﬂﬂld@éscegg?%gggfhl ng,
e Sl aes.werl.e 1,.e ase nitro a

PCT/ US01/ 29425‘”% Vﬂ‘?’%%?f’%‘ﬁ%%&%‘ﬁ%tl'@gﬁ?wgcgg V%T‘?egﬁat ed from
each slide waseadiagsiveredxworthddo lbaxreadsimstdor f(anbeauélysnsDynam cs,

Sunnyval e, CA). The images were anal ygﬁgsmltﬁ}ﬁrrayv sion 4.0 software
(I magi ng Research, | nc O 01t ario, Ca, . raw fl uorescent | ntenS| ty 5

for each spot

were exported to a spr A@ctsé\ﬁshredeWIthurH&Efnb%@l@hmé\?erof ﬁéfNMPal\,E 4 Oorrpa“ son
O CGene ressmnﬁﬁggls | n The Entner Douderoff Pathway As Conpared Wth
f

The Enbedeh Meyero KAEWP!8 Brepsnts BICIARITRY §VIdeBRe SemIstaipgjhe Wskence
de{mlr;s]t rating q{fﬁm Eswhdenf Nllelyerklitfbp&hw&dly)fen’ dmbbnpﬁétbbﬁk’s{rﬁmﬁ tlTi:ﬁﬂ@?)@tram

met abolismin the rel atjive |evels of
expressi on of enesjf:(? %%’H&ﬁtﬂﬁé %H%ﬁ{?dlﬁg@m%&épﬁ%ﬁymb RREE for thie

Enbden- Meyer h n@ralanuﬂgrofﬁmthwawmlme Embder-Meayerofapatwtayvi The of each
gene was esti ﬁ*@lfaﬁﬁ'eWath%nalécmr&r@%e{c%%%\QS%%Eilr}i’a?féooYvﬁH'm\‘l‘&' y (Exanpl e

3; Wi, et_al Qﬂ%eg si ngl e DNA

i croarra}scoﬁ‘?'ﬁforﬁr‘??d e RrepONslyy (Exarile \Brg\fﬁﬁsgf a5, JNBeBl/| ononas 16a

was hybri di zed 88t345- 55@1@2@01)gejnerat ed frﬁm %anom c DNA and tot aI RNA. The
DNA of 16 el e e eno
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array can be rcackepobaste amay were glatfifieel. TRMAIntensity ratio of Cy-3 and Cy-5

was then used to calculate the fraction of each transcript (as a

25  percentage), according to the following formula: (gene ratio/sum of all
ratio) x 100. The value obtained reflects the relative abundance of mMRNA
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. The numbers in Figure 2 next to each

30  step indicate the relative expression level of that enzyme. For example,
mRNA abundance for the methane monooxygenase was the most highly
expressed enzyme in the cell (ranked #1) because its genes had the
highest transcriptional activity when the organism was grown with methane
as the carbon source (Figure 2). The next most highly expressed enzyme

35 is methanol dehydrogenase (ranked #2). The hexulose-monophosphate

synthase gene is one of the ten most highly expressed genes in cells
grown on methane.
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abundance in a descending order. The nunbers in Figure 2 next to each 30
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MRNA abumvdanzessipr t he net hane nonooxygenase was the nostPar/ghéy274mxpr essed
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15 d Met han E@qu
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For A Pyr Efﬁﬁﬁﬁg@”z?{ﬁoéf%%‘m’l%‘?@kl ABQRoOksH.TH9%2. eEe p@“@hows t he
evi dence for Mﬂrqﬂré{mvmd Dalten; ppr t4hao5phat e- | i nked phosphofruct oki nase

enzyme in the current strain, there%m#ngthefunctlonallty of the
Enbden- Meyer hof f pathway in the pre | onbnas strain
Phosphof ruct oki nase adtg ¢ byeahusphate2binkedhy| ononas 16a

by using the coupled enzyrreassaypjfo% bﬁ’ﬁ&oR'aQ Assay conditions are
given in }' bl e 7 bel ow. Cou hos phofructokl nase

| e
reaction measur &"%?X%.m@&x?ﬂ% Bie-svidencastonjne prrseprefaf @t oki nase
reaction is ceymmbhsphate-finked pisesphofructokinase enzyme in the current strain,

thereby confirming the functionality of the Embden-Meyerhoff pathway in
the present Methylomonas strain.
Phosphofructokinase activity was shown to be present in
25  Methylomonas 16a by using the coupled enzyme assay described below.
Assay conditions are given in Table 7 below.
Coupled Assay Reactions
Phosphofructokinase reaction is measured by a coupled enzyme
assay. Phosphofructokinase reaction is coupled with fructose 1,8,
.30 biphosphate aldolase followed by triosephosphate isomerase. The
enzyme activity is measured by the disappearance of NADH.
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
35 cleaved to 3-phosphoglyceraldehyde and dihydroxyacetonephosphate by
fructose 1,6-bisphosphate aldolase. Dihydroxyacetonephosphate is
isomerized to 3-phosphoglyceraldehyde by triosephosphate isomerase.
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. 30 bi phosphate al dol ase foll owed by triosephosphate isonerase. The enzyne

activity is neasured by the di sappearance of NADH.  Specifically, the

enzyme phvogpheferuct oki nase catal yzes the key reacti on conP€TAUSOgR7#0UCt 0OSe 6

phosphat e and pyrophosphate to fructose 1,6 bisphosphate and

or t hophosph&iycerst phaspdeate dehgdiogespsm phisdADHsaB53¢| eaved to

3- phosphogl i oL 3F: f
}éﬁg%@h%{ﬁw&slo%?%é K%&é W%Sh&g%ﬂ%éggﬁg?@%ls@{ate A NATS

1, 6- bi sphos dol ase. roxyacet on ) I someri zed to

3- phosphog! YEAPSFE OfﬁwADrH @s’@ﬁﬂ%@'&ﬁaﬁ@%@ﬁh@$'ﬁgéPGSEOWP’(OE'IGIBBl?

PCT/ US01/ 27 421fraSPex:cI00, Phasivid Bistebydr ogenase plus NADH and 3-
phosphogé ycer al dehyde yi el ds the al cohol glycerol-3-phosphate and NAD.

Di sappear ance of NADH i s nonitored at 340nm usi ng spectrophot onet er

(U traSpec 4000, Pharmaci a Biotech). Tableabl e 7 Assay Protocol Reagent
Stock solution Volune (RI) per- Fi la A (mM) | nL total reaction
concentration volune (M) Tri s-Hé—%p@@%mO 100 100 wmCl . 2 H20 100
35 3.5 Na4P20r7. 10H20 100 20 2 or ATP Fructose-6- 100 20 2 phophate NADH

Tri ose phobphat Se(9D uni 1/ i e gugy iy VRl (RPPEFENe] RS ERE
units/pi) L.8 units | phdsphat dM¥hydr ogprigdetotaceagiinn | 50 cencemption] st
to 1 nmL Crude extract 0-5C 10 Thi s g(lupl ed enzygRinassay \as fu_r(,tnlMa)r use to
S st TN A A LA NG N
MgCI2 .2 Hzo 100 35 3.5
Na4P207.10H20 100 - 20 2
or ATP
Fructose-6- 100 20 2
phophate
NADH 50 6 0.3
Fructose 100 (units/mL) 20 2 (units)
bisphosphate
aldolase
Triose phosphate (7.2 units/ul) 3.69 27 units
isomerase/glycero (0.5 units/ul) 1.8 units
| phosphate
dehydrogenase
KClI 1000 50 50
H20 ' adjust to 1mL
Crude extract 0-50
10 This coupled enzyme assay was further used to assay the activity

in a number of other methahotrophic bacteria as shown below in Table 8.
~The data in Table 8 shows known ATCC strains tested for

phosphofructokinase activity with ATP or pyrophosphate as the phosphoryl
donor. These organisms were classified as either a Type | or Type X

15  ribulose monophosphate-utilizing strains or a Type Il serine utilizer.
Established literature makes these types of classifications based on the
mode of carbon incorporation, morphology, %GC content and the
presence or absence of key specific enzymes in the organism.
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phosphof ruct oki nase activity with ATP or pyrophosphate as the phosphoryl
donor. These organisns were classified as either a Type | or Type X 15

ri bul ose monupsosphate-utilizing strains or a Type || serPapUStli7THReEr .
Establi shed literature nmakes these types of classifications based on the
node of carbon incorporation, norphology, %C content and the presence or
absence of key specific enzyrres I n t‘lmglelgganl sm 59 WO 02/18617

PCT/ US01/ 27420  Tapl¢ ‘ And ATP Li nked
Phosphof r uct oki nase "ACtT VT Uy X cterla 5 Strain
Type Assi ni | at Phasphveirugigkingse Brekvityoh m n/ ny

m n/ ng Kkt hyl enobnas 16a i Ri bul ose 0 2 “ ATCC PTA 2402 m)nophosphate
Met hy| onoas— R butose—0701+S: | te—rono ||uoﬁ_||cuc ATEEC35668
Met hyl obadt er | S¥aial ose 0.1¥Pe0 0 ssiiiatiar nbjur ATIbREhos phdtps-PRICC 41738
Met hyl onorjas | Ribulose 0;0.3 ¢larpy hoslpaict NALSEY 81 N
Met hyl om drobium | Ri bul ose 0.0 3.6 al bus nophosphat ¢ iﬁ%& @0}6/3
Met hyl ocodcus X Ribulose 0 01.0.04 capsulat s _nBWYAkbs phat MO 19969
Met hyl osi udethlyicrrbh&€18a07 Q. 4] REMEdaIM ATCCt 35069 Several conglusigns may
be drawn fir gﬁﬁ’ﬁﬁ%ﬁ pr ésent ed abovE First, it is cle¢ar that ATP{(which
is the tYF vyl | donar | MANOPRASRAMEr ict okinase) is essentiglly
i neffectiVe Methﬂe@mphof r yict pki niamldéé regcti 0p.gin net hanot3['15)phi cl
bacteria. [Only ip ani ¢ pyrophpsphat fagund to support the reagtion
in all metjhanot r%@ s tested. Se Bf%"yﬁf’ﬁ atgy |
ATCC 35068 ,
Methylobacter I Ribulose 0.01 0.025
Whittenbury monophosphate
ATCC 51738
Methylomonas ! Ribulose 0 0.3
clara ‘ monophosphate
ATCC 31226
Methylomicrobium I Ribulose 0.02 3.6
albus monophosphate
ATCC 33003
Methylococcus X Ribulose 0.01 0.04
capsulatus monophosphate
ATCC 19069
Methylosinus Il Serine 0.07 0.4
sporium
ATCC 35069

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

10 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

15  data show that many methanotrophic bacteria may contain a hitherto unreported

60



nmet hanotrophs contain this activity. The activity was essentially absent in
Met hyl obacter whittenbury and in Methyl ococcus capsul atus. Internediate
| evel s ofoawidevity were found in Methyl ononas clara and ReT$IRTIHI0US

sporium These 15 data show that _manﬁ met hanot rophi ¢ bacteria may contain a
hi t hert o unr egdtasphofreotolinase addigity. RoTaywse infereddromp Hys thalfmetbaokiropke

activity. It revntdifingthes sesit/ bty scthBatm éMﬁéé}errﬁm atifidyf @l ning this
activity have an act ig{;@ Errbde;l,- Meyer f pat Ealay. XAI\/PLE 6 oni ng of
Carotenoid Genes from Pant oea stewart rs were designed using the

sequence from Pant oea andliehing oftCaretgpoid Behet fRgMPahidBs SiehRaggnt ai-ni ng a

ATGACTTCT ScoCAAMAANER VB T SRS 5o e ARivensc o RerPPRERARAEE se0 1 D
NO: 44 10 Chr ortosonglify BNragrenihy PCRecoritaimingramrioziastet efgenes. TAERC no.

8199) and PfchucRee® MRS PSes(Stratagene, La Jolla, CA) Was used in a
PCR anplifcation réaﬂaétlon under the following conditions: 94 C, 5 mn; 94

C (1 mn)-60 C (1MAACECECIREGEMAMALEAGR| es, ardQaD NOH4% 10 ni n.
AI si ngl e pr oduct ofGAWTTWT@WIgﬁCEGAWSN@BM$®O/Ed sfa@d_)llgvmt)g@zge! 1f732 c

t ase r) was used i e n
Feact i on 8 addelRPRTATRE iBlat o Fitked SRte D € g Bl o
TOPO cl oni ng  iandoPRCRAFIDaREy hkeraset (Sigdagerea ilashaid, COAWasrodddini an§CR
6l octr opor at | GaNPTGaiciP| ackbR il E*Ee oo ESHons S CLp Ry Ph°€01 o, 20
i ndi cating t hdfl RePOEr € Bdd(Z R &%aﬁw@ﬁcﬁy@laﬁoﬁﬁdq C fas1 10mimg
(Val onci a. Ay e pIciet BPAGRIORNAIBE BTN 948 ShBEnidR Bl g8l TP e
f ragment Wds terlﬁﬁé‘b‘g}oégsﬁ ﬁ@qp@g%_e&aq%(‘g’@@kiprﬁn@gggs tsRd iR teR MG Syst em
kit (New Eng: &fdreBictibalis addrezlditidday 8 Agenddije n@cléuﬁd&"f thto%sdfaglﬁ@ﬁ&or

d ' : e ransposon.

Sequonce vias %a'%enbeﬁi‘%"éﬁfnﬁn'ﬁ%ﬂ*ﬁ%ﬁ%@@?{iﬁﬁ@e Senriptt o EARRRRE! 1 nat or
t echnol ogy (USraBéeBsiiontp 2 7ciddhSadlifg) TechnpiegiesoRoskels,fVB) pyi ner s.

3 ; L . 1 ( Codes
o g S SR e s SO BORMATRE 5 2r o

The preserf eXadpRING B theywerspraditsing 2 saroteaeidaesnintindanollowing
i dentificati O%ﬁm@l is8laEibARR iAsthi A BY RS intarRAA SR B8RP tHE QgeRhodococcus

erythropolis afLeZn'cia, CA) miniprep kit, the plasmid containing the 6.5 kb ampiified
fragment was transposed with pGPS1.1 using the GPS-1 Genome
Priming System kit (New England Biolabs, Inc., Beverly, MA). A number
25 of these transposed plasmids were sequenced from each end of the
transposon. Sequence was generated on an ABI Automatic sequencer
using dye terminator technology (US 5366860; EP 272007) using
transposon specific primers. Sequence assembly was performed with the
Sequencher program (Gene Codes Corp., Ann Arbor MI).
30 EXAMPLE 7
‘ Cloning of Rhodococcus erythropolis crtO
The present example describes the isolation, sequencing, and
identification of a carotenoid biosynthetic pathway gene from
Rhodococcus erythropolis AN12.
35 Isolation and Characterization of Strain AN12
Strain AN12 of Rhodococcus erythropolis was isolatd on the basis
of being able to grow on aniline as the sole source of carbon and energy.
Bacteria that grew on aniline were isolated from an enrichment culture.

61



35 Isolation and Characterization of Strain AN12 Strain AN12 of Rhodococcus
erythropolis was isolatd on the basis of being able to grow on aniline as
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d I t room
Perperatund (AHHPORI Sigbes Jressepaleqiutn ey 'ﬁw%%uéﬁggb%edwéwa dNagb wer o
anpl i f :.')| e}g bYZSPﬁaT&tHdnpmwmz(aﬂpmnﬁ@ﬂelmC Ea@épreééﬂu@hee %éteelrég\rﬂnﬂaonuffﬁr .

col oni es
oiate were. scaiasaaTR gn 3teq Ridhe bl 5115 AQHES A8 Folsashremar t hen
thawed once. CHﬁbOll@Bdremmggeﬁ@lm‘e@mmmkam&feeredrﬁﬂmfthedrlgmaPSRZLayam% a )
| kit r C n mer
Wt primers HK%%%%&%@%Z%@&@%@; w% SRR IR racts
(5' - TACCTRETT ANieETen $hg inteey 9frpaqd; pegy di Be ppii dishesavare saaleet ki n

El mer GeneAnp Wifi0RatdiphviidkincHated UpRid2dBN e &t rd!%‘?er'n@%%ﬁéad for 5 'mn at
94C and thennﬁ%/l(fglp‘ed .35, ti EE at 94C for 30 sec, 55C for 1 mn, and 72C for

1 mn. The a A genes were purlfled usi ng a commercial kit
according to the The 168 rRNA genes of each isolate were amplified by PCR and

analyzed as follows. Each isolate was grown on R2A agar (Difco

25 Laboratories, Bedford, MA). Several colonies from a culture plate were
suspended in 100 pul of water. The mixture was frozen and then thawed
once. The 16S rRNA gene sequences were amplified by PCR using a
commercial kit according to the manufacturer's instructions (Perkin Elmer)
with primers HK12 (5'-GAGTTTGATCCTGGCTCAG-3') (SEQ ID NO:45)

30 and HK13 (5-TACCTTGTTACGACTT-3') (SEQ ID NO:46). PCR was
performed in a Perkin Eimer GeneAmp 9600 (Norwalk, CT). The samples
were incubated for 5 min at 94°C and then cycled 35 times at 94°C for
30 sec, 55°C for 1 min, and 72°C for 1 min. The amplified 16S rRNA
genes were purified using a commercial kit according to the

35  manufacturer's instructions (QlAquick PCR Purification Kit, Qiagen,
Valencia, CA) and sequenced on an automated ABI sequencer. The
sequencing reactions were initiated with primers HK12, HK13, and HK14
(5-GTGCCAGCAGYMGCGGT-3") (SEQ ID NO:47, where Y=C or T, M=A
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35 manufacturer's instructions (Q Aquick PCR Purification Kit, Q agen,

Val encia, CA) and sequenced on an automated ABI sequencer. The sequencing

reacti onsvowr/eséiini ti ated with priners HK12, HK13, and HKI1BCT/US01/27420

(5" - GTGCCAGCAGYMSCGGT-3") (SEQ I D NO 47, where Y=C or T, M=A 62 WD 02/ 18617
PCT/ US01/ 274200r G} B)le 1ﬁﬁer gerplsegunpcs ofjgadit isoldte stashusasbasitre was used

as the query I 4 C Aci ds
Res. 25: 3389- ae f&ég%gg TSRIER (A W@ée{*&ugﬁ’g@“ﬁmﬁ?mm gene
of strain ANl ﬁ%{?)bﬁﬂ aké@ralm'laessmwefes rRNA sequences in
t he GenBank sequeno@m&m@en@hﬁsi@& ANRDAv &€ B86q @@fué@rmj écﬂrﬁﬁhféd@ n AN12

bosi 1 ve. bact IR E@“%ﬁw&aeé@éen%e%ﬁn&%r%%%o{%@%e“% dasharin s

Genoni ¢ DNA f oRNgkgeorceqyeand f@eq&@mneﬁl%ﬁwaatatdeastﬂ%%emﬂarcto%168

tion. Al NBYE nedi um
(0 Bo% nut 11 ent B ogRnegeaeliEds BPh e e BrafBos S g WcleBa i T, og
phase at 37C vﬂ‘?rgeé‘é'ﬁd?hQﬁPCUBéi@@erl al cells were centrifuged at 4,000 g

for 30 nin at meiheﬂmeéﬂe@'%mmmsrow@é 8enciAg' e%Q: 285l Na2 CCB
containing.l1 MK 0 . The
cell pellét’ was genggl gegrauen. BBTA (pH

8) and | ysozyrgafommsnzﬁﬂjmdi NBYE médnuad (oze%cmrthéat bnémrc‘i 00.5% V%dﬂetxtﬁbte Chen
ode a S
suspensi on 2% hBgURALER &8 i Hi b6 pngsl oy AL W SEREK SGLaLEQUES Lhe
g/m final coneiesentiibgedrid, 0 gdepdhsiinmt Wae. iTheutall pellehtvassadied 5 h.
The suspensi onyReCaE 20! AR50 NI Nd hfba;{: Er{nH@gﬁKﬁﬁjﬂg ?ﬁ&% . equal

vol ume of __phe oI hIo ofor 1 S er ce rlfuglng
at 17,0001g f W&c{&@b@s Tracel pelietvascgenty fesurparde
transferred tc ml nemeeTnsmo nVMlE[DEA( H ®tdirngkoxnah év@@,d&suem@ 3 he 25

| | t
dppeq i eo o TRbEohEshtde é@§ > BE i SudhRbsie why st g
drying, DNA \as2hestspigntdodegy! solﬁatplwaﬁ tHEB gddedid d fingl-coneiyh EBdn of)H 8)
with RNaseA (108 am/;sﬁe}e.ﬁagb Rhﬁé@gdaédﬁ?mb' gr/mr néﬁ%%éf;ﬁéfbcg{‘ HMQQO to 500

g of chrompsomal DNA wa [ esuspende u ion o sodi um

acet at e, mﬁuﬁppgs'ﬂﬁlwaﬁ'w&@d ﬁ’d Eh)%r be puepensionhgcameslear at 12
psi for 60 secand%h@rbleékel @@fesha@@m@&téat\mme@qualwturﬁ@@ﬁber (1Bl Medi cal

N h Balal ﬁvi’%gaggﬁ#k@r PEferan o ge 20 iter R OaR Ot o ze
fractionation 1000 g for 20 min, the aqueous phase was carefully removed and
transferred to a new tube. Two volumes of ethanol were added and the
25  DNA was gently spooled with a sealed glass pasteur pipet. The DNA was
dipped into a tube containing 70% ethanol, then air dried. After air drying,
- DNA was resuspended in 400 pl of TE (10 mM Tris-1 mM EDTA, pH 8)
with RNaseA (100 pg/mL) and stored at 4°C.
Library construction. 200 to 500 pg of chromosomal DNA was
30 resuspended in a solution of 300 mM sodium acetate, 10 mM Tris-HCI,
1 mM Na-EDTA, and 30% glycero!, and sheared at 12 psi for 60 sec in an
Aeromist Downdraft Nebulizer chamber (IBl Medical products, Chicago,
' IL). The DNA was precipitated, resuspended and treated with Bal31
nuclease (New England Biolabs, Beverly, MA). After size fractionation by
35 0.8% agarose gel electrophoresis , 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.
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35 0. 8% agarose gel electrophoresis , a fraction (2.0 kb, or 5.0 kb) was
exci sed, cleaned and a two-step ligation procedure was used to produce a
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7.0). Al USRS : ) ' I D h

di rZact i ons.seqSequeﬁggﬁgﬁg) ﬁg@g}r %ﬁ MEE%%%@%CI@Q%&E%S%%@# %%'B% 3he
genoni ¢ sequerRefasmetbinibies EMASIar €PNPNB e dine. sMartisonwhiVI br gtear ed honol ogy
to two differ : ' d Ctl and
had t he Iqi ghﬂscﬁgmﬁfG%?é@ﬁ@ﬁ?ﬁ@%fﬁ?%&%tﬁ ' ’ts%g'g&g%t ative
phyt oene th;éﬁ’%‘&é%s(gr%ﬂpd %@},3\2@ a9t m,@oq:@r@ package ot her ORF
(originally desegiai Zid)ani@dqlienceovepeseht dvdiage hirabi GeieiomBbagy 20
(35% i denti ty"ﬁ%%%)ﬁﬁl mlarity, Wite O et al Science 286 (5444), 1571-

1577 (1999)) t Bbabl e phyt oene dehydr ogenase DRO093 from Dei nococcus
r adi odur ans. ranaysisionErtin of the protein by notif analysis

i ndi cated that the ' QR tro Assay for
Ket ol ase Activity Oﬁ%ﬁ%%&%%!@%ﬂﬁﬁﬁ%g%@(ﬁﬂcf%%‘uphgﬁé encoded a
ket ol ase, 1Phe MaedRAOsEEE S dhtapalefN12 which Shwred hemalegy tssiveddiffessrdssayed
for the presenigt@nkabRdogefsdds/ i O¥e @I’?F‘ﬂ/éé&’%i%&@&@#@ﬁ%ﬁ%&c
anplified from. AN12 usi t%&r.im&rs crtl12- N. A ( SEQ
| D NO 48) and Nighes hemolggu (odidertitpcbs

12- N, /
CEinilpdiznq ponttve) phyferneanpl i fi ed
1599 bp 30 f uldeHyengidnaset frgeSteepiosyets 8edlidoldraA 3Dy ¢ fhs HtH&RORE! oni ng
ol | owing | marupaiely dBaiondReh as ChZ ol BB RIS e bdnerthamiBayboa17)
cont ai ni n@d%t hd3&%a degéiye SO aisullarity; (Wbite 6. \wdad Soicneat286i (5d44pJBFdti ve to
t gesfa aﬁeggfgtﬁ‘rm 9bls) t6arhRIbaBRSpMABERE WRAYgERELE DHACYL AGRl ysis and
‘Deinococcus radiodurans. Subsequent examination of the protein by motif
analysis indicated that the crtO might function as a ketolase.
In Vitro Assay for Ketolase Activity of Rhodococcus CrtQ
25 To confirm if ¢rtO encoded a ketolase, the Rhodococcus crtO gene
in E. coli was expressed was assayed for the presence of ketolase activity
. in vitro. The ¢rtO gene was amplified from AN12 using the primers crtl2-
N: ATGAGCGCATTTCTCGACGCC (SEQ ID NO:48) and crtl2-C:
TCACGACCTGCTCGAACGAC (SEQ ID NO:49). The amplified 1599 bp
30  full-length crfO gene was cloned into pTrcHis2-TOPO cloning vector
(Invitrogen, Carlsbad, CA) and transformed into TOP10 cells following
manufacture’s instructions. The construct (designated pDCQ117)
containing the ¢rtO gene cloned in the forward orientation respective to
the trc promoter on the vector was confirmed by restriction analysis and
35 sequencing.
The in vitro enzyme assay was performed using crude cell extract
from E. coli TOP10 (pDCQ117) cells expressing ¢rfO. 100 ml of LB
medium containing 100 pg/ml ampicillin was inoculated with 1 mi fresh
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The in vitro enzyne assay was performed using crude cell extract fromeE.

coli TOP 10 (pDCQL17) cells expressing crtO 100 m of LB nedium

contai ni MO a®ey7 M anpicillin was inoculated with I m fPeRUSGLVID

02/ 18617 PCT/ USO1/ 27420 overnight culture of TOP10 (pDCQL17) cells. Cells
were grown at GEInightt chiltgieadd TQP 40 (ﬁDOQ’Iﬁr’ﬁ)naHSIC@mm@reﬁ geminedt Q78 Cel | s

|
hrse Coit pol | afta sk & o0 GG 0K GRAERTA Bi% LA idrs Moo o
15 min) were 5With 876MMAET Brrawkecinted gmwmge&@gdm@emhr@ Gellipeietsol d 50
mM Tris- HC (weét)admhaammn@ulﬂwa?b%@ﬁtﬁmgéné&@mdtpgGHEPFmM Wwafpt ene

2dded to t b T EOASSLAR B UCRISPY PSP BRSTKh R 2 TS OIS AR S i v de
into two tubesHﬁhthfBB) pgntaining 0% dlrilon X-d80belddsy 6Dp-LanvtenBisubpeate
Products, 10 |®GecBaR Lﬁﬁéfr‘altéﬁ’Pr%ct‘é'aﬁ\cgqﬂ%g) elg%f%?:g{bntet\pgs agﬁégi gﬁ € nni ng

br oken by bead "beatin 'S Was renov
at 10000 rpm sttﬁpezsmnrﬁndwrr@ﬁe@wm@mfg ﬁmmmremawlmm tWwhe conbi ned

super nat ant (&uﬁbé a2l }rfgtcﬂ‘cizmefohfé/éhdﬁbé’édé fBﬁ) 7Pr%dﬁkﬁf sfer ina

50 m fl b te shaki ng 15
2t 150 1 prith oriN; PAGIEENTS] DRJFRS ey esacha ?S&Q'isdﬁer\ﬁdyog%
a]gld:\éI |C|on of 5 hséam@tf@amhmatadd@éllrd%@hbwaé/\ﬁefrﬁb\fe‘ed% %gg{mlateﬂdwcgrrotﬁggm o
was a 0 .separate a i

|On t he upper %dg? i 'Btaﬁ‘ea'?m@b%iofwe&%me%"ﬁ&ee%ﬂﬁ@ (tﬂ] q‘ﬂﬂ%‘ér ni t r ogen.
The car ot enoi cmlpmmatané(ﬁnﬂ)swaseldu’ued Wit 3 mhi demmﬂmmﬁQbH 28 Yudferih-BC

I uveau
1o 5 L] T Bl S S L 2
onto a 1295x triA0Rmen (CE qifteisat tangths pf Hopurihe rﬂacmmwsﬁwﬂﬂ by guard
col um (Hew etdddieskar 8 ml%&h%ﬂbﬂérw@xtrgﬁ}on W-{lkl]% rH &H\é‘tﬁy%&éf"a%% rﬁh/ m na and

he Sol t 0 hanol
10096 et hanol | STHRGNGS ACHEUIC SAPEABHY R REReAS OSHRERFIN.dat a Was
col l ected us :j r@ar&t@wﬁmtheplhme?dl@lﬁgl @théa helsd %%Qfollé@t@dt@ndlcﬁ@d Three
Kk xt.ur.e
Egﬁp:lr\é\ﬁr ?ol sﬁg%nd rng‘tgo&éq 4-?\/\/@% %g}étgp@, %é‘%er?ﬁgt 1559 Veﬂi’&%@'l’f’féﬂ%ampent i on
time of 1308 HonHMRE analysist esing an Bechmapeysteint Goldét ldRt Conith Beekmah 13. 8
mn was cant ha@@l@tmbl@veathgoﬁ\ﬁéﬁgﬁolaﬂ’rb% ). V‘@jl l‘ﬁpéitthg c!f@{j% ac@@ﬁ' nenone,

the internediate with only one t one group Rt reaction

m xture, the é??ﬁ‘l’e}%‘ﬁﬂﬁ%aﬁ Rededvataad Apxs4 e RRG )(5 M@h@@ﬂ'@lﬁs) gPbiet and no
cant haxant hi n wigs corresiveting gqagﬁéolUMﬁw@ﬂ-Fﬁadﬁaﬁi Far esahad, ca)hi gher
level s of echlﬂ%pﬁ&ﬁ Al ta*Qel AR aAd He golven?program was 0-11.5 min 40%
25  water/60% methanol, 11.5-20 min 100% methanol, 20-30 min 40%
water/60% methanol. Spectral data was collected using a Beckman
photodiode array detector (model 168).
Three peaks were identified at 470 nm in the 16 hr reaction mixture.
When compared to standards, it was determined that the peak with a
30 retention time of 15.8 min was B-carotene and the peak with retention time
of 13.8 min was canthaxanthin. The peak at 14.8 min was most likely
echinenone, the intermediate with only one ketone group addition. In the
2 hr reaction mixture, the echinenone intermediate was the only reaction
product and no canthaxanthin was produced. Longer incubation times
35 resulted in higher levels of echinenone and the appearance of a peak
corresponding to canthaxanthin. Canthaxanthin is the final product in this
step representing the addition of two ketone groups (Table 9). To confirm
that the ketolase activity was specific for crfO gene, the assay was also
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correspondi ng to cant haxant hin.
step representing the addition of two ketone groups (Table 9).
t hat the wevwisase activity was specific for crtO gene,
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25

t—vatues—repor{ed—in—expect—vaues—he Expect vatk-de
statistical s @@Mha?@ﬁﬂﬁnof {|Rehinansme speci fRcatene nunber

with a given sc Ja¢4mtnhat are ex p@,@hﬁg in a se r&{g

s size 25 abbqlufely by change. 66 WO 02/ 186 h F4nm
NN-_0Q Q) L PRTRTRRAL 5.8 min

0 hr 0% 0% 100%

2 hr 0% 14% 86%

16 hr 16% 28% 56%

20 hr 30% 35% 35%

EXAMPLE 8

All sequences from Examples 6 and 7 were identified by conducting
BLAST (Basic Local Alignment Search Tool; Altschul, S. F., et al., (1993)
J. Mol. Biol. 215:403-410; see also www.ncbi.nim.nih.gov/BLASTY/)
searches for similarity to sequences contained in the BLAST “nr”
database, according to the methodology of Example 2.

The results of these BLAST comparisons are given below in
Table 10. The table 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 a search of a database of this size
absolutely by chance.
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PCT/ US01/ 27420 EXAMPLE 9 Expression of 0O-carotene in Methyl onobnas 16A
Growi ng on Methane The crt gene cl ucEt)g{Mggggl sing the crt EXYlI BZ genes

from Pantoea 5 _stewartii (Exanple 6‘Wa§“r—nt‘r d ed |nto Met hyl ononas 16a
to enable the syé@ﬁ%ﬁ'—%—m%ﬁ% Jedh 3s " EWINg<on Meihane wer e
desi gned using theTM&QG%ET&(@&IOMW@QHP@&HEXWBZPeﬁé@lﬁbf'r)’P@nfde%g”e”t

2¥ &%g&%&%&m %E%Weﬁ lﬂgoascesc? %"fg erﬂ%ylo'mr})%as 196% to enable 10

the synthesis of desirable 40-carbon carotenoids.

Primers were designed using the sequence from Erwinia uredovora
to amplify a fragment by PCR containing the crf genes. These sequences
included 5°-3":

10 ATGACGGTCTGCGCAAAAAAACACG SEQ ID 43
GAGAAATTATGTTGTGGATTTGGAATGC  SEQ ID 44
Chromosomal DNA was purified from Pantoea stewartii (ATCC no.

8199) and Pfu Turbo polymerase (Stratagene, La Jolla, CA) was used in a
PCR amplifcation reaction under the following conditions: 94 °C, 5 min;

15 94 °C (1 min)-60 °C (1 min)-72 °C (10 min) for 25 cycles, and 72 °C for 10
min. A single product of approximately 6.5 kb was observed following gel
electrophoresis. Taq polymerase (Perkin Elmér) was used in a ten minute
72 °C reaction to add additional 3' adenoside nucleotides to the fragment
for TOPO cloning into pCR4-TOPO (Invitrogen, Carlsbad, CA). Following

20  transformation to E. coli DH5a (Life Technologies, Rockville, MD) by
electroproation, several colonies appeared to be bright yellow in color
indicating that they were producing a carotenoid compound

For introduction into Methylomonas 16a, the crt gene cluster from
pCR4-crt was first subcloned into the unique EcoRY site within the

25  chloramphenicol-resistance gene of the broad host range vector, pBHR1
(MoBiTec, LLC, Marco Island, FL). pBHR1 (500ng) was linearized by
digestion with EcoR/ (New Englénd Biolabs, Beverly, MA) and then
dephosphorylated with calf intestinal alkaline phosphatase (Gibco/BRL,
Rockville, MD). pCR4-crt was digested with £EcoR/ and the 6.3 kb EcoRI

30  fragment containing the crt gene cluster (crtEXYIB) was purified following
gel electrophoresis in 0.8% agarose (TAE). This DNA fragment was
ligated to EcoR/-digested pBHR1 and the ligated DNA was used to
transform E. coli DH5a by electroporation. Transformants were selected
on LB medium containing 50 ug/ml kanamycin.

35 Several isolates were found to be sensitive to chloramphenicol (25
ug/mi) and demonstrated a yellow colony phenotype after overnight
incubation at 37°C. Analysis of the plasmid DNA from these transformants
confirmed the presence of the crf gene cluster cloned in the same
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GAGAAATTATGITGTGGATTTGGAATGC SEQ I D 44 Chronposonmal DNA was purified from
Pant oea stewartii (ATCC no. 8199) and Pfu Turbo pol ynerase (Stratagene, La
Jolla, CAyowassesed in a PCR anplifcation reaction underP¢h&séiad7kzom ng

conditions: 94 C, 5 mn; 15 94 C (1 m'ngpﬁ-qo C(1 mn)-72 ;:@élq mn) for 25
cycles, and 7rieptatipn ap thepBHRY ehlatpraphenidolsesistangsgena aed 8liy 6.5 kb was

observed fol | gakma gak desl éd)Pb@tﬂe(#igi:re?glggfatrm%t%n(s?ﬁbkm El mer) was

d i t ' 7 t d ] | 3" adenosi de
nucl eot | des (BT PRAL R SR A oISt AW RO EMONENGART ogen.
Car | sbad, CA)corffioinedwhegresthder efitaé erngsrisiuser tlorea ih t%@@l f)()éiitée 4
Technol ogices, ' troproation, . several colqgnies appeare
T beche e B HEnd B AR B Rl LB s 3
carotenoi d cdiponithwasdesignatenipCridgnThese radtis\duggestes! theafurctienal t gene
cluster 1 omepeBsi6h br RSoft el RIRS! AAETbEIA AOIA HOLBIRFRQR ite

I e |p oa 0S

T
within the 25 chl ogranpheni col™-resi stance gene of range
vect or, pBHRIPTO(M® Tec, LLC, Marco Island, FL). pBHRL (500ng) was

Iihnearijzed by di G@tatsir@dlpw'rr]ﬁhNiEfﬁBhsi@N?Wiﬁ&hﬂ?ﬂﬁ{l@h@héﬁ%aﬁ@"tﬁf|y1 MA) and
t [ W al f_intestinal alkaline phos

(G bool . ABEHHR FRbBphhaRarahd Sl Belned sl R CarBI I BRICEHA < ne 6. 3
kb EcoR 30 fansjnent. mjhE)blﬁuidtmotrlsyairrcorgehr@g:pﬁ%emer(ecgmﬁl)ﬁ\ﬁ\&)rt_}igas A

i fied fol ;W ; IS+ 90\a A IS

e hgment was 1 Enmedifh BREknG RaAGRRch E@H&‘i%u?’?%@é‘? NS vas used
to transfor mizancbrasuspeadesy ined ¥elunep of kBirepresenting Bppraximstalpae sel ect ed
on LB medi ume;mfm«aibahagqt%dﬂgéfrﬂme@gwe:hnure%lu?ﬁ\g?;ﬁb Mémmé@e found

b i ti . chl heni col 5 / > | | ow
col ony  phanot Y SHEh BaRBHAGRLSr 4ehaoaii Ofrate o Waryaradion tho

pl asmi d DNA f(CemerdlddetHodahst am aenbspheretontairitgtd6% Rue Avteas, t he crt

| ust ' : [USQ1/ 27 rientation
2s the parRy GRS HABSTATRY, 40 I ERRMded ] piotim? AL RTZ-dae
desi gnat ed p@epresertigaree’H)-fold gopoentratinn ofthalgriginal eultutesvolpines il DNA from
transf or mant %dﬂw%mﬁ@béﬂtdn'agre%ip‘{%ttc%llE)?g%yweﬁég@@gﬁ%d &Pgiel SRk

Phe pBHRECC hil AT AR RGeS GO AT B CE5 ek YRR AP o igaiipa ofdel des | gnat ed
pCrt 2. These ressedthelys UB@@@%]W@réBﬁgilntgg?@tétﬁﬁgﬁngt ig@ﬁ@éﬁ?@;@@ﬁg%r Ciregllez\i/; ts gene
clust e v LA ERN0N STRhRB B ot crlh B e A R Bt v 7he
E. coli hel p@ollsctediandtesuapainden pREZAAB Dilutions were plated on BTZ-3 agar
containing kanamycin (50 pg/mL) and incubated at 30°C in 25% methane
25  for up to 1 week. Transconjugants were streaked onto BTZ-3 agar with
kanamycin (50 pg/mL) for isolation. Analysis of plasmid DNA isolated from
these transconjugants confirmed the presence of pCrt1 (Figure 3).
For analysis of carotenoid composition, fransconjugants were
cultured in 25 ml BTZ-3 containing kanamycin (50 pg/mL) and incubated
30 at 30°C in 25% methane as the sole carbon source for up to 1 week. The
cells were harvested by centrifugation and frozen at -20°C. After thawing,
the pellets were extracted and carotenoid content was analyzed by HPLC
according to the methodology of the General Methods.
HPLC analysis of extracts from Methylomonas 16a containing
35  pCrt1 confirmed the synthesis of B-carotene. The left panel of Figure 3
shows the HPLC results obtained using the B-carotene standard and a
single peak is present at 15.867 min. Similarly, the right panel of
Figure 3shows the HPLC profile obtained for analysis of Methylomonas
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and.the E. coli DH5a donor strain containing pCrtl were grown overnight in
LB" nedi um cont ai ni ng kananycin (50 pg/nL), washed three tines in LB, and
resuspended 02/ms6a7 vol ume of LB representing approxi nmat el y BCT/E801H27420
concentration of the original culture volume. The Methyl onbnas 15 16a

reci pi ent was 1§adianscenjuganh sultyes containiapdhe ipdut oplasmitl.3A simiaupeall Gener al

Met hods) in a@tasmwmguﬁm&bﬁwbﬂq; é’éréiééig WihBRfigR®, washed three times
in BTZ-3, and resuspended in a vol ung representing a 150-fold
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conj ugat i on t geoeclustenfroer pTicHidctA éas descrivast aisows veas &wdkmécet ihtand

ded i ni ng
cananycin (50T dapramphotboLRSIsEc Gy BF B0 nbel Bas V8L, 0%
week. Tr anscoﬁ%ﬁ‘ﬁ% {MoRklac, {1 Lo Masgo dslend BTl PBIIRA (00 mg) M@ﬁad‘rgestad(SO
gg/mL) for Isgbqaemauy/wm E&bRIQﬁdI@c@?‘EhQ tl%'ﬁSVé?Jlg"‘Eure g 2 gNﬁor Smalysi s of

transconj an s confirnme esence of

car ot enoi gaiant yps @Vrgl?éjcfgh?‘ﬂ e B’Ph@tﬁﬁ'ﬁ%@ 8% aggrqge BTZ- 3
cont ai ni ng ka(fﬁMj):l Rlasbiid pdrroiHis- @@waéwéwt@@sﬁ@taﬁﬁeo&@@ with 8af grg hane as

cont 1 fugati oRbaranfiloetagton Sedr 5T NG refimeht (RaRiab S oigene
extract ed andcbetest(ed&XY/Bbunden theadmrsoapijaeal dontrbPbfGhedE cowrfidicng to t he
et ﬂgﬁg'nggy 0$rérh6te@©\'ﬂé¥n 3l rlfmaﬁaﬂe\g rq'féggga%%@rﬁeﬁn 8@0{%%@5?0;4 om

13- car ot e %‘ﬁ%@ Po?spﬁEg@f% fragmardweas IFG@’[WIL@MWQ Bpobt ai ned
usi ng the R—cErcoRéJ&}Easéfragdwmaﬁddh@hgé’de@l@lDNAnﬁ&l(uSédI&iﬁ*éﬁ%rrﬁtEl&lﬁm m n.

anal yor s of  NOHP Bl el obofia). SRR RHR e smiaTad o eiBeon) ugant
cul tures cont abmarrgng 196 yoirmi kapaémyoind Sepessl kahamypmadesmantl@laﬁé were | S
Zoaxant hi ?La%& TR Al B2 utih ah BT WO oyt hesi s
of zeaxantthi ncfl H”N/QO M s Py s rright mPW@a’Qﬂﬂ at Jefke PcﬂaJ)ﬁl%fo thegerapmict Hi s- crt 2
(as_descr! bedDiein eseaHRFOTRIhtS BORTARHRINOLBRBY BRiRALY bEALSL ance
gene of the br@lag?dh?ség[ act\ ?)C&gf y utg { % o Co l/S| and,
FL). pBHRL (5BO'SIY)C iy ‘38 udefibRtianscyplipnal cestrl ofthe BGal and t he
4876 bp EcoR #Spaombiek drftl Wesmdesignsies apCFHB e dHeaplbomicthapebr this
el ectrophor esg it QB AR in Figure 4. The Pcat Promoter is illustrated with a
25  small bold black arrow, in contrast to the large wide arrows, representing
specific genes as labeled.
Plasmid pCrt3 was transferred into Methylomonas 16a by tri-
parental conjugal mating, as described above for pCrt1 (Example 9).
Transconjugants containing this plasmid demonstrated yellow colony color
30 following growth on BTZ-3 agar with kanamycin (50 pg/mL) and methane
as the sole carbon source.
HPLC analysis of extracts from Methylomonas 16A containing
pCrt3 revealed the presence of zeaxanthin and its mono- and
diglucosides. These results are shown in Figure 4. The left panel shows
35  the HPLC profile of extracts from Methylomonas 16A or Methylomonas
16A containing the pcrt3. The right panel showsthe UV spectra of the
individual peaks displayed in the HPLC profile and demonstrate the
synthesis of zeaxanthin and its mono- and di-giucosides in Methylomonas
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(TAE). Plasmd pTrcH s-crt2 was digested sinultaneously with Sspl and

EcoR and the 6491 bp Sspl-EcoR DNA fragnment containing the crt gene

cluster WoDEM6IB) under the transcriptional control of tpkeT/ESo1Cki0 trc

pronoter was purified follow ng gel electrophoresis in 0.8% agarose 15

(TAE). The 649PARPMHRIRINERSH- rrepults\aeggesied thattlee cHEXABgepps

EcoR: -S;:al fr&?{@ﬁ@n@}@aﬂ?éxbtﬁt@éﬁﬁrﬂ%éﬂ?ﬂé p}(ﬁérggtér%ﬁiléatﬁéfc?fzr@%e \;R:ab'. DHgg
y el ectropor N, ormant.s were selec 0 medi um™ cont al ni ng

ug/ n kanarrycﬁﬁl.ng%rél?/ee‘i g\qﬁﬁa%l;? r‘?—”P@Eﬁt@LnJ?ﬂmﬁg%PM ﬁ%f@on&tgbmsensi tive

t o chl or anpheMatbyloprmasglGA.) and denonstrated yell ow 20 col ony color after

overni ght &ncubati : : | ' m t hese

t ransf or masnt s caonf ﬁhﬁegéd('ﬁognptﬁg?eﬂn@gag?&%%?yf"’{t%%gé&&n W&gmc%bsned into

pBHRL under t RBdSUpRSEreMRIBsmidscnuibEnabletthe prodwalion ofzeexpnibirot er and

vere desi gnat aithast Rfriafion Blen@ e ntiaf. diosidis® FuRfbimofe0BiEdAld | S

shown in Figure 4, TBe t onoter is 1lTustrated wth, : bol d

bl ack arrow, I"hWEKH! ﬁmB%rl‘%eneér%‘fg sxPdessad iptBe spaey @réigretienyfrogpeci fi ¢
tge_nes as Iablebad.qu?malermdnm r@&nwgeté@@%_ bfegf{rog@heivmft@pwgﬁkormnas 16a9;3y
ri- parepta ' | as scribe ove, for xanp| e :

Tr ansconj E%an{rgﬂgérﬂﬁ&nﬁ?ﬁ%er?%egc Iaggrﬁrﬁla@@ﬁ&ﬁg?Vﬁ%ﬁ'sﬁlqwgﬁ%%k@ol or 30
fol | owi ng gr owchilcbre=giily b@® pagsibleiusmgkstandsa cloning tediniteskdowtd hane as

t he sol e car bgbs%%,% ipl-gﬁé rganal ysis of extracts from Methyl onbnas 16A

t

containing pCt3 reveale e presence of zeaxanthin and its nono- and
di gl ucosi des. These results are shoeXAMBtiyite 4. The Ieft panel shows 35

the HPLC profi | ExgeserhiciZeaxhhiim VeMayh20mBass 16A Gfovitky by MsRRge, 16A
cont ai ni ngsthe pcrt3. The ri ”{ a q] . Pe Spectra of tne

i ndi vi dual peaks di spl ayed i*ALEE LYRIRIZECIRVIES BN pnstrate t he

synt h;asi s of ze;’ixaAhhlygiAfsamfcbéﬁeSamdataaiwoWing%ﬂgmﬁEﬂ%tbﬁohﬂ}%@%'@@nas (711

WO 02/ 18617 P [.ni_n crt3. se resu geste

that the crt E%l'ﬁégéﬁéss ué%?%%ﬁaé2\%%“@13?3“5%9%%%058% ?Wﬂﬁ?ﬁ%htﬁ r onot er

whil e the crt o beraewdshe temmost highty expreheed gpoes.tEnus; oestraay ase thiem t he

PBHRL cal pr omh/etedilenddal iyhna e AfipS pRlifofkith Widod fighfig,drt woul d
tX Tromthis and Subse plgsm S

expect th del etion of_cr sequent shoul d

enabl e t he’ pr BYRIEEEION helerplognusi genas incdiding gharstindhe &1 stekaiberd- and
di - gl ucosi desgefaictustsmin Metiy/iphanas d6AL AN S8 of it SLDRX| R4uepees are

expect od to apPEuTaT BB R HMS B et sHa raee P LT bR enhance
t he synt hesi ssitds indzothridMArstrafkds sising the NNPP/ neural network prokaryotic
promoter prediction program from Baylor College of Medicine
25  Predictions concerning the forward strand of the H6P synthase are shown
below in Table 11; similar results are shown below in Table 12 for the
reverse strand.

Table 11

30 Promoter Predictions for H6P synthase-Forward Strand
Start | End | Score | Promoter Sequence*
63 108 0.93 GAGAATTGGCTGAAAAACCAAATAAATAACAAAATTTAG

‘ CGAGTAAATGG (SEQ ID NO:50)
119 164 0.91 TTCAATTGACAGGGGGGCTCGTTCTGATTTAGAGTTGCT
GCCAGCTTTTT (SEQ ID NO:51)
211 256 0.85 GGGTTGTCCAGATGTTGGTGAGCGGTCCTTATAACTATA
ACTGTAACAAT (SEQ ID NO:52)
» The transcription start sites are indicated in bold text.
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woul d readily be possi bl e using standard cl oni ng techni ques know to those
skilled in the art. EXAMPLE 11 Expression of Zeaxanthin in Mthyl ononas 16A
G owi ng owOMeiseane, 15 Wth an Optim zed HVWPS Pronot er Apalysoi27eio gene
array data follow ng growth of Methylonbnas 16a on methane suggested the
hexoul ose- monophosphat e synthase (HWS) to be one of the ten nost highly
expressed genes. Thus, one may use the Phfeseguences conprising the HWPS
pronoter to direct hi gl"blevetl 0 expression of heter %Io ous_genes,

i ncl udi ng t hose_in_t he IHOMQ qictions; for ynthasesReveise) s 16A.
Anal ysi s of {Btaidh' - Bhd geSpumeceBromptsr Sequéneyn t he HVPS gene id_entifihed
potential tra rp. n i I aft SILTes 1n both DNA STrands_using tjhe
NNPP/ neur al gggwor%é%rclég?%/otiﬁ%@@#ﬁ?@?cﬁlﬁw%FQr@gP&WW ®aly| or
Col I ege of Medicine 25 Predi ct| DIMFAGOMARA NSEQIH Me:580r ward strand of tihe HEP
synt hase are wn el gy 68 T Q&@Cf | I ow in
Tabl e ‘12 for t%?g r%%ers?'%?r ?1%8 a %CSWT%W@%E@@W&%%%M H6P
synt hase-Forward _Strand | Start| BIGTSA0FE BREDNO:58equence* 63 108 0.93
GAGAAT TGGCT GANANGRMAT Abo SR ERA Tl O @ﬁ (SEQ.1 D NGO 50) 119 164
0. 91 TTCAATTGACAGGGGEGECTCGITCT GA\TT'I@AGAF(;F'I:11 ] %TTTT (SEQ I D NG 51)
211 256 0.-85 GGGTTGTCCAGATGITGGTGAGCGGTCCTTATAACTATA  ACTGTAACAAT (SEQ I D

812552;%; TE’ET ;ranscBbggdmﬁ _Igh%i@étsigilémfesagﬁe fondivag f Sfimirs \P@P@ﬁ%gtna 72 VWO
18617 Jabl e.. er Pre IO or

synt hase- Reveagg%g%%%gha'gtrgﬁf’t@hgg@ggf%a'ﬁpg ggb §Qg§@ﬁ§@qu§§ﬁe"239 0. 89
TTAATGGT CTTGOSATIGASIAG CTSEINESATTOBDIACGAGN MERYAGTAHISN §DEENbMINONA3) 129 84
0. 95 CCCCCTGICAATTGAAAGCCCGCCATTTACTCGCTAAAT  TTTGITATTTA (SEQ |1 D NO 54)
The transcription start sites are indicated in bold text. 5 Based on these
sequencesl0 t he' €6QAfT A§ TERANSES GeTd TUIELAGGEAGAHY (HEQBRENENZPN reacti on
(PCR) to anpl 51 @GBECHAGTTEDRCEBNENSTTACAG 3' (SEQ ID NO:40)

The PCR conditions were: 94°C for 2 min, followed by 35 cycles of
94°C for 1 min, 50°C for 1 min and 72°C for 2 min, and final extension at
15 .72°C for 5 min. After purification, the 240 bp PCR product was ligated to
pCR2.1 (Invitrogen, Carlsbad, CA) and transformed into E. coli DH5a. by
electroporation. Analysis of the plasmid DNA from transformants that
demonstrated white colony color on LB agar containing kanamycin (50
ng/mly and X-gal identified the expectéd plasmid, which was designated
20  pHMPS. PHMPS was digested with EcoR/ and the 256 bp DNA fragment
containing the HMPS promoter was purified following gel electrophoresis
in 1.5% agarose (TEA). This DNA fragment was ligated to pCrt3
previously digested with EcoR/ and dephosphorylated with calf intestinal
alkaline phosphatase. The ligated DNA was used to transform E. coli
25  DHb5a. by electroporation. Analysis of plasmid DNA from transformants that
demonstrated yellow colony color on LB agar containing kanamycin (50
ug/ml) identified the expected plasmid, designated pCrt4, containing the
crtEXYIB genes under the transcriptional control of the frc promoter
and the crtZ gene under the transcriptional control of the hmps promoter
30 (Figure 5).
Plasmid pCrt4 was transferred into Methylomonas 16a by tri-
parental conjugal mating. Transconjugants containing this plasmid
demonstrated yellow colony color following growth on BTZ-3 agar with
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conprising the HWS pronoter from Met hyl onbnas 16a genom ¢ DNA: 10 5'
CCGAGTACTGAAGCGGGTTTTTGCAGGGAG 3' (SEQ I D NGO 39) 5

GGCCTAGCWRTILZGGAT TGTTACAG 3' (SEQ I D NG 40) The PCR condi pCDUSOMEH®. 94C
for 2 mn, followed by 35 cycles of 94C for | mn, 50C for I mn and 72C
for 2 nmin, arfremmin €&5Q padnlonand metiBarkeds the selerdanbomsoeicepiALIa cat i on,
the 240 bp P A | n{b%' J r CA) and
t ransf or ned %@%Q%%W’%W@P@c ropoﬁa%%%ﬁ#“éﬁgﬁgﬁﬁéaﬁgﬁgh%l asm d
DNA from t r arfi¥eeenempszeh@nthigefns 46 merat aid dicldersides, doewbyon LB agar

m_nt ﬁi ni ngdkmmm i%émesﬁgmox E)E@ddzg@aqbd!ﬂﬁ@abgé i@f%thbwn mﬁgeﬁegﬂt El as 21'6db

i ch was .de te - , s .di ed. w ~an e p
DNA fr agnént Spl’%g%t‘%ﬁ %%SRF{W%%WI\@?’O%{@P’ %gbﬁﬂlpi qng?jF‘%glm'&M ng gel

el ect r ophor egiasrespand .6 Zecayanthire o Mbd)ire dlueaxBhihif naagegiucosides iagdt ed t o
pCrt3 previ O}Ié%lx i | d dephosphoryl ated wth calf
intestinal a ka?Pﬁg’ggﬁggﬁéﬂ%Qg&%@geﬂy ated DNA was used to transformE.
coli 25 DH5a by el ectroporation. An&%ﬁdyl_al_-ﬁ.fﬁ)l asmid DNA from transformants
that denonst r aEggrgseldnoyy CantbaXastBirPan® AstdXandah it MERYBhIMsamayci n (50
g/ m) |d¢=it|f|edthe expected p m esi gnated p , containing the
crt EXYI B genes under the transcr@@%ﬁl&@&%ﬁé&? of the trc pronoter and
the crtZ gene undéfe ehablerthasynthasisoofdantiemtarthinaind dstakampirpmonot er 30

Fi 5). ! t i 16a by tri-
bar ontal _son; BEMdmBiES fod el ARTIIERS bl N LLRIBYeEr o
denonst r at ed SFEPABW R6RENGNe etrlase (Examplg T elooad Bitz-ridgdhewit® 73 WO
02/ 18617 PCT/g‘é‘ﬁ@enggé%lifiEéW@Rﬁrérﬁ%ﬁ%ﬁ@ﬁi?@%ﬁg%@@#ﬁ@ae sol e carbon

source. HPLC_ anal ysis of extracts fr Vet ono 1 ining pCrt4
reveal ed 1Phe fo@‘?")é‘?ér&%“%rﬁ tEé’é"i%‘i‘ﬂ?ﬁ anmnttgoqirﬁﬁé-Nla&Ideavwgm@5@15 des,
tF her eby5 cgnfsisrwielmgseu@ribes@m_a mfﬁdihgesn@rf?zq@a gt-reé'ﬂﬂicﬁ f‘g@}; \ghioﬁ \ﬁéﬂ@\gnliln%

i gure 5. r 0L LON R} 0 : m n, : mn an :
mn cor respc?ﬁ%%g‘?&g%ﬁéﬁlg%a '@A){ﬁt&flémém&ss' &axant hi n nono- gl ucosi des and
zeaxant hi n di gl ucosi de, respectively, EXAMPLE 12 Expression of

Cant haxant hi I gﬁe Aé@xfﬁéégéﬂ?% &g%@%&%Aﬂgﬁﬁ%ﬁ(sg@th@?ﬂon Met hane To

enabl e the synthési s of ~can n an yl ononas 16a,
t he RhoddfocGuSAETASHRASHAGET GINIBAAQAAGR NEEQRNEH2hg 3- car ot ene ket ol ase
(Exanmple 7) was cloned into pcrt4. The crtO gene was anplified by PCR from

pPRCQLL7 ( Exanﬁleepa? ggﬁcﬂ@oﬁsh\?vere: 95°C for 5 min, 35 cycles of 95°C for 30 sec,
45-60°C gradient with 0.15°C decrease/cycle for 30 sec and 72°C for
90 sec, and a final extension at 72°C for 7 min. The 1653 bp PCR product

25 was pufified following gel electrophoresis in 1.0% agarose (TAE), digested
simultaneously with Spel and Nhel restriction endonucleases and then
ligated to pCrt4 previously digested with Nhe/ and dephosphorylated with
calf intestinal alkaline phosphatase. The ligated DNA was used to
transform E. coli DH5a by electroporation.

30 Analysis of plasmid DNA from transformants that demonstrated
yellow colony color on LB agar containing kanamycin (50 ug/ml) identified
the expected plasmid, desighated pCrt4.1, in which the crfEXYIB genes
were cloned under the transcriptional control of the frc promoter and the
crtO and crtZ genes were cloned under the transcriptional control of the

35  hmps promoter This plasmid construct is shown in Figure 6. Upon

prolonged incubation, transformants containing pcrt4.1 demonstrated a
salmon pink colony color.
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15 followng prinmers to introduce convenient Spel and Nnhel restriction
sites as well as the ribosone binding site found upstream of crtE which
was presvoebissiT ecogni zed i n Met hyl onbnas 16a. PCT/US01/27420

5' - AGCAGCTAGCGGAGGAATAAACCATGAGCGCATTTCTC- 3" (SEQ I D NO 41 20

5' - GACTAGT CACGACCT BlaraaAtiad-13vag BEsfeDeNOn2)efhydorRPGRas 08diblyitdns wer e:

95C for 5 mn f | th 0.15C
decrease/ cycl g )f:gh V&irgﬁ%é’l %ﬁ%f?n?%@@iants%én%%grt Ip%e%(r?gnm on at 72C
for 7 nin. Theéerensipiedberangexnieny colsr inlowiig gravel anoBT S agprgwith

el ect r ophor eSkanamyémocﬁﬂwﬁﬁﬁ/%nﬁTn‘}Eﬁﬂan@'e&etﬁb%le shibdnisigeus! y wi th Spel

d Nhel d | ted tog pOri4 |

i gest od v+ nHEERST SRS of Qetu'inonas ada contargelnsis. Daval ne

plhosphat ase. §hewhi;g£hydelﬂxlAThm madtstreveale@ttﬁ pravehce ofkhe DHSahby
ectroporati r { ha

deronst  at ed egd?ﬁgn&r?h”e?ﬁeﬁ{ogﬁkﬁﬁg‘@ Rl OB (e Sioidt 50

ug/ m) identiflRed? mip ascyel essapthaxanthin desention tinde ot 84761, mln) Whiech t he

crt EXYI B geneﬁeteﬁﬁé@tuﬁié)@ﬁﬂe%%ﬁf b*}ﬁ méﬁt‘é%rgb(?%@%é tﬁé’:’%@t e fdehe tre

pr onot er d the crt nes wer e scri ptional
control o?&t h@s@%aﬁhﬂg g‘ﬂ%ﬁ%‘?é}f aghauldgraminig peals epnfimadstheryepenee Fi gur e
6. Upon prol ofhgsidxanthidat i on, transf ormants containing pcrt4.1
denonstrated a n ol or . 02/,18617 P /U 01/ 27420
Plasnid pCrt4. 1 m;rﬁg']%{gg% %H??%?%'%‘BWFM@QXBG@ ®nt al

conj ugal nat i AGAINTRUgYSSRY Ugastriptiooat iatarfargnedpbthal aﬁx WB dparmmsny at ed

or ange ool ony ngpl el &kkast B8 LA Ren HsAfle bl (hARIKFidheA =0

fmL) and, et §racts of
%/Et hi/l onohas [l]rB g@'@iﬂf’a‘”ﬁ W%h?%‘leciﬂéﬁtéhe §ﬁbmm¢¢eFog&h%p6HH‘hég@or esults

reveal ed the prgsssdrecing éﬁpre@@n@ﬁgﬁ@ﬂ‘@z nvfeédmleﬁrmﬂaﬂnelﬁ/%p%%&%

(retentton 1 REHESTh bish fhe B HEZ0 BeBks Bim SXpreadan i e Soa. ¢ ype
pi gment is vepiientatior ftwn thatorenpecprechdters rhfly astexpantdd o alvitgsi s of a
shoul der on tgbt%nﬂﬁ%aﬁg&[ tl%ﬁﬁpllngé}fergﬁgﬁéﬁﬁ?her%%x%?ﬁ%?ﬁtt@é Qgr}cﬁ%iﬁ of

predom nant f pi grime
suggestedZQraﬁ@'&mﬁﬁﬁﬂmm@rﬁsﬁwf@ﬁce of the crtEXYI B operon by
hi gh-1evel expression of the crtQZ qpesmplir ¢sn the strong hnps pronoter. 15

o RS SRl e b S g b ot T R
Plasmids in which the ¢mificBIch 0 Uepenisopeiiie Peeivan Gdirssane
Native isoprene pathway genes dxs and dxr were amplified from
25  the Methylomonas 16a genome by using PCR with the following primers.
| Dxs primers:
Forward reaction: aaggatccgcgtattcgtactc (contains a Bam Hi site,
SEQ ID NO:55).
Reverse reaction: ctggatccgatctagaaataggetcgagttgtegticagg
30 (contains a Bam H! and a Xho | site, SEQ ID NO:56).
Dxr primers:
Forward reaction: aaggatcctactcgagctgacétcagtgct (contains a Bam
HI and a Xho | site, SEQ ID NO:57).
Reverse reaction: gctctagatgcaaccagaatcg (contains a Xba | site,
35 SEQ ID NO:58).
The expected PCR products of dxs and dxr genes inciuded
sequences of 323 bp and 420 bp, respectively, upstream of the start
codon of each gene in order to ensure that the natural promoters of the
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orientation fromone or nore pronoters may be expected to alleviate
potential transcriptional interference and thereby enhance the synthesis of
20 cant haxan?/dem? and ast axant hi n. EXAMPLE 13 Enhanced SynPO®®s&1/27820t he

Nat i ve Carotenoid of Methyl ononas 16A by Anplification of Upper |soprenoid
Pat hway Genes gRaet weregugseite ThatiR progmaes(in Perkkind ober vidomvadipC T i ed from

25 the Met hyl ) : S} ] ] rhmers.

Dxs p(rai mars?/ wogrg:V\r?/(;lsrsf ?9’328%%61%985% 81’313?%}32% c&o%ﬁt‘f‘\na@%sstégl)’Bar n Hi

site, SEQ I D5ﬁ&95€§.seRb\7e?r°§e(6pe§&§?;ifml elongation 72°C (600 sec). The

ct tggat gcégat c[:)t m%ighaﬂmmg@gtal %t@gﬁélgﬁ gorﬁ&irﬁé‘di?g%@hpﬁoﬁsgﬁ%%teﬁﬂﬂxa Xho |
: r prigers;.Fo | :

Zgggétcc?a%tc&lg@@t%a %'ﬁ)’ﬁcﬁt‘&??@@mﬁﬁ% (@pproxn8-Tan®nd-3 Ui te, SEQ

| D NO 57) . Resense prigert(+060 pnyd}, dt 2ghagiseneeqgnadag 10gmeinissa kba | site,

35 SEQ I D mg%@.néz%gfézect ed PCR products of dxs and dxr genes included
p an

sequences of 20 bp, resgectively, upstream of the start codon
of each gene in or §andaydgrgoeduren §Sambeociatyrfitser, didt. sl Maniatis, 75 WO

o 881 T VSR ot ST TSI ). o
cycl es of @4&:"&%0%%@3'( Eress; (Qld Spripgdiarbor Q%Q)),Wﬂéluséﬂdh@adfﬂron, 72C
(S 600 sec%. Theo clbﬁ@dﬂs@hd*ﬂ%/ﬂirlfcﬁp'(m&lla&l).q'ﬁ?KHPé%W)cgﬁ%ﬂ%@aﬂ%s;ggrgl( Hgtl
t r .(QLagen,, Val enci CA) ., .l . 0.
vy, 12 ol blelut ppRAERnalRs® At Helinekiy. actdleah ST Tt 540 o )
21.85 pl dei 618%9H water. Standard procedures (Sanbrook, J., Frltzch, E.
F. d Maniatis, T Malek ua, e

i 11 on. - Co - Spr i o TR, BoncR AR, o LA st SRA Riaa ol kY
(1989)), her e(\rlgBCiEnChY agre Usede | Emynigesioafts deningriverspursigsed from TnsKn,
a | ow copy, bGiissh/BRE!(Ravkama] MD) 2% INE Bl ey, M), "Fétraﬁgferﬁlasﬁﬁgée“ ol ogy.

i S (M Bk R USRS U, e A s
purchased fronuveltdsc(@. BRI, (Rdtregén), end M)-Rad GEBe (Rés@ril HeMiles, DAY r ansf er
@L?f?bgz IC% Rith-st5Mdrd sg?ﬁg%t\ﬁ{are-rﬁ’?éoofo?%rl@ceflto?)%}at?o‘?ll.l s (Invitrogen,
20 7 First, dxs was cloned into the Bam HlI site, which was located
between the lacZ gene and the Tn5Kn cassette of pTJS75::1acZ: Tn5Kn.
The resulting plasmids were isolated from E. coli transformants growing
on LB+ kanamycin (Kn, 50 pg/mL). The plasmid containing the insert in
direction of the Kn-resistance gene (as confirmed by restriction analysis)
25  was chosen for further cloning. The dxr gene was cloned in between dxs
and the Tn5Kn cassette by using the Xho | and Xba | sites. The
anticipated plasmid was isolated from E. coli transformants. The presence
of dxs and dxr in the plasmid was confirmed by restriction analysis and
sequencing. The resulting plasmid, pTJS75::dxs:dxr:lacZ:Tn5Kn is shown
30 inFigure7 ‘
The plasmid pTJS75::dxs:dxr:lacZ:Tn5Kn was transferred from
E. cali into Methylomonas 16a by triparental conjugation. A spontaneous
rifampin (Rif)-resistant isolate of strain Methylomonas 16a was used as
the recipient to speed the isolation of the methanotroph from
35 contaminating E. coli following the mating. Six separately isolated
kanamycin-resistant Methylomonas 16a transconjugants were used for
carotenoid content determination.
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cuvettes (0.2 cm Invitrogen), and Bio-Rad Gene Pulser II1l (Hercules, CA)
with standard settings were used for electroporation. 20 First, dxs was
cloned i woorissiBarn H site, which was |located between po®US@ICZ4ene and
the Tn5Kn cassette of pTJS75::1acZ: Tn5Kn. The resulting plasnm ds were

i solated from E. cBPr careipreiddeienmingiauishy10oml stwasafyci n (Kn, 50

R 1 651 st ance. g Uagante (1 W2 DN Kn) florc rchi} Lo thettBlte 28%) en 1 or
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rdi ner, er,m ne
dry-wei ght of' e(gog%'zﬁﬁ? p%&rr\%géﬂ%Bfagﬁ‘e ’fﬂe}%’af‘sa\é@&%"éew[\?act ed. First,
cells were wewlememwareomawedf and@nalyzad dpeetrophetothdtacalll> Mon. After 15
mn, four nL ‘W%‘% thor, eni ze
the sanple. T ealgﬁﬂéjﬂﬁfe%ees dsé%ﬁ:qu the S? H%%Z%F Wéélr?ﬁsgatk% hr, the
cells were ce r r that ant

N 20 ceRid trfaug(émugwrﬁare@ea ] ﬁ@ﬁt%§%§b a/tedowing n@s@u@m
The super nat awtasYﬂﬁcéﬁné@édr@@&@%;ﬁ%@o@ﬁbioﬂﬁ&e%uﬁ@rrﬂ%@%rﬁgﬁfaﬁlrﬁ‘éth 0.3

nm. of water a ace ernatants. fromthe second
extraction vve$te4£ﬁ ght é%tzd?fﬂk :&mﬁrsg@%‘?ﬁagﬂ%mg eleqht éﬁ%tQW%J)‘H) For
extractions wealeulebobiofigtl cadotemoid cohtemgsthembeonetmsuatetd1 amdvas edamz ed

spect rophot onglah6@l lektindbn coefficient of bacterioruberin (188,000) and a MW of

25 552 were used. The MW of the carotenoid (5652 g/mol) was determined by
MALDI-MS of a purified sample (Silica/Mg adsorption followed by Silica
column chromatography, reference: Britton, G., Liaaen-Jensen, S.,
Pfander, H., Carotenoids Vol. 1a; Isolation and analysis, Birkhauser
Verlag, Basel, Boston, Berlin (1995)).

30 A crude acetone extract from Methylomonas 16a cells has a typical
absorption spectrum (inflexion at 460 nm, maxima at 491 nm and
522 nm). HPLC analysis (as described in the General Methods, exéept
solvent program: 0-10 min 15% water/85% methanol, then 100%
methanol) of acetone extracts confirmed that one major carotenoid (net

35 retention volume at about 6 mL) with the above mentioned absorption
spectrum is responsible for the pink coloration of wild-type and
transconjugant Methylomonas 16a cells. Because nothing else in the
extract absorbs at 491 nm, carotenoid content was directly measured in
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gqualitative differences were seen in the spectra between negative control
20 and transconjugant sanples. In acetone extract, a follow ng observation
was typi oed oxesssured by spectrophotoneter (shoul der at 46BCTVESOWEXIOMR  at
491 and 522 nm (Anmersham Pharnaci a Bi otech, Piscataway, NJ). For

cal cul ati on otfhetanstene @K@ﬂ@letfcarspentrg)plncbtenm:bero(rﬁgnenshaat Phanagiawas read,
the nol ar extgmdmm,%gwhglﬁm of bacterioruberin (188,000) and a MW of
25 552 were used. he MJ o the carotenoi d i:,)552 g/ nol) was determ ned by
MALDI - M5 of a puri %H@%rn?% wctien cogHiciayt £ baeieriosrart 01&M9myws5| i ca

col unm chr omatsegy fopliye ca@h@tn@ﬁ@th@quéhm G, Liaaen-Jensen, S., Pfander,
H., Carotegnoids Iatlon and an is, ,Birk ser, ,Verlag, -
Basel , Bo§ton Be?rh%}?l f YA Was, g@'@\éi sBERES L“Prd@&%rmﬁw ononas
16a cel s haghe quanitityaof cabt&qull on spectrum (inflexion at 460 nm naxi ma
at 491 nm and 522 nn). HPLC anal ysis (as described in the General Methods,
except sol vent pr(ﬁg % %0 m n 15% wat er/ 85% net hanol, then 100%

met hanol ) of acet ﬂram/ & x&3nY XYBA t hat one maj or car ot enoi d (net 35
retention volune at about 6 nL) with the above mentioned absorption

S ectrum S responsible for .the coloration of wld-type and
tlroansconj gant I\/e{}f‘u éﬁ%ﬁ%()@@én@@ﬂk(g Because nothing else in the extract
absorbs at 491 nmAgA td&bsaﬂpmmnbmetmﬁ@edtra@mﬂ%mmquy ed in 77 WO

02/ 18617 PCT/ US01/ 2% ract vvlth a spectrophot onet er
f

(Amer sham Phar maci a , The nol ar extinction
coefficient of bad M@'@F@b@?ﬂtlﬁn(mﬁjmﬂ)(L/(MX am@d for the cal cul ation of
the quantity, 5 Thayf-alibRWURS W s used (Lanbert-Beer's law) to
determ ne t he quan |t% of carﬁ%ﬁr?épgn&%a A491nm (d x 6 x v x MW 10 Ca:
Car ot enoild anount h¢ ofgxtrachfigor ption of acetone extract at 491 nm(-)
d: Light path in cuvette (1 cn) s: Ml ar extinction coefficient (L/(nol x

cm) MN Ml ecul ract. (L) To get the
carotenoi d cont en?f-0 getﬁ]%a‘f%a{eélt%%c%@?m éh%?ﬂ@l%%@af%%mf'@%@% vi ded by,
t he corr esportisig hrediwdhdbeng:mrreszibnﬂ&tg eclll@ry Weaityht.e Car ot enoi d contents
in Methylononas 16a cells Cultures dry weight carotenoid (g) carotenoid

cont ent my) (ig/Q) :
28 1gable 13. Native Carotenoid contents in Methylomonas 16a cells

Cultures  |dry weight carotenoid (g)  carotenoid content
(mg) (Mg/9)
16a-1a - 308 3.00194E-06 97.5
16a-22 308 3.0865E-06 100.2
16a Rif-1b 129.2 3.12937E-06 107.2
16a Rif-2P - 30.1 3.02014E-06 100.3
dxp 1¢ 28.2 3.48817E-06 123.7
dxp 2¢ - 23.8 3.17224E-06 133.3
dxp 3¢ 31.6 4.01962E-06 127.2
dxp 4¢ 31.8 4.38899E-06 138.0
dxp 5¢ - 284 3.4547E-06 121.6
dxp 6¢ 30.3 4.00817E-06 132.3

a: Methylomonas 16a native strain
b: Rif resistant derivative of Methylomonas 16a without plasmid
c: transconjugants containing pTJS75:.dxs:dxr:lacZ: Tn5Kn plasmid

25 There were no significant differences between four negative
controls. Likewise, there were no significant differences between six
transconjugants. However, approximately 28% increase in average
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16a-1a 30.8 3.00194E-06 97.5 16a-2a 30.8 3.0865E-06 100.2 16a Rif-1 b
29.2 3.12937E-06 107.2 16a Rif-2b 30.1 3.02014E-06 100.3 dxp 1 c 28.2

3. 48817EW@ 04P817 dxp 2c 23.8 3.17224E-06 133.3 dxp 3c BAT/ESE/DID62E- 06
127.2 dxp 4c 31.8 4.38899E-06 138.0 dxp 5c 28.4 3.4547E-06 121.6 dxp 6¢
30. 3 4. 00817Eca®tarzid productivetwigs ohserysd 116 therlransmngugarits irbcorRparis@si st ant
derivative of tMpichw AN el I )G 4:G | ts
cont ai ni ng th S75:; dﬁg@g?ﬁ@g@%\ﬁﬂmgﬂﬁ&wa@ﬁ@@%?gefhéﬁ@l@i@%%ﬁ 'signi ficant
di fferences bEIOKERA four negative controls. Likew se, there were no

si gni ficant I di f f er pneeier ke tvefifn ﬁidstg&dt@i‘é?ng@ﬁ@%f%riuﬁpcq@%Uﬁ27420
t ) ase I n_average .
22%%%2?058p¥g§ﬁrc{%':l)8%rs§/é§o'88gg§ﬁ%gq%n'Aﬂjﬁgcmaﬂ §éﬁ} ﬂé‘é{ ic8 ci::?\o‘corrpari son to
the average cearotenmid wasiddotifiecbwas usedgmta wedermabratiain (Klébiig?e%&, £l gurle 7
d | t t byl [ ormerly
Paeudonmnas fﬁé"}é“@%@%&a@’%ﬁilﬁ’*@f RGBS o Nelirsae Srent 11 e
was used as a’?erEPdAEB2Yt Aupapqnified axigacitof Methylpbactesium thadiem 3d,

181- 185 (19799t Mskigilornpnas d68esteldompareidy MPLC SANE unddafis Efhd 1982)) -
A saponif'oed &xt ’(?t of Meth '8%%“”‘% m r hodi num an% of Met ﬁ_yﬁ%orm_nas 16a
wer e corrpfar ed Wﬁ'ﬁﬁl@%ﬂ%ﬁ@@%? QUE- 'R ISSHES afP §'@)?Wﬁ‘ta§(fﬁ%°"&% ment i oned
above. The reSaposifieddl.shodimuas ifidxiomat 46Sapymixiath %4871@@; gvmnnb.nflem on
at 460 nm maxima at 487 nm 5 t netension vol ume=9. :

Saponi fied Met hyl onobnas 16a: iﬂ?@%e. rqo t_VO ening'ﬁ]aw ma at 488 nm 518
nm 15 Net rePapenited Melleomanas tha: infexivPat4a0InEn nendmd Byi8shes| s of
Genetically Epgg Rgered Carotenoids in Methyl ononas 16A by iArrpI |3; i cation of
Upper |soprenoid Pathway Genes  The previous exanple (Exanple 1
dermnst‘rajged that 20 anpl ificatNQSﬁe@ﬁt'Pﬂé’omeaRngh genes in Met hyl onpnas
16a increased the endogenous 30-capE)gpaEoigenoi d content by about 30%

| nor ea ]
P e beonq EffiEncdd'syAifedt BF&eh8fEAR ndin8d el BlratSitias in **" *°

Methylomonas 16A by Amplification of Upper Isoprenoid Pathway Genes
The previous example (Example 13) demonstrated that
20  amplification of the dxs and dxr genes in Methylomonas 16a increased the
endogenous 30-carbon carotenoid content by about 30%. Amplification of
dxs, dxr and other isoprenoid pathway genes, such as JytB, may be used
to increase the metabolic flux into an engineered carotenoid pathway and
thereby enhance production of 40-carbon carotenoids, such as B-
25  carotene, zeaxanthin, canthaxanthin and astaxanthin. The /y{B gene was
amplified by PCR from Methylomonas 16a using the following primers that
also introduced convenient Xhol/ restriction sites for subcloning:
S-TGGCTCGAGAGTAAAACACTCAAG-3' (SEQ ID NO:59)
5'-TAGCTCGAGTCACGCTTGC-3' (SEQ ID NO:60)

30
The PCR conditions were: 95°C for 5min, 35 cycles of 95°C for 30 sec,
47-62°C gradient with 0.25°C decrease/cycle for 30 sec and 72°C for 1
min, and a final extension at 72°C for 7min.

Following purification, the 993 bp PCR product was digested with

35  Xhol and ligated to pTJS75::dxs:dxr:lacZ: Tn5Kn, previously digested with
Xhol and dephosphorylated with calf intestinal alkaline phosphatase. The
ligated DNA was used to transform E. coli DH10B by electroporation.
Analysis of the plasmid DNA from transformants selected on LB agar
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to increase the nmetabolic flux into an engi neered carotenoid pat hway and
t hereby enhance production of 40-carbon carotenoids, such as f3 25

car ot ene,waeaxssnt hi n, cant haxant hi n and astaxant hin. The P@T/BS@eTe20Was
anplified by PCR from Met hyl onbnas 16a using the follow ng priners that
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Hindl |1 and Bévarkfdbny Estoli DH10B tanelevtioperasion andeesdibmnintended by
el ect r ophor esteELr0nd LAt SRR A fod Polel iR f it was
|igated to crplsnEddMAErorng frangfasmiastswhichi deraonsteatedimdrerintehee yetldwgene by

i gest on i  BoBel XbiomMdR hSBMEPARToRY TR biakid JEch o]y ase

d deph h I d 10 wth | f ne i
ot o IR, L2 oMb bl o XS oy v e o
; r alnsf or ma][]t s wer e HRIa® entiydisast dxﬂa@@afrromcmtﬁnmmaihﬁ@?wm tcbﬁfti»n?j% m).
of t ] : I strated nore
tence yel 1 o SRS rgAbI. i ANE PO RadBid S RRAbPReS &
pl asmi d, desi dRatydriyErpaial gonjugebmating wiljebbarce prodecti@xel B-canatene
dxs- |yt B-dxr @8RS (&trgHgﬁ)n?%%am@kﬁp%g@bgﬁg 3of extracts fromE. coli

containing pcrt3.2 confirne e sy O-carotene. Transfer of this
plasnid i #0 Methyl ononas 16a by t rEXAMEAE 2D conjugal mating will enhance

production of R-car dhdostriatProzrictign of fLCamseinuberHforheRsaeaNg pert3. 20
EXAMPLE 15 | n@; o lensPi vo e%ts{JPer}né)r];tsp- Carotene 1n Methylonpbnas 16a Opti cal
Density Measu
Growth of the Methylomonas culture was monitored at 600 nm
using a Shimadzu 160U UV/Vis dual beam, recording spectrophotometer.
25 Water was used as the blank in the reference cell. Culture samples were
appropriately diluted with de-ionized water to maintain the absorbance
values less than 1.0: '
Dry Cell Weight Determination
20 mL of Methylomonas cell culture was filtered through a pre-
30 weighed 0.2 um filter (Type GTTP, Millipore, Bedford, MA) by vacuum
filtration. Following filtration of biomass samples, filters were washed with
10 mL of de-ionized water and filtered under vacuum to dryness. Filters
were then placed in a drying oven at 95°C for 24 to 48 hr. After 24 hr,
filters were cooled to room temperature and re-weighed. After recording
35 the filter weight, the filters were returned to the drying oven and the
process repeated at various time intervals until no further change in
weight loss was recorded. Media contribution to the dry cell weight (DCW)
measurement was obtained by filtering 20 mL of fermentation media prior

O
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G owh of the Methyl ononas culture was nonitored at 600 nm using a

Shi madzu 160U UVNi s dual beam recordi ng spectrophotoneter. 25 Water was
used as Weobisank in the reference cell. Culture sanpl es mer@saumpri at el y
diluted with de-ionized water to maintain the absorbance values |ess than
1.0. Dry Cel | tansioghtatioaty ierahaverprocedureo fDnymetiyveigbhiscabailated diytthee was
filtered throggipvangf&mut®:. Wweighed 0.2 mfilter (Type GITP, MIlipore,

Bedf ord, MA) by va ion. Following filtration of biomass
sanples, filters \/\/@m&itﬁbﬁ"—w th 10 nL of de-ionized water and filtered
under vacuum {(weightyhs+ céfis) £ @eRiht oK) t Rdlard bAREC: mdid -di¥ibmer Meen at 95C
for 24 to 48 hr. After 24 hr, fi”zﬁrf V\Fl’e eoo ed to roomtenperature and
re-wei ghed® After recording 35 thef M-CERSRUAYPR . the filters were returned
to the drying oven and the process repeated at various tinme intervals

the dry cel | nomBHRAGGaLeh BN ERINR® o Loy T tering 20 ML of
fernmentation nedi adpnlsuitges WQIEﬁJfBBanF@TI? @selyses axue taken fiomuthat i on by

]E he albove pr o ehenter éhid/cémlnrugw ahﬂ% 080 bﬁuuacirar by ntuhe THeo! | Om ngf

ormul a: er

filter)) 2 Mﬂk‘%@ﬂ VY%? ?@P fﬁt%‘gp};{?ug Pvée&gﬂﬁ‘ SM?'“Q‘?? &y ¢ )Cj(elmg 20 mL

cul ture vol untammm Arbton®®randpliaced Bé+20PC natil a»mvaliize& Amrhoriia sanpl es for
aont . anal s RS (R Ao GRSk eSaHgBRIb facd 1000
syringe fil teﬁhi(omﬂtﬁﬂf’ﬁphyalﬁmg Arlionek Systam HO0Aridn § racretegrapl (Diamenq |

anal yzed. Amggindy yuAgreny! aardgea with 5*@3&@@@@%@% PAMEAdbgs det er i ned

by ion chro gra Di onex System rorrat ogr aph ( Di onex,
Sunnyval el? rr?\ &ﬁi @H eWdt 40 legrashemieak Delerior orssing s Aut osanpl er,
ggg ED40 El er@@dllitﬂMtyWéod&mtﬁWSRBQﬂﬁtiéﬁ’ﬂ@f'100 rﬁmneébtalryﬁd;voﬂvde W th an
current o sing a

D onex CS12A %Bﬁﬁ?ﬂﬂ%ﬁ%%‘ﬁc a%fl d Lﬁ'%glﬂ) U@Bﬂfﬁ{%ﬁ* #’Pu@ col ums
and the chem anajfe@@dﬂﬁo@uamed:dﬂumr eThmcmiUmns@chtheS&(émlbakrwtebm@w eI ut i on
condi tions ety GRS AkAftaR Rl 2902 21sBMaR Wil RSOl ggﬁ,

er rrent 1I‘on brot h

flowate of | presence of ammonia In

was veri f#@d H?‘”Qe?tze'ﬁlm bhs% #ptheompehie ebasevat A flowraiasdd 1 silamingt d Thehe
concentrat i onprﬁseaaamemmomatmhé fErARIHE AN PDrdth Qlds vitFicd ajyaretantrmh by

conpari son of tlr%reeé:%)rﬁgéjr?son with an NH4Cl standard. The concentration of ammonia
in the fermentation broth was determined by comparison of area counts
with a previously determined NH4Cl standard calibration curve. When
25  necessary, samples were diluted with de-ionized water so as to be within
the bounds of the calibration curve.
Carbon Dioxide:Evolution Rate (CER) Determination
The carbon dioxide concentration in the exit gas stream from the
fermenter was determined by gas chromatography (GC) using a Hewlett
30 Packard 5890 Gas Chromatograph (Hewlett Packard, Avondale, PA)
equipped with-a TCD detector and HP19091P-Q04, 32 m x 32 um x 20
pum divinylbenzene/styrene porous polymer capillary column. Gas
samples were withdrawn from the outlet gas stream through a sample port
consisting of a polypropylene “T" to which the side arm was covered with a
35  butyl rubber stopper. 200 pL samples were collected by piercing the
rubber stopper with a Hamilton (Reno, NV) gas-tight GC syringe.
Samples were collected after purging the batrrel of the syringe a minimum
of 4 times with the outlet gas. Immediately following sample collection, the
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with a previously determ ned NHACI standard calibration curve. Wen 25
necessary, sanples were diluted with de-ionized water so as to be within

t he boundwoot/186ie cal i brati on curve. Carbon Di oxi de Evol upCDUSRzt7¢20( CER)
Det erm nati on The car{?%p dj oxi de cgj_ncentration in the exit gas stream from
the fernentel© Hete HTRgE WIS galsstas ontibrk apdynieaied Hegugh a Hewl et t

30 Packard 588plitess ifjaictionipogt @b thélewlupid. EardRadgradtaedahsitioRélisegui pped
with a TCD deiec¢ ré%nd HP 5091 P—%ﬁb *32'rinx 328mx 200 m ‘

di vi nyl benzen&'s @? CTYPBURT WsTS AR foloyy: nigFipr dempaiatugs (TQARY es were
wi t hdrawn f r ofvehel eyupertugpaS5st); @etettor Jegipetaisieapl 40 @) CandenGast i ng of a
pol ypropyl ene 3 di i: ' | butyl rubber
st opper. 2%0 I(_H%lélunr%ﬁes \}\(g? ePrr%ﬁ(;?I?Ilesgﬁ\eegﬁ%yw%%gﬁﬁ%{%%%h%\ﬂetsgﬂ%o@% %St'%%per W th
a Hanilton (RAAB,PreggNesmat €0grn therexiy gpa greantuap vesTios by retention tiews af t er
purgi ng the babfrplariebn Wit & puté'66mpoRERI t HRSco thet
gas. | mmedi at @I?]l‘ath OW. % )sbg | e gol Igﬂc?i@?r?,t&idhﬂdm mdéﬂzc;e?géggn oF

PCT/ US01/ 27426 V201 RSN I35, F%mi"‘f?&ed%@mjd@%‘H“P%”SL‘UDOfLar&ﬁ(PqL#ﬁ‘JT%ct ed
thrgugh a spWithIaap&aviimjsdycdétmmlhwdC@Qtsiathdi‘adctfdflibrmion(&'lrr@étaswmbi c
condi ti ong, us I | O r . lnj.ec .

Tenper at u?% (ancwde%ggﬁ%gﬁp@%%}%ﬁgfuﬁt E&%an%:c’gﬁh% ( 140
C); Carrier G eonaastiation;rasgeof O %r(olv) te 10¥sEi)averel ysedGolgemerdtead
Pressure (15 gy Bibratldifchnesence of C2 in the exit gas stream was
verified by retentLon tine conparison with a pure conponent CO2 standard.
The concentration éfe cadpon giox @wlutl@héatgw@amlwgt%@mhaé@llcw'ng
conpari son of fargga:counts wth a' previously determ ned CO2 standard
calibrati curve. Standard 10 gas cylinders (Robert's Oxygen, Kennett

Squar e, P%] containing CO2 in the concentration range of 0.1% (v/v) to 10%
(v/iv) were us€fR b=]gnnme| tfit'é=dE)]Ei’ePte§shb§ aD@mc@wemratiﬂihéliﬁl@t t}@@fldiNﬁa[tgb]de I
evolution rate was cal cul ate Q QW A5 CER [=] mmo
hr-1 = Exit Pressure * CO2 conc%nt@ﬁgpﬁl(;%%%ﬁ%%&egé@hg}éﬁgﬁ%ea KM Absol ut e

tenperature of the exit gas streamlIn the above equation the exit pressure

from the fernﬁﬂﬂ@aﬂ@ﬁei%%ﬂ&ﬁhe@dﬂ&g?ﬁn@? the 1driferRS AR UELIRERT essur e.

The inl et asflovvratg S caIcHIate fromthe sum of the 1ndlvidual
met hane afd al%PF FOHRLIOSES aimosbherie pressyre.gdbe dteamflowrate v cn8 at m
nmol -1 K-1. Thealablatdédifrem thengien aff theeinaiividing reething amdsdir Bamtares R a cul at ed

Y et or o EidebPEAY bBnsthh{L 82,06 Sha bt ol P AP absbitnd ® 20! Ut e
temperature of the exit gas stream was calculated by the following
formula: T(K) = t(°C) +273.15, where T is the absolute temperature in K,

25 and tis the exit gas temperature in °C and was assumed to be equal to
the ambient temperature. |
B-Carotene Extraction and Determination by High Performance Liquid
Chromatography (HPLC) ~
15-30 mL of the Methylomonas culture was centrifuged at 10,000xg
30 and 4°C for 10 min. The supernatant was decanted and the cell pellet
frozen at —20°C. The frozen cell pellet was thawed at room temperature
to which 2.5 mL of acetone was added. The sample was vortexed for
1 min and allowed to stand at room temperature for an additional 30 min
before being centrifuged at 10,000xg and 4°C for 10 min. The acetone
35 layer was decanted and saved. The pellet was then re-extracted with an
additional 2.5 mL of acetone, centrifuged, and the two acetone pools
combined. Visual observation of the cell pellet revealed that all the p-

carotene had been removed from the cells following the second
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25 and t is the exit gas tenperature in C and was assuned to be equal to
the anbi ent tenperature. t3-Carotene Extraction and Determ nation by Hi gh
Per f or ranvee@ ot/asgui d  Chr omat ogr aphy (HPLC) 15-30 nL of t heP&/pUkR§l/2yamnas
culture was centrifuged at 10,000xg 30 and 4C for 10 min. The supernat ant
was decant ed gxtractien.céhe geetanst podivesetheatconzedrateddofr miamdeeld pel | et

vas thawed at straam sENpaRied hrohgh MU.A5 \n Andl Rl AERRR%GAP a0ded. The

sanpl e was vortexe 1 mn and ?I,I owe room-tenperature for

f
an additional 30 e%ﬁﬁ FraPlss; GRptiBng: hramtenawerd anazed 45MasT for 10
mn. The acgt Beekmab System @aml chgrx&@m k?ﬁaﬁ @ntam&d,- Fmt@td@@:cd@tedqmﬁp%ﬁteﬂ -
- ext t . i.onal 2. acet .0 entrifu ,an e
noetone pot s WcaBibcRlTob &%y Byl stranTionel fa® e e Srteckieal o
that all the RNAdaPdRIANS autgsamplerr éhﬂ@v;ddofc@mwhatmbad:@oﬁelelxmbtslg t he )
d 82 WO Am ti en. T was then
ig(r:]ggnt rat ed E%I rc%ﬁﬁ%@tgﬁ%ﬁté’?%#ﬁ_ r?éeﬁr%co 395}4:,?9&3 \égteste ﬁ?pgta§%er$|9g.e45 pm

s
filter, and aRaluyneHeyletifreckard AvendalephesPedka were intearatashugingne wer e
anal yzed usi nBeakmBaobGaRinschinidre MR AtdiPlRe (BREGITIaPeg %Fis%ﬂf ullerton, CA)

[ d L.t N, del, 125 t ernar u system nodel 168 di ode array
Sg? ;(F:)][O gr,1(2nycﬁgwgpegggaglfe&lgy@gﬁﬁIﬁ?—’ce%@g)q_e re CORRMEN SENdgeds Bhibeext r act s
wer \?vl i nj ect egmweten@twangecfnomml%@e Am. Chhe eetenﬁ(?ﬁgmbm §hddtralcol urcranoI |

Hewl ett Pac . ; I usi n eckman
g_oftware. Ret g%?“%ssgfﬁ%:}g'gﬁr é%ee(':rrﬁ%l g%e\gﬁéiﬁgéﬁgfgergﬁﬁ%%g@%ﬁéﬁoi dentity
wi th R-car ot eHsgurtdaipeddoersine susmdampenent fHesrotene standgrds. Mavegd- f r om 220
to 800 nm TheaidkéfkbRBetidiRrd A (RO 8EL AL oxitaBls W dlardi@atly carotene in
the acetone extracts were an exact match to those obftained fromthe pure
conponent 13- EAMBRERRN &F AFRmENts With 2 previeysly daterairdbealitistiamsuive t he

T oV ously depern ek oLk b ot Lo et B B e evel engt h
D e oSty Oeh el b g el ATt Asefiiase oot e Asu ¥ ©™
13- car ot ene i quactittioe, was used for quantitation. A nobile consisting of
Recaroteno. The. senanapltsEonsisind 8t hithol slaW LW RERREA P BYBIPL, 11 near
gradi ent 4 6bbesREaRAGICR M Pacplanee r The Bepryatign Iof Recaroignevweas 11. 5 ni nut es
to 100% met hage¢omplishid tidiRg aqme‘éF@Pétﬂéﬁtp&iGD%mhéh&“@oeﬁ'@%W%r
resolutlon of s GinG Theafy our 5 mirites & T00H methansl, nder fre =
chromatographic conditions employed, resolution of a-carotene from p-
carotene could not be attained. .
25 -carotene calibration curves were prepared from stock solutions
by dissolving 25 mg of B-carotene (96% purity, Spectrum Chemical Inc.,
New Brunswick, NJ) in 100 mL of acetone. Appropriate dilutions of this
stock solution were made to span the p-carotene concentrations
encountered in the acetone extracts. Calibration curves constructed in
30 this manner were linear over the concentration range examined.
Fermentation of Methylomonas 16a
Fermentation was performed as a fed-batch fermentation under
nitrogen limitation using a 3 liter, vertical, stirred tank fermenter (B. Braun
Biotech Inc., Allentown, PA) with a working volume of 2 liters. The
35 fermenter was equipped with 2 six-bladed Rushton turbines and stainless
steel headplate with fittings for pH, temperature, and dissolved oxygen
probes, inlets for pH regulating agents, sampling tube for withdrawing
liquid samples, and condenser. The exit gas line from the fermenter

83



25 13-carotene calibration curves were prepared from stock solutions by
di ssolving 25 ng of R-carotene (96% purity, Spectrum Chem cal Inc., New
Brunswi chkyob)sein 100 nmL of acetone. Appropriate dil uti onBCDUSeM7820 st ock
solution were nade to span the 13-carotene concentrations encountered in
t he acetone expntained acgprmiatnoshfoc sampiing tns exibgaedtream 80 GQasalysisner
were linear o 1 : ! J

bt hyl orpnas fg%{;”éé*é?%%ﬁ?%ﬁmn‘?b Scefigfge aLhe el el Pkl o
under nitrog P?Fﬁ‘f%?%fqgw § temperatpre yaintaingd cogstant &g 33wk :

fermenter (B. tHoagh thBiu@éQﬂIanle!)@ennaﬁhé%@ﬁ@ngé’ﬁ)Ag\itétfbrﬂnlé@rn‘fém&iﬁ’éd une of
2 liters. él'he i i aded Rushton turbines

. f t i d - bl
and st ai nless ”%)’Q}ee%r”rgﬁg%ﬁ&o\éﬁéf’ Eﬁ u!nqﬁ%tql%imﬁég‘ef @?r‘n)ép'?atlpgﬁ%%q, qaiptainedhq
di ssol ved oxygenstapt ah€$5 thrugisthiearsepdd 2.6 INeOH gnddeht Id,S83npl i ng t ube

f i t hd i | I | it L f th
fermentor 83 v oo indn® WA (e F0MheLRRE SR el Bnditl sciibe Wlfif {0 1"
sanpling the &8 fergeatalioneahhe Bewet mgthppeite therfermenteineas ortersdd cop

concent r at i Ongsinghe B GEHE(BrEbkeistiuRtdiRl BEHER! PA)GHRSS AoWOEONY Oh with
t he tenpe (j]lt ure naintain con thro se an external

tapt at 30C h th -
heat exchihgeFSPHGE G155 %Qoﬁ%&%rﬁ%%seﬁ ‘qonregHé% %ﬁo‘gf‘)f@%-@w tepm The
gHSOT\/I 'It\lgea_I f er entermgi the feasemnter rthaiimdididualometramie aid Q'Lr|9|5wtsh/0@r@ghixb@e use of
. an H2SH than - aghan.. ener
source duri nggp ﬁg%er rent 4 %n@gfmﬁ?mﬁﬁ@% (ﬁlﬁé'{'ég%é%%g??rﬁe%rgt@ﬁgear Wagy
netered usi niptal grobryratend ek mhsindrrit3 v/viin) and methpnemss 1 ow
controller. Acoﬁébrﬁ%ﬁfn%@(i%%?/v?}hﬁ‘ﬁe‘iﬁ@ pgé &8 H@?Tﬁ@@?a&%sr%&h?é@ the

ot s Ler B iR g am it ne st givsiten Birainedbiaugh 8 pederatod
VI Ry and TR hanG e P R e B Tab e
The gas was dglE 5%%@%?@@3@%%%5?% %ﬁSﬂﬁg%@PﬁWamtgpmﬁebﬁ%&?jon t ur bi ne
through a per £or.abteliouisi MO) was iadded tof finakicancertrationtof 8agdppmpsior tde
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Bef or e i nocul @nicaghethedilin EdE6sleand mit oRA 2595 ¢AL-S k‘ﬁﬁbﬁqy%ir?ﬂjongEd by
aut ocl aving for e the nmedi'um had cool ed, 4
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m. of a 25 ngs?tjf:'%'?n m%#ﬁhsgﬁfm%@ﬁ?w?%@ 19dnaBtaip piasnider nent at i on
medi um t o i s¢lactionpasssude dseihg dite fermenestiuy. e during the fermentation. 25
Table 14

25 ' Table 14
Fermentation Media Composition

Component Amount
(g L)
NH4Cl 1.07
KH,PO4 1
MgCI2*6H20 0.4
CaCI2*2H20 0.2
1M HEPES Solution (pH 7) 50 mL L-1
Solution 1* 30 mL L-1
N82304 1

* Note: The compositon of Solution 1 is provided in the General Methods.

84



Fermentati on Medi a Conposition Conponent Amount (g L-1) NH4C 1.07
KH2PO4 1 MgCl 2*6H20 0.4 CaCl2*2H20 0.2 1 M HEPES Solution (pH 7) 50 ni
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adj ust ment of dansityoof thetdutaees teavhethd@ss, Shmbysftedoh quittventas udeg toul t ure
from becom ng'&n%)éﬁﬁa‘?é‘t é’fgrh%glé&uri ng the course of the fernentation.

Furt her nore, € aeration a et hane adqli tion continued once-the culture
had st opped grow n§amplespese taked-alat-bthe intepradeldoting the codBetdi¢habsence of

cell growth. fRmentdtRih %f mBEF?W&hrW%%oiid‘gf'cfo‘%fcﬁ?n ‘é(@ed‘fdh%tiolﬁ r&?ﬂ{beﬁrcjwr}homi cal
density were obser VF , ry the di Eaggea_r_ nce of ammobnia fromthe
fer ment ation RBFHC gRnsM.oh 8B sPeafigarewts@te of theneulttrRWamhe R- car ot ene
content of the.1Qehts, Ndradjesthentef gittor nestiane Aowsavad empididdoardiedest oxi de
evol ution rat e\/\@gﬁﬁ%@%ﬁ; gien§ .as _descrii b.?d 5 .su%r a. The rf%'?ul ts are
stated in Tabl'e ', Pe8 o g ke gy ge o the

fermentation. Furthermore, the aeration and methane addition continued

once the culture had stopped growing to explore B-carotene production in

20 the absence of cell growth. Cessation of growth was indicated when no

changes in optical density were observed, by the disappearance of

ammonia from the fermentation media, and by an observed decrease in

the CER. The B-carotene content of the cells, dry cell weight, ammonia

levels, and carbon dioxide evolution rate were determined as described

25  supra. The results are stated in Table 15 below.
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Tabl e 15 Fed-Batch Fernentation Results of Methyl ononas 0. 16a/ pCRTI
~- Ammoni a CERb p02C (hr) 600 (g L-1) carotene Carotene Conc.

OD DCwa
( mol

f 3-

(Yowaovess1Titer (mV) hr-1) Sat'n)

Ti me

(g (ng L-1) gDOVed)/useu04®. 351 NDd
NDd NDd 23.7 NDd NDd 37.7 1.59 0.54 2640 1.42 17.8 8.1 53.65 41.6 2.50
0.87 6300 5.51 13.9 13.2 33.50 45.9 4rab71e31555 7710 11.94 8.7 22.1 1.00

49.3 7.99 2. 36 50p¢ 10 10.4
45.50 58.9 13.6 5 ] 3 0 15.96 0
4.2 72. 69 13. 45 93 4890 19 0102075 30 aDON—[Drv Cel |l Weight]
5 bCER 7 [Tgaebon Dipxi depBygé utionpRate) cpOg. = [ Di ggedoms OQgRp 02
Concent rfat j, on ing mept rI][:1 ND D ]‘é}N?Ot term ned] At 46 |hr 1nto
fernmentati R{ca § eng fq els|r PN {i t EPNGH 1(§m7“9|1() p&rﬁ on
a dry weight basis. Shprtly after 'mtbrs tii meTitdre Rycagefdne | t hi-éy dr capayl
substantially as the fernenter bec oxyg(grﬂ‘,_’a‘D ifed as noted by the
di ssol ved oxygen conceptration , It parent that |mai ntenance of
hi gh 13{carotene titers is depnr@iéﬁw&n hi gh oxygen tensi ons preselnt in
the fermengation i al gumabl 4 gher J car ot £ou )
reached thg'? re,pc())fted hereBt hr pugh Dett gr cor[l)t]a&raol ofﬂtﬁ'ﬁe ssol ved ox@gen
concent natdeh durl-A8 the G&brse oRB#Be |fer At ation.1 jumﬂ?ﬂcar o581fEb
product i vigi @s | wer gpca CLd_g‘]?ed asg880 ¢ g[)?)éﬁldh -1l an ? 6 g3ly 1 h@ﬁ’[]% I n
additionm, Jli-caro o] re found to ilifze _at roug
4,400 ppm 4%‘59 4:2? Opgg nsi t?gﬂléd iint o ls¥t i Dnaré%phase. 2941 i g 5
apparent ti9a3 ZL C'a%tene 2.86ers ase5Ogrcwt/M2a37som at ex12s a% Hoars dfpﬂﬂﬂent
on oxygen si|o WO 18617 1 US01/.27 CLAI at .is ¢lai
is: 1?lgA met hod. ?gré%lehe pa% uct |oﬁgg¢_ a car1(25_’ éﬁm ¢d conmpound Egrﬁs)ri s?‘ﬁﬁS
(a) pro id'ﬁ8n% a {18t pr fb87 A | neB860I i 2i nd 5Bt ¢ell O 4.2 65.85

63.8 13.80 3.87 4150 15.96 0 4.2 72.70

69.6 13.45 3.93 4890 19.01 0 2.0 75.30

aDCW = [Dry Cell Weight]
5  DBCER = [Carbon Dioxide Evolution Rate]
Cp0O2 = [Dissolved Oxygen Concentration in Fermenter]

D = [Not Determined]

At 46 hr into the fermentation B-carotene titers reached a maximum titer of

10

7,710 ppm on a dry weight basis. Shortly after this time the B-carotene

titer dropped substantially as the fermenter became oxygen limited as
noted by the dissolved oxygen concentration. Thus, it is apparent that
maintenance of high B-carotene titers is dependent on high oxygen
tensions present in the fermentation media. Presumably higher B-

15

of the dissolved oxygen concentration during the course of the
fermentation. Maximum B-carotene productivities were calculated as 620
ng gDCW-1 hr-1 and 886 ug L-1 hr!. In addition, B-carotene
concentrations were found to stabilize at roughly 4,400 ppm as the cells

20

growth associated as well as dependent on oxygen tension.
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carotene titers could be reached than reported here through better control

transitioned into stationary phase. It is apparent that B-carotene titers are



conprising: (i) suitable |evels of isopentenyl pyrophosphate; and (ii) at

| east one isolated nucleic acid nol ecule encoding an enzyne in the

car ot enoiwdo b2/esynt heti ¢ pat hway 10 under the control of sBCT/@BéI278mgul at ory
sequences; (b) contacting the host ceb! Bf step (a) under suitable growth
conditions wwth an effective anount of arbon substrate whereby an
car ot enoi d conMybahig diammdoiduced. 2. A nethod according to Claim| wherein

the C carbon substy at i ng of

met hane, net hanol , forﬁen]eéﬁhd g)eﬁﬁéﬁgéoﬁﬁ%g%%m@ %&ﬁgwj?&gaé%ﬁ

met hyl at ed t hiSOMPrisii car bon di oxi de. 3. A nethod accord| ng to Caim1
wherein the Cl met abol(g)m rp@ow@mgta @s;héfohﬁead%avém;&g@mo%%sm ed fromthe

group consisting of ononas, t hyl obact er, Mehtyl ococcus
Met hyl osi nus, 20 Met hyl océf?mpgs'”lgbt hyl omi cr obi um Met hanononas,
Met hyl ophi l us, Met hyl obagi) | sukabldtigveld obmopenicuy pmphommart@bamn

hob Baci | | us,
éﬁgéogsgﬁég:mnasam Psgadoﬁgggg%%%aagemﬁtﬁg@&#égldlﬂﬁgﬁcﬂre %%”3&)& s, and
Rhodot orul a 4. A net hod accopRdiangyms lmthemmmn@dm:mmthetmwhwu ng host
is 25 a mggthanotroph. 5. A ma@%mﬂw&@&gm&%s Sshe

nmet hanotroph is a nethanot ropR sel ecte

cOon
Met hyl ononas,  Met hyl &bacCeptackpe e Besfqaliof sien (@/IW%&S‘ItaWEtQW gtyct is,
Met hyl om crobi um and Met b@n@lﬂbﬁ@wlth% @ﬁe&v@%ﬁrﬁ@@h&ﬁ@m'd&ﬁodrﬁ) daim?2

wh [ he C b b t | ected f ro con5|st|ng of
methane and methanol | and SERRE HIAERY B AGINGL CUBPSURS R-piRauRahot T oph
sel ected fromthe Zgr Meﬂmw‘eaeﬂordlggdb QVeintn¥f vemays nsthe &t baibdhaél.tlﬁltrate

Meht yl | \

Met hgng(r:rg(rflggs’ls %‘Q@E{éﬁ ﬁ)% %gr&@) %’Jﬁ ergtob%ng%%tr%yhﬁegb%n Qﬁ@a’%qwgﬁot roph
is a high gr &WHC @sicharsthyletad arrmeSamethMatﬂd ihiotprarcbsarhohuiatidenal
Embden- Meyerhof car b%%@ﬁ%dﬂ"@dooréﬁ?‘i&@éi%%@%ﬁ%ﬁe\gﬁégﬁéﬂggﬁwd' ng a

r ophosphat e _depengent ruc I nase enzyne
IIC;)C/:T/ IloJ801/ 27426‘0350‘;]& F‘%@Eﬁgﬁm aelsg etdofr‘éﬂnéh%g’?()%é@@'ﬁt'ﬂg@f gene encodi ng

a pyr ophosphameetﬂy/pmmm Nmtbﬂpbaétenqwemymecwdwamym%m@ ect gd f rgﬂﬁ the
Srobt s =L i loet e, i BB BRI Bl ksl MRG0 "0 11
Methylobacillus, Methy/obacter/um Hyphomicrobium, Xanthobacter
Bacillus, Paracoccus, Nocardia, Arthrobacter, Rhodopseudomonas,
Pseudomonas, Candida, Hansenula, Pichia, Torulopsis, and Rhodotorula
4. A method according to Claim 3 wherein C1 metabolizing host is
25 a methanotroph.
5. A method according to Claim 4 wherein the methanotroph is a

methanotroph selected from the group consisﬁng of Methylomonas,
Methylobacter, Mehtylococcus, Methylosinus, Methylocyctis,
Methylomicrobium, and Methanomonas.

30 6. A method according to Claim 2 wherein the C1 carbon
substrate is selected from the group consisting of methane and methanol
and the C1 metabolizing host cell is a methanotroph selected from the
group consisting of Methylomonas, Methylobacter, Mehtylococcus,
Methylosinus, Methylocyctis, Methylomicrobium, and Methanomonas.

35 7. A method according to Claim 6 wherein the methanotroph is a
high growth methanotrophic strain which comprises a functional Embden-
Meyerhof carbon pathway, said pathway comprising a gene encoding a
pyrophosphate dependent phosphofructokinase enzyme.
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(b) an isolated nucleic acid nolecule that hybridizes with (a) under the
follow ng hybridization conditions: 0.1X SSC, 0.1 % SDS, 65C and washed
with 2X S8ep2/617 % SDS fol l owed by 0.1X SSC, 0.1 % SDS; ROT/8)1/2m0i sol at ed
nucleic acid nolecule conprising a first nucleotide sequence encoding a
pol ypeptide of at Beash metBgd asterdingciodSlaihat whareimthd gese e668dindent ity

based on the

pol ypeptide h v!-ﬂﬂrﬁmaﬁS eé@@%sebni%tng gée)éh(%?%or Igﬁg? %ﬁég& ?%f%gc;é’dg@g?( d) an
i sol at ed nuclg? g’éﬁpoc‘?ﬂﬂ' B9 that is conplementary to (a), (b) or (c).
9. A nethod accordi ng(d)o &hasoratédwheiet acidvolicale afcomiy tHehanphsiarhi c

bacterial strain optional tains ne 20 encoding a
fructose b?ssphosphat e al d%%%@eg{&gnﬁﬁ%ﬁl ?b %Erggﬁtﬁéﬁﬁgcpord_i ng to daim?7
wherein the high growlh aetisuatedmucieic abionelecale thiat hilridipes wrtal(ﬁyd
contains a functional Ent o]
according to Claim8 \/\hergﬁg\er’ttﬁ@qﬁ%\ﬁkg WE%EQHEBWM %—ropﬁl gact eri al
strain optionally contain8- 14 @n%“‘bé/ﬁéheémm)ﬁ§59 k‘bﬂ%@@&(y
phosphbgl uconat e al dol asefou&a,ed,ng@tW(ogs@cgqroglsmst o Caim9 wherein the

h h I 16a h th
ATOC “destGnat fon AT PTAN isiged tleiS aatiBe ks e bP e RE AT ai m |
wherein the isol ated nucl eudeahddsemmémérmcﬁn@d@mlyﬁpeﬁpﬂdetcﬁIa@lebst
bi osynthetic enzyne sel ecagyi a%%’]ﬁ%{@ﬁ thg{ﬁé@%ﬁ%@% éédﬁﬂﬁ%@‘h’%%%régﬁ rger anyl

pyr ophosphate (GGPP) synthase oene syn ase,
| ycopene cycl ase, 3-car ot@\@e’smﬁ Weﬁwxfa‘rﬂhlghm@tw‘rmyl transferase,

J3-carotene ketol ase, 13 §§m gf&t@l@ Eggegm"gﬁg@,ﬁ thelse6aé dﬁ%‘gagégf:saturase

spher oi degqe rmnooxygenas ﬁﬁ%@ 6 rat ase roten esat ur ase
1- O+ carotenoid nethyl as 3 hate synt het ase, and

di apophyt oene dehydr ogenaamscﬁﬁemm@maewmla@w&%t %Miiﬁpleﬂrfénté’ryffet had
according to Claim13 Whe@ @t hﬁ i sol ated nucleic acid nol ecul e éncoding a
y

carotenoi d biosynthetic e odes a geranyl geranyl pyrophosphate
(GGPP) synt hase sePecfedethodmacheding duflainonsiheréeinghetigbegimavik Acc #.

RED0535: o8RRI OBROR o P Bnon PEd e ARG o d71240

AB034250, AF02
encoding a fructose bisphosphate aldolase enzyme.

10. A method according to Claim 7 wherein the high growth
methanotrophic bacterial strain optionally contains a functional Entner-
Douderoff carbon pathway.

11. A method according to Claim 8 wherein the high growth

25 methanotrophic' bacterial strain optionally contains at least one gene
encoding a keto-deoxy phosphogluconate aldolase.

12. A method according to Claim 9 wherein the high growth
methanotrophic bacterial strain is methylomonas 16a having the ATCC
designation ATCC PTA 2402.

30 13. A method according to Claim 1 wherein the isolated nucleic acid
molecule encodes a carotenoid biosynthetic enzyme selected from the
group consisting of geranylgeranyl pyrophosphate (GGPP) synthase,
phytoene synthase, phytoene desaturase, lycopene cyclase, p-carotene
hydroxylase, zeaxanthin glucosy! transferase, B-carotene ketolase, f-

35 - carotene C-4 oxygenase, p-carotene desaturase, spheroidene
monooxygenase, carotene hydratase, carotenoid 3,4-desaturase, 1-OH-
carotenoid methylase, farnesyl diphosphate synthetase, and
diapophytoene dehydrogenase.
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AF049658, AF049659, AF139916, AF279807, AF279808, AJ010302, AJ133724,
AJ276129, D85029, L25813, L37405, U15778, W44876, X92893, X95596, X98795,
and Y151W0 8518647 met hod according to C aim 13 wherein thePgeUseyl7gmr anyl
10 pyrophosphate (GGPP) synthase as the am no acid sequence as set forth
in SEQ | D NO . 26. .1416 A wetiechaccardingrtdi Glgint d 3@ ieerainliBevibelntdnudieici sol at ed

phyt oene aynt okt O Qe Eﬂ&?‘?fﬁ%a?%%af%e?*gﬁd“ff@%x@@h%ﬁi* A Fhe e 3uee » 15

phyt oene synt hase s
AB001284, ABOSSTAIWIIKBOSUMIRPhaEBIte 16G Base geiected fam the yERge2,

[A)ggéllgngLfgg%@ﬁ&&m@»%@@&%m%éﬁ%%@oo%mﬁo éo;tawé@f@c%?? R 63?]382228,8

U626, UstoofBU705: ABRREA4S: ARE164, %ﬁg“gm OafrO0R98414. 20 17.

A met hod accoA04§668, AFaAatIs, AFt3%9 16, AR27IBPTPARE7I80BIIAG3RR, t he ami no
I d ence fQn | } ing to

?:Iciai mS(la:q?,UMer eA?Jﬁ3?ﬁ%4,i 8%? a 1e239’ ﬁﬁ%glﬁbc’l\gcﬁ3%%2%%@eﬁ%%ilﬁgf8§%gar ot enoi d

bi osynt heti c &92888, £06688sXA87 YPhyareeWeStib3at ur ase sel ected fromthe group

APD18415AL51014 st i oRal G 0 daind T3 Iidain AEMRETRRIYA. nenosa

S71770, 288}’“@%@98?&%&%5@? sY8¥a88 asihe R0 Zsihbyeq USBRIES Set X71023,

X78271, X78434ortiKir8SER IDBIEY¥®B.. Y14807, Y15007, Y15112, Y15114, and Z11165

30 19. A t hod [ Claimil erei he . t pen desat urase as
the am norrgci 8 _s23§g:lgia'%§§1tooe?cc%gafpﬂ%f)m§'@b1?Bﬁ"ﬁ@'g@% f@.‘ﬁﬁd r‘Pé‘P%é%l _
accordi ng to ereimeEzulkhenedding lecarstenaiccdiosythetic eazir;e@og%eka eéc]?dl ng a
carotenoi d bi gﬁyﬁep@t%ﬁ]twig@ a%gqﬂﬁ.ﬁ t@%g"%@@ﬁstﬁﬁc fagg keégg rom

h e nbank # AFT3 530 P51 8415,
AF279737 15013591 240 AEORE 70 nOBE6 0%, ABRYEY 5, BEIIRE5AL 19891057280
U50738, US073AF462803, AFXT8599, AKBITHB, AS86G0302, APsiD4, XJDF8687and X98796.

the |ycopene. YaPAGEs: ALSTHES, Kol FR 088 Jhid 7L S0u0s WoBss n st0r 1 b
NO 30 22. A nM&7@80aSyd7ddny 32636 62808 WEZ628, 1990 X6Ranedxeos4ei c  acid

nol ecul e encogi ' | | £ enzynme encodes a J3 5 carotene
hydr oxyl ase s&gggzghk%gﬁnﬁpﬁgﬁgﬁd%gﬁ%@ds ‘ing of Genbank Acc # D58420,

D58422, DHd087, MiT7286, melmeloaccovdingie Claim 13 wherein the phytoene
synthase as the amino acid sequence as set forth in SEQ ID NO:34,
18. A method according to Claim 13 wherein the isolated nucleic
acid molecule encoding a carotenoid biosynthetic enzyme encodes a
phytoene desaturase selected from the group consisting of Genbank Acc
25 # AB046992, AF039585, AF049356, AF1 39916, AF218415AF251014,
AF364515, D58420, D83514, L16237, L37405, M64704, M88683,
S71770, U37285, U46919, U62808, X55289, X59948, X62574, X68058,
X71023, X78271, X78434, X78815, X86783, Y14807, Y15007, Y15112,
Y15114, and Z11165
30 19. A method according to Claim 13 wherein the phytoene
" desaturase as the amino acid sequence as set forth in SEQ ID NO:32
20. A method according to Claim 13 wherein the isolated nucleic
acid molecule encoding a carotenoid biosynthetic enzyme encodes a
lycopene cyclase selected from the group consisting of Genbank Acc #
35 AF139916, AF152246, AF218415, AF272737, AJ133724, AJ250827,
AJ276965, D58420, D83513, L40176, M87280, U50738, U50739 U62808,
X74599, X81787, X86221, X86452, X95596, and X98796.
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23. A nmethod according to Caim 13 wherein a-carotene hydroxylase as the
am no acid sequence as set forth in SEQID NGO 36 24 A nethod according to
Clai m 13 wher/edom’ t he i sol ated nucleic 10 acid nol ecul e enPOTUREL/2T420
carotenoi d biosynthetic enz encodes zeaxant hin gl ucosyl transferase

sel ected from the 4 odb 8e¢aigingrto aim ddrvhereinthetigeene oyriasgn, and
MB0698. 25. AasethbemiaccwidisaguénceGaisst ightimeseQnDzexsmt hi n gl ucosyl

t f th ' ' . forth in.S | 1 28 15 26.
A ot hod accordi ndta o ALinetiyd sSGHIRGE Chit Taohtielh haRuRe DRI Ro) eou o
encodi ng a caesickhglecule esgodingta caretenpitbmsynilietic @nPymeanuodes k@t ol ase

| ected f ISt A f -t AF 4 81,
DE8420. D5B42: cfaﬂ?‘(gg%s ArdXyls %?1%‘%1'%%.68??%&%&@&‘@?0%%%'{’9gnfggé?%&aa‘%ﬁ‘?ls
wherein the | #0Pa8420.10%844% D9603Ei MBAaBRcLIB28BBCBHPhIR.a car ot enoi d
bi osynt hetic enzyps. ercodesoRatcordip@ItotGIarm Hetwhatam Meauidienéhe am no acid

sequence as set for the ip SEQ |1D.NO 38. 28. A nethod ording to daim
S ror e o° nEvAtaskad he Bine it gertpace pe %’Eﬁ'ﬂﬁbgg%%[ﬁ MZa67

bi osynt hetic enzy2d. eﬂ\?mﬂﬁmmaéc&}rdiz\@ todClainene v&ée@d%gﬁﬂ?gt%cﬁ@duﬂ%bed Lrgm
the grou ongj.&f | o . . met ho
acco?di nglgo %ICE]T m%%f%&%gﬁ@?‘ﬁﬂéﬁe@é}@toﬁﬁg@g%%ﬁ@‘sﬂ@%“gﬁé %oégﬁl e encodi ng
a carotenoi d Beaxgmhinegiucosyl iiansferase gelected iomdhe@reue cdosisting afe sel ect ed

from t he o ouBBHALNE BBOSERARKoAS CaronaBE04 7490, AF121947,
AF139916, AF195507, AF272737, 1F013350, aAFygg26l , . AJ133724, AJ224683,

D26095 U38550, X897/ MeHorsaceiingriediginn 13 yderainraagathie obtansily to
C ai m 13 wher ¢iansferasé aelthé aghind kR Sequatice a¥0keciord ifBEQIIDNG: A r ot enoi d

the_oroup ons ot Ry o1 MeRsLAReRIEBS Bt dd S Baceigh ST 51 "

met hod accor diegtg m_e(qt%e Anaaing ér earaterioid bissyathetic ruzymiecencaded awﬁ)J?ecuI e

Eg? Usod 27429\2%2%;‘?;@?%&52;2&;;&%@& g%zrﬁ?ﬂ"g 8‘?%%{; IR g o

nbank Acc #: 794254 ), 67822 @015 UiB944, X52291, zI

1165, and Z219552732A Wetichactaraipgridicigint os@brgérmnltﬁte\g&ét???d%&)@ici Zﬁlcgfj gg

2 car ot eBd a HPGEEIE pREERRL A oMo FRR G S YRR EoRRE SR Gonbank
carotene ketolase having the amino acid sequence as set for the in SEQ
ID NO:38.

28. A method according to Claim 13 wherein the isolated nucleic
acid molecule encoding a carotenoid biosynthetic enzyme encodes a p-

25 carotene C-4 oxygenase selected from the group consisting of Genbank
 Acc#. X86782, and Y15112.

29. A method according to Claim 13 wherein the isolated nucleic
acid molecule encoding a carotenoid biosynthetic enzyme encodes a -
carotene desaturase selected from the group consisting of Genbank Acc

30 #. AF047490, AF121947, AF139916, AF195507, AF272737, IFO13350,
AF372617, AJ133724, AJ224683, D26095 U38550, X89897, Y15115, and
PCC7210,

30. A method according to Claim 13 wherein the isolated nucleic

acid molecule encoding a carotenoid biosynthetic enzyme encodes a
35 spheroidene monooxygenase selected from the group consisting of
Genbank Acc #. AJ010302, Z11165, and X52291.

31. A method according to Claim 13 wherein the isolated nucleic

acid molecule encoding a carotenoid biosynthetic enzyme encodes a

1
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Acc #. AJ010302, X63204 U73944, X52291, and Z11165, 33. A nethod according
to daim13 wherein the isolated nucleic acid nolecule encoding a
car ot enoivdo bz/essynt heti ¢ enzyme encodes a 1- 10 OH car ot enPCTUREtATyl0ase

selected fromt h onsi stin nbank Acc # 034704, AF288602,
AJ010302, X525@FP %’%ﬁjﬁﬂ@i segcte %FP@E‘ IEUPF ISR é%”'?ﬁ nAGhEr ei n t he

i sol at ed nucI AB@34iO4ﬁAﬁm9§tm eAd0 0802 AR2 8741801 BMGQGMJJXQM@I Ieti1e5enzy me
encodes a éﬁg%ggsphosphate synt het ase sel ected fromthe group

consi sting ank Acc #. AB003187, AB016094, AB021747, AB028044,
AB028046, A60280432 AN netset, acepIding 0@ ClArEE3 ahereimios Bojatedraeitc D85317,

X75789, Y1207 L46349,
L46350, L4%36%C'dzwgg%§g;7 %a%&@&%@g@é&éé %ﬁ}i'%tﬁ%@é} h '%é/%g%%é

XM 034499, an@2'Ri® e§g usase pelagied diona dhe BEuyConRsiZling oh Genbardt ei n t he
i sol ated nucl Abe #. AG0A0B02 emtseoemﬁmzmgxezggﬂ o4 1gisosynt hetic enzyne

d f dipho, t th
s At E e B RoR RS b S bR e R R RS Senee
the isol ated acidIreolecu%ermn%gmloamiéaondrtnmymgetm eazyoheracodds asiynt heti c
e e cnepiea ) BN ARSI PRETER TFEH EonFRU ST
i sol at ed nucl &re#. ABOS4TOHeBhPBBEOR 0810H0I0L A2 candl Bll 64§t heti c enzyne
encodes a 30 di apQ@hYAQﬁ@tﬁo@Eﬁl‘lzﬁng} RAERifNEY e@gtﬁ%s}@grﬂu@ cid

sequence seI ected fro n5| sting EQ ID
NO: 24. A2TIERYgCY c%‘r‘%?i %lﬁ 't’é‘a@ ﬁPWP'WVé‘r“é‘P e %%Vdn%ﬂﬁ@qiﬁﬁ ?ophl C
bact eri a l s netrrhwéwmwmphae Mﬂl@et@%& gelfedIom Mhegidircasastig g to daim

by the. extt coCERRRR AR &@ﬁ%pé@%%ﬁ%%&%%F{%é’@f%i@ﬁtméyagﬁnﬁé°V'48'ed
A et hod accoABDB@Oé@ ABAPZBYER AET2881, ARi18660DeAF pBd0Ma\D006YEpr enoi d genes

| ect ed 7 S01/ 27420
deoxyxy! ul ose LIS Rl RS PPN, S1p89205afd Lo Qg@éﬁ%@?& X825 sphate

r educt oi soner %8¢ 3918 149d|-4;5 ChiLAB867, WBPPAS NNUOQHBﬂér as
(I'spD), 4-d lutaesmoxm oexmgz XMmeshrdexiihosaedo KiesSM ¢

e AP W T I TR tg%h?&a %@5&2 e
gene encodi ngaeid molecule encoding a carotenoid biosynthetic enzyme encodes a
farnesyl diphosphate synthetase having the amino acid sequence as set
forth in SEQ ID NO:20.
36. A method according to Claim 13 wherein the isolated nucleic
25  acid molecule encoding a carotenoid biosynthetic enzyme encodes a
diapophytoene dehydrogenase enzyme as described by Genbank Acc #.
X73889.
37. A method according to Claim 13 wherein the isolated nucleic
acid molecule encoding a carotenoid biosynthetic enzyme encodes a
30 diapophytoene dehydrogenase enzyme having the amino acid sequence
selected from the group consisting of SEQ ID NO:22 and SEQ ID NO:24.
38. A method according to Claim 1 wherein said methanotrophic
bacteria is methylomonas 16a ATCC PTA 2402.
39. A method according to Claim 1 wherein the suitable levels of
35 isopentenyl pyrophosphate are provided by the expression heterologus
upper pathway isoprenoid pathway genes.
40. A method according to Claim 39 wherein said upper pathway
isoprenoid genes are selected from the group consisting of D-1-
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D- 1- deoxyxyl ul ose- 5- phosphat e synthase (Dxs), encodes a polypeptide as set
forth in SEQID NO 6 42. A nethod according to.C aim40 wherein said gene
encodi ng veO 06D 1- deoxyxyl ul ose-5- phosphat e reduct oi sonePEBEESEIRTHI0,

encodes a pol ypeptide as set forth in SEQ ID NO 8. 43. A method according
to O ai m40 wieexyxylyaseSgehespaatoslnibase (2x3)nBr hyleodyetylose-5t ol

tidylylt isOPAKT W<l et forth in SEQID
?C/I I10y >1/5 Lir‘éﬁééﬁ%e(rbﬁﬁabls Q%?%ﬁ&’%bﬁa&gleggmmggd ene encodi ng a

. ret hod ' to. . Z

4- di phosphocyPWYlgg@?f%F%ﬂ%g@% Hrdipbpsnhasysdyica-Spmpinderydyiel lgnase  ~
pol \;I/\Eept i de ag/spE), Z@mdthiél_nd@%ﬁi@l B',@-g[ﬂsﬁ)icl)dighoébrﬁé _@?ﬁ’clh@@éQ'Ys%FD‘,QCTP daim
40 I Ne saj | - yl -d-erythrito
2, 4-C$E:FO(:S| ph%@&ﬁggg(%%ha{@%f@g%p ‘encodes a 20 pol ypeptide as set
forth in SEQ I D Né114A method aneohdidg e Edaidi 4@ viheréinasaid dénetencedingsai dsg(e?ne

di P . d I ' ; n
R g S e S D S RS e
25 an activi t $efOFtNRSERIBNDI®n of di methyl al 1yl di phosphate (IytB) _
encodes a pol ypegpj da ragtHeatadc@fdifg itd) CRiIR 4PWNErdB- sAP gee %EBBHS%PCOV di ng

to Caimil wherein the carotenoid 0 und is selected formthe group
consi sti njéo of Aﬁ'tdﬁ%\é’%%'f’ﬁ?#? ph%ﬁﬂgﬁl%‘%g%f 't‘?f,so')ﬂ?f%%?d@’ffgrﬁm@gﬁ? Raxant hi n,
capsorubrin, pelypgptidsantset forBlinabpAdDCO08.ene, bet a- car ot ene,

epsi | on- car ot ene, 4gchij , - e - carotene .

alopha- crypt oxant h|4§ %pﬁgfg@gn c%%gdmg, tia%hﬂgﬁyﬁgé@tsﬁ%ﬁéﬂ? ﬁ?c?ﬂ'ﬁ'gﬂo\nt hi n,
f ucoxant hi nol 2Creetwhidesrythaitel, cytitpytenafeiasa i ispD), Lersiadesa/polppeetide

neoxant hi n, nggkEERMIHEMESEONE QEYNgUr ospor ene, peridinin, phytoene,
r hodopi n, . r hodopi n gl ycosi si phanaxant hi n, spheroi dene,

spher oi dehbne, spffil dﬁﬁﬁl%%iﬁﬁcgmi%[@ Gdaim 40 wéerela saikgane engpding>aant hi n,
zeaxant hi n-j 34{ﬂimmcﬁﬂdyl§agd-m§ﬁwwt?ymrit?l kﬁ‘(gaseﬁrl%ﬁrﬁ)g]gﬁﬁ%%éscﬁ hﬁe ¢ abol i zi ng
ﬁ\ég[ Eg(r)rgglcfs: ﬁg‘é’%aﬁ%gté%%fﬁﬂ‘?ﬁ‘ 093%)2&420 (a) providing a transforned
d rmetaboli zi ng hébt Aehethodageordinggo Claiin 4binthetia daid gese eﬁcbding;g;t enyl
o sP 2t SO do b2 ORI UGS el dyPRUEEH
control 030 suPelyBeRtidegaisat firih i8cE@iPNO:14.
46. A method according to Claim 40 wherein said gene encoding a
CTP synthase (PyrG) encodes a polypeptide as set forth in SEQ ID
NO:16.
47. A method according to Claim 40 wherein said gene encoding
25  an activity for the production of dimethylallyl diphosphate (lytB) encodes a
polypeptide as set forth in SEQ ID NO:18.
48. A method according to Claim 1 wherein the carotenoid
compound is selected form the group consisting of Antheraxanthin,
adonixanthin, Astaxanthin, Canthaxanthin, capsorubrin, B-cryptoxanthin
30 alpha-carotene, beta-carotene, epsilon-carotene, echinenone, gamma-
carotene, zeta-carotene, alpha-cryptoxanthin, diatoxanthin, 7,8-
didehydroastaxanthin, fucoxanthin, fucoxanthinol, isorenieratene,
lactucaxanthin, lutein, lycopene, neoxanthin, neurosporene,
hydroxyneurosporene, peridinin, phytoene, rhodopin, rhodopin glucoside,
35 siphonaxanthin, spheroidene, spheroidenone, spirilloxanthin, uriolide,
uriolide acetate, violaxanthin, zeaxanthin-p-diglucoside, and zeaxanthin.
49. A method for the over-production of carotenoid production in a
transformed C1 metabolizing host comprising:
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and (iii) either: 1) nultiple copies of at |east one gene encoding an 10
enzyne selected fromthe group consisting of D 1- deoxyxyl ul ose-5-phosphate
synt hase Wom¥)861D- 1- deoxyxyl ul ose- 5- phosphat e reduct oi SOPE€T/ASE/ 7TE20r ) ,
2C-methyl -d-erythritol cytidylyltransferase (IspD), 4-

di phosphocyti dyl - 2- C- @} hyrevigingra trahsfermad &€ { nstdb)qlizing host celi

2C-nmet hyl -d-erythritol 2, %Dﬁ'iﬁ?is .phosphat e synthase (lspF), CTP synthase
(PyrG@ |ytB and gcpE; or %% at eait one_gene encodi ng an enzyne sel ect ed
fromthe group consisting (@ Spitablgdevsls of isopeatenyl preppaskiaieyathase (Dxs),
D- 1- deoxyxyl ul ose-5 20 ph}piis)pbat@st ed%@cﬂimrmm@e aclaxnplecdfe emddiihg d-
erythritol ccytidylyltransferagse - e .

di phosphocgt i dyl - 2- C net hyl e%ﬁt%ﬁg@l %ﬁpﬁfﬁéo%f‘ggé'?syntheﬂc pathway

2C-nethyl -d-erythritol 2,4-cystedthehemitodof sifatila asgulalorg pEYyer@ER; synt hase
(Pyr@, lytB and gcpE operably425 linked to a strong pronoter., (b) _
contacting the host cell of step (a) under suitable growh conditions with
an effective anount of a € 8#P®o6n substrate wher eby a carotenoid conmpound

: s over- produced. 38_ 50. A gt hqqti@fgqg@p@srt? 5@%@@5@#@@%@@@ hLhe at
(i1 (Y encodes an enzy FEoUBESHesd fiom MorgtBisrelhbssf tha of sco 10
NO 6, 8, 10, 12, 14, 16, andetByxydHose-5-phosphate synthase (Dxs), D-1-
deoxyxylulose-5-phosphate reductoisomerase (Dxr),
2C-methyl-d-erythritol cytidylyltransferase (/spD), 4-
diphosphocytidyl—2—C-methy|erythri’toI kinase (IspE),
15 2C-methyl-d-erythritol 2,4-cyclodiphosphate synthase
(IspF), CTP synthase (PyrG) lth and gcpE; or
2) at least one gene encoding an enzyme selected
from the group consisting of D-1-deoxyxylulose-5-
phosphate synthase (Dxs), D-1-deoxyxylulose-5-
20 phosphate reductoisomerase (Dxr), 2C-methyl-d-
erythritol cytidylyltransferase (IspD), 4-
diphosphocytidyl-2-C-methylerythritol kinase (/spE),
2C-methyl-d-erythritol 2,4-cyclodiphosphate synthase
(IspF), CTP synthase (PyrG), lytB and gcpE operably
25 linked to a strong promoter. '

(b) contacting the host cell of step (a) under suitable growth
conditions with an effective amount of a C1 carbon
substrate whereby a carotenoid compound is over-
produced.

30 50. A method according to Claim 49 wherein the at least one gene
encoding an enzyme of either part (a)(iii)(1) or (a)(iii}(2) encodes an
enzyme selected from the group consisting of SEQ ID NO:6, 8, 10, 12,
14, 16, and 18.
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