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METHOD OF Qﬁﬁgbﬁ ZATI ON OF FOSSI L FUEL W TH
FLAVOPROTE BACKGROUND OF THE | NVENTI ON Th&CGHUSOYRI8ES
desul furization of fossil fuels has been 5 an area of active

I nvestigation for over fifty years. The obj ect of these investigations
has been to devel op bi ot ech- nol ogy based net hods for the

pre- conbusti on renoval of sul fur fromfossil fuels, such as coal
crude oil and petrol eum distill ates. The driving forces for the
devel - 10 opment of desul furization nethods ar e t he |ncrea5|ng | evel s
of sulfur in fossil fuel MECHOR ONDESIILEFIE , e SIL FyE

sul fur em ssions. Mnticello et al.," @tavopn N Consi derations in
Bi odesul furization of Petroleum™ S Synmp. on Gas, QI
Coal and Env. Biotech., 15 (Dec. 3-5, 1990) NEM/CX[eans LA,

Many b|ocatalyst_Aggggggggggggggg_ggyggggggpveIoped to ~desul furize

- f | fuel ludipg th bed gh.ent .5, 356, 801,
57338, 870, 5, 358, 513, Te  Bcspbial ads1Elrisiion of, R1 Hisre 52 peen
5, 002, 888, insoranrared oZOachévelunbystegetenaeforEownmnfdfawaWyses The
| ndi cate that OnSbJect EE”EH@FEOQnVQSEﬁgaQQQHErﬁh@'bé@h'@ QEv%ﬁﬁa biotech-

technol ogy is ga rates and ecific act
t he bfocatah?%PQY base ge@h@dsaép§rpaeaeaeeﬁ?whsgtﬂma;nﬁmsval of

i nvol ;/ed intthet daseb-uErant Eeas&eg;eﬁeqe/s- st faeaeb‘aqg c%atdelr s a?x@jt
specific activities ed/ hour am.o i oca S

have been reportB8t F%iFH@ ﬁFFEUE¥EF88are the dﬁ&Xﬁ“ﬁbﬁ@Fcﬁﬁa%C%h%§@ Eve1-
necessary forLoopbpmehtcofindesudfurizattienhmethgds alrer ¢her é ncrsasingdevels
in the longevity,gand,yeur $REELELT12¢0EY BhaCtnENinRr8524ANY stringent

. desirabl e.

regulation of sulfur emissions. Monticello et al., "Practi-

cal Considerations in Biodesulfurization of Petroleum, "

IGT’s 3d Intl. Symp. on Gas, Oil, Coal and Env. Biotech.,
15 (Dec. 3-5, 1990) New Orleans, LA.

Many biocatalysts and processes have been developed to
desulfurize fossil fuels, including those described in U.S.
Patent Nos. 5,356,801, 5,358,870, 5',35'.8,813, 5,198,341,
5,132,219, 5,344,778, 5,104,801 and 5,002,888, incorporated

20 herein by referegnce. Econemic_analyses3indicate that one
limitation in the commercialization of the technology is
improving the reaction rates and specific activities of the
biocatalysts, such as the bacteria and enzymes that are
involved in the desulfurization reactions. The reaction

25 ‘rates and specific activities (sulfur removed/hour/gram of
biocatalyst) that have been reported in the literature are
much lower than those necessary for optimal commercial

- technology. Therefore, improvements in the longevity and
'spec1f1c actLV1ty of the biocatalyst are desirable.
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- 2- SUMVARY OF THE | NVENTI ON The invention relates to the

di scovery, &Qg he rate of microbial desulfurization of fossil fuels .
i s enhance the addition of a flavoprotein to the BFEUSSHS$6St . The

5 invention is drawn to a nethod for enhancing the rate of

desul furizing a fossil fuel containing organic sulfur conpounds,
conprising the steps of: a) copyacting the fossil fuel with an

aqueous phase _ contalnlng a bi.ocatal yst capabl e of cleaving
car bon-sul f ur giiMMAR ) twu,”@ﬁhan0|ng amount of a flavoprotein,
t here- - by, orn1Q%]a f 0SS| —and ‘agueous _phase m xture;

b)  maintaining tHe® 3&YFQF¥9“§¥ %e§ todeRe dherovery thasntheutatei ent
for cleavage off tnhiccwsiah-dedilEubDrasion of foé@flofﬁéﬂeCJ.EUEfaH? cpd by

nol ecul es by ta t her eb .result SSi
havi ng a reducg.ﬁa %@% A%Lﬁ#Lﬁ Flav g%?lﬁ gb:.ccata ¥st. sE'B&r ating
the fossil 5f udnvention &g alicawnl to a mnghndcfenlénhanoﬂmgnthéreateh@f

resul ting aqugggﬁqﬁﬁyiﬁf %) fosslﬂwfhéi“@%ﬁééqhﬁﬁ reéég%g ﬁﬁHF DNA

reconbi nant mcroo ani sm cont al Nl ng. one_or
nol ecul es SRTRIPRHO0 RORPTH HERd 42 tSEPRPE: of desul furizing a

- fossil fuel contaigng wm& 14 fitHe MoSSLN OBueD Gyt Chin agg?taﬁgdﬁhgse

flavoprotein ' n ent on al so rel at
corr;r PS| ngI 25°°(‘§)a1§”5’f%caafba’: : I"easQﬁ %%s?fffiiﬁﬂ-@gacwéenrsn&éur
(E:)(égtcg: glnn%(\)lorm?ds and & raﬁeaceﬂmcmtglz (dnount Icaf/ca)rﬁlﬂrr]@protl:eznt BE%mEEe- f

r i C ustration o
the conversion? @%%$ sZSJI-JIBFf"'byl aalnr%]e fc{n}edvf ?p%ﬁ%%o‘%’éé'ﬂlg &p. ATCC 30‘

53968, | GTS8, uponkhe Mrmaeummg fihe gpitusren. of step (aFiguder2conda-

graphic '||USE&@dénbdﬁfﬂcfﬁﬁﬁ‘Ebrfﬂigu¥age é¥“¥ &@Qﬁﬁlf%fhﬁonds of .
desul furizatio gene cl-uster e énesente one or wt
flavoprotein § 1q|§ﬁ%{§; molecules by the biocatalyst, thereby

15 resultlng in a fossil fuel hav1ng a reduced organic sulfur
content; and’ _
c)  separating the f05311 fuel hav1ng a reduced
_organlc sulfur content from the resultlng agueous phase.
. ' The 1nventlon also relates to a recomblnant microor-
20 ganism contalnlng one or more recomblnant DNA molecules
which encode a blocatalyst capable of desulfurlzlng a
fossil fuel containing organlc sulfur molecules and which
‘encode a flavoprotein. .
_ The invention also relates to a compositlcn compr1s1ng'
25 (a) a blocatalyst capable of desulfurzzlng a fossil fuel
' ccptaining organic sulfur mclecules_and (b) a flavoproteln,

N Figure 1 1s a graphlc 111ustrat10n of the conversion
of DBT to 2- HBP by an extract of Rhodococcus sp ATCC
30 53968, IGTS8, upon the addition of flavoproteln.
Figure 2 is a grephic illustration of plasmids, pEX16
and pEX44, wherein the desulfurization gene cluster are
' presented alone or with the flavoprotein gene, frp, ligated
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- 3- Wb bEffoky tO the dsz genes and becom ng a part of gﬁ?
gene clusterég _ Figure 3 is a graphic illustration g -gﬁﬁyﬁﬁﬁhe
increase in the rate of desulfurization of DBT when a 5 plasnd

co-expressing a flavoprotein is enpl oyed. Figure 4 is a graphic
illustration of the elution profile of _gn endogenous flavoprotein from
ATCC 53968. Figures 5 and 6 are graphic illustrations depicting
the increase i ngibectayersf tlesdskugeaaki aRdobebBhiagdaDBAYt &2 %pktggg _
when the fraction contai ning the endogenous fl avo- protein of | 8 is
added to the DSZeBRzGHBSPPEparati ons i solated fromE. coli harboring
the dsz genes. Fifh¥él BEDsDaSERraphl ONi DFusticat WWENGePNcting the | N

the petroleume LQn.an ef.LplLngcar . Lerm” antc sul fur™”

i s generally_ungééggéég ég gg%e;??ﬁggf dgg?%%ggéﬁégégﬁnggcg#%s“h&?iﬁg a
hydr ocar bon %r aptasmkdt co-expregsingoacféavoprotednf ds empioyedal | ed

het er oat ons) are : | gnt Ly.j Qi i m 1B A a a . @i ned
di - rectly to.t égﬁ*ﬁrSc%?bén%??ﬁéﬁo?E?GS?*%”%‘%‘ bR Ene R10E1bY
carbon-sul fur bBReSilgro aﬂnbEnQPGSEﬁPsiﬁlavgBﬁggFﬁGe Fom ATCLoBR868t0 t he

hydrocarbon franeworkighrésesnaha@cel areegéaphic il2usdrheivhsoaephcthigch
contains a carbqﬁ-oxxgen-sultur'h coval.ent IF?kageé . The geggral %Iass
of organic ol etfeincreass i 5heEake Rf, de8ht FUF1ABF&PBaPEEBT, and DBT-
sonetimes rk0 SBlteneedhén the" frgendenl Eontadnpngnthe. efiiegbndusc &6 -

portion of the upds be_al] tLg, o] i Lally

al i phatic and r%?%?ﬁyggrgﬁggﬁcgs abBed' £6 E§%|?%ho%n%gﬁﬁeﬁ§gﬁgﬁékﬁs%ﬁc|ic
organosul fur cohpelaeed fromj F.uwapd#h barberingr theudsgr gRBeSroat ons are
linked to 30 adjacent carbon atons in the hydrocarbon framework by
aromatic carbon-sul fur_bonds are_referred to as "sulfur- - bearing

het erocycl es”. B = 10N t ypes of

sul fur-bearing heterpgychespesrotéanr eftraction and"reEdnhngi argsl,f dhe in
view of trmig'VEéQE”PSLSanéoggifﬁru is generally understood as referring
to organic molecules having a hydrocarbon framework to

which one or more sulfur atoms (called heteroatoms) are
covalently joined. These sulfur atoms can be joined di-
rectly to the hydrocarbon framework, e.g., by one or more

20 - carbon-sulfur'bonds, or can be present in a substituent
joined to the hydrocarbon framework of the molecule, e.g.,
a sulfonyl group (which contains a carbon-oxygen-sulfur
covalent linkage). The general class of organic molecules
having one or more sulfur heteroatoms are sometimes re-

25 ferred to as "organosulfur compounds". The hydrocarbon
portion of these'compounds can be aliphatic, aromatic, or
bértially aliphatic and partially aromatic.

Cyclic or condensed multicyclic organosulfur coﬁpounds
in which one or more sulfur heteroatoms are linked to

30 adjacent carbon atoms in the hydrocarbon framework by
aromatic carbon-sulfur bonds are referred to as "sulfur-
bearing heterdcycles". The sulfur that is presént in many
types of sulfur-bearing heterocycles is referred to as
"thiophenic sulfur" in view of the five-membered aromatic
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-4- ring in which the sulfur heteroatomis present. The sim

pl est swoosmydsnr - bearing heterocycle is thiophene, which pepug he .
conposition CJerr]Herr]S. Sul fur-bearing heterocycles are known

to be stable to 5 conventional desulfurization treatnents, such as

hydr odesul furi zation (HDS). Sulfur-bearing heterocycles can have
relatively sinple or relatively conpl ex chkémi cal structures.. In

conpl ex heterocycles, nultiple condensed = aromatic rings, one or nore

of which can %%nﬂe¥%rwbyéhl§h31EU1§H§ peteyoatomThe prbbeumltymﬂe sim-
desul furi zati c e (o f t
ggesﬁ £6888 §ulfurmbéariﬂﬁaﬁEturbEQéhe 9EPke3id E%F% “ﬁgﬁﬁblex

mol ecule. T vi-or 1s npbst accent

or
sul fur- _ E@eh%?%PBE}Eiﬁg Xcﬂcﬂ as di benzot hi ophene (DBT,
Clerr]Herr]S) . 18ulfur-béBFihg neﬁdrbu?cbéaraﬂﬂ ﬁab%oebcbs Stablrt s

menber ed (h SRt pRaf; SRHERELER0Ton EERRERBRER, 08U Sgenyyiic i ngs.
Mich of the rhydrodéspbfuripstiogafids). Sulfur-beatdngi hetesocyelies ng
| ntermedi At e thgpgbrside s P01y D fﬂgiedaet eﬁfﬁtibéfﬁgggh?lﬁw Bfem; cR1°

maj ority of resi dual nic.su
deri va- tﬁﬂkﬂpﬁm%ﬁ%of ﬁ%v?ﬂ@P%GE betaseeyalry) mﬂltipﬂegpsnﬂsnsed

att ached t0 Qiorbt{®r#i boﬂnétéﬂsm@réséﬂtwhﬂcﬁ”éaﬁrbéohéteroc&kq I ng
benzylic rel.evant. arts as a nodel

n DBT itse h
compound 3 4 E%ﬁ?zﬁ#%&é?ﬁ tHEhe ggﬂﬁVfE % gﬁﬁutﬁﬁ§§ZGFISBnﬁBGﬁ§§seS
enconpassi ng wikh artte struhturallaemplexiEpfofntheamblea&lenvoh%h&gls, “

t hi opheni c u Rey cro-

bi ol ogy 39: Sfl %éﬁ%%‘}g% giaﬂgsngg ‘é&dgﬁg@a? v8§ ex[ ﬁé‘ﬂ'gl “can
account for deaxingiketereeyelesageuck amedibenzothiophener (DBM,ent of
particular c q §.8)l.s, coals and bi tunmen. For ‘exanple, these 4
sulfur-b HI%} te%ém cles qee been reported to account for as much

as 70 wt oof t he # %Hﬁ#%ﬁ Reteresyeisathar hasor comnd up

to 40 35 \Mﬂﬂeﬂseduamuitﬂpreﬂarmmzbﬂcen&ngfs6£ﬁ6tﬁkédiﬁ Eﬁithauﬁgve—

membered thzophenlc rzng is flanked by two slx -membered
benzylic rlngs 'Much of the reszdual post -HDS organlc
sulfur in fossil fuel refznlng 1ntermed1ates and combusti-
20 ble products is thlophenlc sulfur The majorlty of this
residual thlophenlc sulfur 1s present in DBT and deriva-
tives thereof hav1ng one or more alkyl or aryl groups
attached to one or more carbon atoms present in one or both
'flankzng benzyllc rings DBT itself is accepted in the |
25 relevant arts as a model compound zllustratlve of ‘the
hqhsvior'of the class of compounds encompasslng DBT and
dl:ivatives thereof in reactions involv;ng thiophenlc
. sulfur. Monticello and Finnerty, Annual Reviews in Micro-
biology 39: 371-389 (1985) at 372-373. DBT and derivatives
30 thereof can account for a 81gnificant percentage of the
total sulfur content ‘of partlcular crude oils, coals and
bitumen. For example, these sulfur bearzng heterocycles
have been reported to account for as much as 70 wt% of the
total sulfur content of West Texas crude oil, and up to 40
35 wt% of the total sulfur content of some Middle East crude
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-5- hus, DBT is considered to be particularly

as a nDdelaggﬁgbﬁﬁd for the, forms of 'thi ophenic sul fur #oun&ﬁﬂn FOSSI
fuel's, such as crude oils, E8&ls or bitunen of“'particul.ar geographic
origin, and various refining 5 intermedi ates and fuel products

manuf actured therefrom | d. Anot her chamacteristic of DBT and -
derivatives thereof " is that, following a release of fossil fuel into
the envi- 62MBENt Thi:BgS ORIV Ilfslrcdm@aaei@mwwwmma&rw rellevaHto

periods of time wthout

f { t dl ach |
Sci ence 221: 1223828 (nseégi) Bmpri , £ oq:%%r%da Ig\?)zfl é“%’tl %m ac arrl ng

ni croor gani sms foundt ief feesil fuahs\;elsyaqmado@nuﬂe aid shr Walda)wrr bitumen
sul fur-beari ng of, Ra@‘?&@iﬁgxmnq%%lgraghlc ong[‘i of, 0S%d vailodd'dled iy t abl e

for desulfuriza treat t he present 1nven |o IS one

t hat coht ailnteymgdiptesuang fued,or u%manﬂf@lcq@qdeftaﬁramm
as a "substrate fyossihhokielr’ chadaziteigties %ﬂ lfﬂ'le'aild lFRrivat iV tHedbed

t hi ophenic sul fur are part ul grly. suitabl e ul.furi zation
~according to thé&sSmEPAS é@%ﬁ‘ﬂ“&é’gﬁer"ﬁ asez@%?ﬁ?ﬁlés%fels&dﬁ: Jihe e -
. fossil fuels |ngbnﬁen€erthMeg@mlfur baaﬁangmhatdnammplasuyersﬂsr for long
' At habascan tar and,ot.her _t yRes th

" fractions such BETAP of ¥ c?ﬁlé:ht?%lt tgr%ggl a%%’sp rE !@xragcisdé(}é}? and No.
1 diesel 0illp Gundiadhced a;!er |Sca@dqaltﬂ2;lslr%§-’m¥2§ct(dq9@§)frorﬁMr a@stsuch
. as 25 Pocahont§§ ?ﬁlehﬁwh %%% cLl ﬂgdyaayg gmgx§3<not e £ -
: P |og%taly5|s or

- Biocatal ytic de rizati-on BDS he exci si on
(liberation or Faigdy mesmrbalims and hreak r%@tﬁ% er?B?i‘ﬁ'%ﬁmds
I ncl udi ng ref raﬁbggy-c,@ry@g_@@sul fur 30 corrpounds such as sul fur-bearing

et e ocycl 5, 85 o T Woany L £, RS S S g et AR
yi el ds 16hetdeatmenti mmmgstdobltélﬁmaaemﬂommmmrﬂs aing Hhat
e eor e oApSAtAN° R WA, %000 oedha oIy 0% G0V bl 44
PCT/ US95/ 15865 as a “substrate foss;l fuel". Substrate fossil fuels that
are rich in thiophenic sulfur are pérticularly suitable for
desulfurization according to the method described herein.
20 Examples of such substrate fossil fuels include Cerro Negro
or Orinoco heavy crude oils; Athabascan tar and other types
“of bitumen; petroleum refining fractions such as light
cycle ocil, heavy atmospheric gas oil, and No. 1 diesel oil;
and coal-derived liquids'mahufactured from sources such as
25 Pocahontas #3, Lewis-Stock, Australian Glencoe or Wyodak
coal. . '

-« Biocatalytic desulfurization (biocatalysis or BDS) is
the excision (liberation or removal) of sulfur from
organosulfur compounds, including refractory organosulfur

30 cempounds such as sulfur-bearing heterocycles, as a result
of the selective, oxidative cleavage of carbon-sulfur bonds
in said ccmpdunds by a biocatalyst. BDS treatment yields
the desulfurized combustible hydrocarbon framework of the
former refractory organosulfur compound, along with inor-

35 ganic sulfur substances which can be readily separated from



each other by known techniques such as fractional distilla- tion or

wat er extraction. For exanple, DBT is converted I nt o hydr oxybi phenyl
when subweogadepo BDS treatment. BDS is carried out %‘(ﬁ%&l‘ocat alyst
conprising one or nmore non- 5 hunman organisns (e.g., ) t hat
functionally - express one or nore enzynes that dlrect singly or in
concert with each other, the renoval of sulfur from _ organosulfur
conmpounds, i ncluding sul fur-bearing hegerocycl es, by the selective

cl eavage of carbon-sul fur 10 bonds i.n said compounds;. one or nore enzynes
obt ai ned froneach sthérnbyrknowantechniques suchuae Q&a&t&&nﬁﬂcﬁ¥§H¥TTéﬂm

d b [ t f d
and enzyres " CLg0uk iAo EXBLbt b OFpkUALLRE Dl Lo corotend o 1
referred tC)Pkﬁ%Qﬁhﬁér%ﬁthphsgyl when subj&psedntonBDSntreatment!.0 BIS
i nproved renoygl cfried SikfHy argﬂa&aeang st Uy eﬁg%g nbRd. 8;93.9' G S fur

nol e- ul.es conprisipg ad a rate-enhaner: g
protein toSC t H@'ﬁ%%ﬁ?‘% m%ag%b er o ‘F"-EEQBFQBPF-EI“EQ that funi:osonlalflwel to
fT ﬁcu |b itate loremmeomé ect Ioré r enspnes thaEOd'lbécﬁ t8inghe %lrt ‘ind "

e biocatal yst sulfuriz 0SSi oyed herein
are, generalr ﬁ%ﬁé%&ﬁ#ﬁ?t%%g§.$éh lhc#ﬁgeﬁem°va$rEgnFEFSBFggEPE%B (vi abl e
and- non- V|aqugannﬁn&iumumompmhnds.nuneludnnylsuhfmrabdarmngne
preparati ons hederocy cle%"% 'thé“’EéléG@.{? cféé('?aégpﬁft ngyhgﬁ gul%tg'trf ai ns

nodi - ficati on Of natura | y-occurring bacteria rn
capabl e 30 chonid iin rRpBBICOMBEYRESE ,0n¢e Jor more gRzywmes(Cohtainredy from

3:69-79 (199@hchfﬁléﬁéﬁrgahismsﬁﬂﬂr a mfkéurébdfesuéhsmlgﬁosggayﬁsms ‘
4,562, 156 (19853 and 30 :%%qt y eﬂﬁi Chem  En ogr ess
63-67 (1984). Fre ’bgﬁ'{' ‘E‘H%%e Ht <P H%EﬁFF?JYF%e petivity
nonspeci-fi calang mﬁhrmdaase Isetdin as béindg oDezdf S@ﬁénlsmsoiiﬁaal taskl fur
i otgh b BhEltal WUS ad ULy Yol edbirzeg {Wohe¥XELH" 38 nEThg' Bl
derivati @8 of a mmhgnlnventhngrg#qteputo the 1mproved removal of '
PCT/ US95/ 158@ulfur from fossil fuels contaznzng organic sulfur mole-
cules comprising adding a rate- enhancing amount of a flavo-
protein to the blocatalyst capable of desulfur121ng the
fossil fuel to fac111tate or enhance electron transport to
20 the catalytlc szte
The blocatalysts capable of desulfurzzzng fossil fuels
'_employed hereln are, generally, known in the art. 1Included
are mlcroorganlsms (v1able and nonrvzable, recombinant and
non-recombinant) and enzyme preparations
25 ~ Several 1nvestlgators have reported the genetlc modi-
ficat;on of naturally-occurring bacterla into mutant
sﬁtuins capable of catabolzzing DBT Kilbane, J.J.
'nggn:‘ cons. gggzgli 3:69-79 (1990), Isbister, J3.D. , and.
R.C. Doyle, U.s. Patent No. 4,562, 156 (1985). and
30 Hértdegan, F. J. et al. ghgm_ﬁ Eng* E;gg:ggg 63 67 (1984).
For the most part, these mutants desulfurize DBT
nonspec1f1cally,.and release sulfur 1n the form of small
organic sulfur breakdown products Thus, a portlon of the
fuel value of DBT is lost through this mlcroblal action.
35 Isbister and Doyle reported the derivation of a mutant




-'7- strain of Pseudonobnas whi ch appeared to be capabl e of

sel ecti vel ' ﬁti ng sul fur fromDBT, but did not eluci- 0 lgsé.’he
nechani sm responsi-bl e for thi;s reactivity. ... Ki'l bane has reported
the nutagenesis of a nixed bacte- 5 rial culture, producing one which
appear ed capabl e of selectively liberating sulfur from DBT by the
oxi dative pathway. This culture was cofiposed of bacteria obtained
fromnatural sources such as sewage sl udge, petrol eum refinery

. wast ewat er, gar deprasioi lof cRedudemonamtwivichtappeared dto betcapakbhe of

mai ntained in c qu‘l@; %éﬂﬂﬁ tihghpl O r -
deprivation in tgne pr €sence lifur £ f&ﬂrewm?%ﬁgigx%%tseel?%l

the chemical nutdafen thenneghanism re\ﬁpﬁfﬁ-‘éﬂl@ k¥ JSRR FRIFHEVLGYie maj or

cat abol i ¢ product of Kllbar@-ﬁ'xd@t)?é?&t@éa byhé hn@taga;@éaw%ftae:nmed bacte-
hydr oxybi phenyl ; 15 sulfur

eased as m@lrgﬂ?n C waéer %‘g e
sulfate, and5 TiahSHhtHtRar ‘f:ﬁ)’rrf'go?fl%f whi RERTE  CHRARER ©
essenti al - ée/lédttmélpslmemtmgnqunlmner@tom DBT oy ethed . dxidariver .

Cons. Recycl 79 19 t ed
her ei n by referé’r?c 3& Qﬂhs %}ﬁf%ane%as a@ﬁs% |sor%€e cter 5 §B£€${5lé{i\ of
Rhodococcus fronﬁ:tdm satweal eeurces | such tas csewage ﬂ%pdge. pe'amleumss or

- ATCC No. 53968, élfirtdz&é’llé\ﬁﬁ/ef’reéﬁd&@ soil, bé@@ﬁt@éﬁ’séoﬁ@émﬂﬁStéﬁt h
t he i nstant |nvent|o he 15s0| a- nand‘.él:}f| aract eristics . of

t hi
mutant are ddscride 9EC 26 FRA MRintained j@ | guibEuTe) Wden cop ?\ans “of .
5,104,801, the contifasis gslHir V&ep‘fu'@aeumcm pcheat preseneénoPfyDBT. The

f .

Gl ture. Gol | ect iDHLEURRYES TR0 TaaSed F8 FEEohéRtca], hiaghh' i CRECRVES
U S.A 20852 undia-rnittnso-tHm:stmscnmeanis@lneuda’bbstma]@at9atahqlhasp§eduCt of
designated as A :Lsm b Pé"%@ca@ecﬁ 428! Gad Th{rabBxyB3Bfiényl ;

bi ocat al yst prepa- e |%\bmcu |ture of ‘ﬁ*é [Tving, m cr ool gani sns,
prepared 15 gﬁl&@l‘ywa% wrleased RS nllEP@a%‘Fe‘ﬁ?t?\B's‘B lubkeggyliage, and

nutants or deri wald pd+&@4 £1%én &s&-héﬁeefeﬂﬁdmﬁopée@aéaremaﬁnéaoassenual-

Eg%fbggg, 2[—,8215'6\1_1%(: J{\Ir?tagg 9258 t%ncr:rrlxjygnt:%ykweﬁenyl Kllban%/ 37340 Resour.
Cons. Recvel. 3:69-79 (1990), the teachings of which are
incorporated herein by reference.

20 Kilbane has also isolated a mutant strain of

Rhodococcus from this mixed bacterial culture. This mu-
taht, IGTS8 or ATCC No. 53968, is a particularly preferred
biocatalyst'for use with the instant invention. The isola-
tion and characteristics of this mutant are described in
25 detail in J.J. Kilbane, U.S. Patent No. 5,104,801, the
teachings of which are incorporated herein by reference.
This microorganism has been deposited at the American Type
Culture:COllection'(ATCC), 12301 Park Lawn Drive,
Rockville, Maryland, U.S.A. 20852 under the terms of the
30 Budapest Tteaty, and has been designated as ATCC Deposit
‘No. 53968. One suitable ATCC No. 53968 biocatalyst prepa-
ration is a culture of the living microorganisms, prepared
generally as described in U.S. Patent No. 5,104,801 and
mutants or derivatives thereof. Cell-free enzyme prepara-
35 tions obtained from ATCC No. 53968 or mutants thereof



- 8- generally as described in U S. Patent Nos. 5,132,219, and

5,358,870 can also be used. |In the instant nethod for bi ocatal ytic

desul f uNQ1794¢ (BDS), the ATCC No. 53968 bi ocat al yt peTAgegissis .
enpl oyed kn a continuous 5 desul furization process for the treatnent of

a petroleum - liquid in which HDS-refractory organic sul fur nol ecul es,
such as the aromatic sul fur-bearing heterocycles, consti- tute a
significant portion of the total organic-8alfur content. 10

There are at- l.east two p033| bl'e types of pat hways whi ch result in the

specific rel SERETRLLY) 39,95 in U.SoxPagentycNaad Fedazi 2o, and
Preferably, &) 356,410 arl 318> be ) mtﬂi‘@hﬁéﬂaﬁe ﬁxgthgﬁe or
way

Ex | f t t' b t
prgggr EGI'[SI gnsgﬁqﬂ(ﬁ%ﬁh”f %?%uls{}?’fgﬁgf?%ryﬁég ?leg'ﬁql:égﬂ?al §395ﬁn t he
present hiocatdlytindgait tie enploped! J.moalsodsﬁtiméﬁsm xture of

|
A B R ‘rd%&" ‘S%%Q AL 0E, (2e8eng of a SeFpglaum |
U.S. Patent Ndquisl dop wigsh ctomy Q:gaMEulﬁuﬁOﬂoBG&uleQIiUEd

r. 14, 199 6, 8. 01,
ép358 870 [ a%?glﬁ #ééie?“r%“aa "T% leﬁ%aan 19'591(0}?5 %ﬁé" des%??ur | za‘fg‘8§é
Future PrEESSe & S390 any ROK P otal prganig sul PufTSBURCH

COAL CONF. 3?:3:1&&2;]1; and 5,198, 341 (| ssued I\/ar 30, 1993); 25 and by Onori

et al. 892) I rizatiqn.of di henzot ophene by_Cor ynebact eri um
sp. st ralln SY1, 5 are q:Er‘?\F tCFS('ﬁ BOS§IY© HYRAS 9f Paghwaysuni et
al ., Appli edWthhammn don et apdaxﬁmlmlngsémﬂ&MBr(ﬁﬁﬁﬂ)Dﬂrl (

i ncor - pgﬁhﬁ@lw Qrd %Jﬂﬁ‘g‘ce Pz%e %Ph% %%é g ?%é)%%tgl on

m cr oor gani spe can function as bi‘ocat al
because each E;Féd&éé?way %129( ﬁﬁ;r]é’"@ﬁz-yrréi‘mlcﬁ%l mmmargsmsgmshat

carry out  thakeagRedy ithighemichit ivad tQ'M L%& whfdh ‘
B oHEM STRYE %%%ﬁr%&?fﬁg?#’??' =d'; C%é%s ae“”' ”536 Fi
PCT/ U895/ 1586avent:l.on include the m:.crob:.al consort:.um (a mixture of
several mlcroorganz.sml) d:.sclosed in K:.lbane (1990), 3
Rssoun CoNsSERV. REcCYCL. 69-79, the microorgan:.sms dlsclosed by
K:.lbane in U.s. Patent Nos. 5,002, 888 (issued Mar. 26,
20 1991), 5,104,801 (issued Apr 14, 1992), 5,344,778,
. 5,132,219, 5, 198 341, 5 356, 813 5 356,801, 5, 358 870 [also
| descr:Lbed in Kilbane (1990) . B:Lodesulfur;zatzon Future
Prospects in Coal C'leam.ng, in Proc, 7TH ANN. INT'L. PITTSBURGH
| CoarL CoNF. 373 382], and 5,198, 341 (issued Mar 30, 1993);
25 and by Omori et al. (1992), Desulfurization of
dibenzothiophene by Wﬂm sp. st:ra:.n SYl 58 ApPL.
M chnoa:o:.. (No. 3) 911-915; and Izumi et al., Applied
and Env.ironmental Microbiology 60: 223 226 (19%4) all incor-
~ porated herein by reference.
'3_0 M Each of the foregoing m:.croorganisms can funct:.on as a
| _ b:.ocatalyst in the pPresent J.nvent:.on because each produces
one or more. enzymes (prote:.n blocatalysts) that carry out
the spec:l.f:.c chemical react:.on(s) by which eulfur is ex-
cised from refractory organosulfur compounds Lehninger,
35 PRINCIPLES OF BIOCHEMISTRY (Worth Publishers, Inc. . 1982), p.



-'9- 8-9; cf. Zobell in U S Patent 2,641,564 (issued Jun. 9,

1953) and Keowemtegel . in U S. Patent No. 5,094,668 (issued pCTNSSS/1588%), -
1992). Mutational or genetically engi neer ed derivatives of any of the
foregoing microorganisms, as~ 5 exenplified by the U S. patents listed
above, can al so be used as the biocatalyst herein, provided that
approprlate bi ocatal ytic function is retarned. Addi ti ona

m croorgani sms suitable for use as the bi ocat al yst or bi ocat al yst
source in the de8u®fucfzaZdbell 10npPeSesBakentdesétlpBfi4cdhspuedeied % r om

natural Iy occur- 1953) §hA9xELAT 88T 42N $ABULY, kpat\enteﬁam 81654, 4885k skaelh
above, these methods invol ve culturln‘(g%&?(E arations gnlsns

;
obt ai ned from ndfa¥ al 18out282) suchusa or gen@FbﬂﬁélypEFgépsﬁﬁg
refinery MBStEMB&Eflvsaideﬂ Gﬁlhnyobfcahé féﬁegbangcmmtnabngandsmsuIasnder

sel ective cul ure COﬂfé% tg?ggh§2u§$téggsﬁlgégg&QQBb@QE aLe 9188Npkn

t he presence
sulfur-bearlng usedhaSetheybheeaaelyaG berexaulpnpvgdgdcéhaéxppprngrunée

m er o- bial ppeRaLFLER EgncheshCsh PecBiyahcal mitagens; or a 20

combi nati on of t ese ne tec ni ques are, recount- %
| sbister and Doyle |nA@ﬂsﬁlpgﬁénF1R5°°!95925T§65u1ta gﬁsgagduesca93£ e
1985); by Kil bangjb f§§€UB PObSERY1yst soREE¥Chin ERe78e6hd80)izbtSon

. Patent. Nos. 5,002, 888 104, 801 . and

. facili- t at

. coworkers inl®g EFPEeSEhHOW dgsfrihes epn gﬁbge§}V§§1%§T§ %?gn%filXIPccur'
. incorporated by r&£h§'microorgantésms by knownAsechpliqueed astseteﬁmynhs are

: protein_biocatalég%ﬁ8 OEgeggdﬁegﬁobbviﬂgogg%I5ulEﬁ§¥H§s ggg%gaogbrg t or

ence o tion_or
- series of react|mnsr90395nnsmstQbﬁélaeéaﬁFﬂ@yPaEPFﬁéuﬁ°urcestﬁéﬁ?e?§e§ewage

becom ng Consunﬁglaa FéﬂkbléﬁﬁrQﬁflneEQZWEB&ewaterQagarﬂehuﬁélQoed@'coal
nore unnodi fi ed ransl| at.i on nodi.f.i ed

pol ypept i de %ﬁalﬁéroF°PFéBﬁ§ﬂF§ soi oﬁnﬂﬁFtF8i§c¥ﬁ3Fe8P £eptitions in
coenzynes, cofacwRiéh the aﬁceabegahasms ahecbrowhléntthelpreaEabpzefthe

gg;}b§85;iggé5' refr¥%£89§ orggnosulfur compounds such as sulfur-bearing
heterocycles as the sole sulfur source; exposing the micro-
bial preparation to chemical or physical mutagens; or a
20 combination of these methods. Such techniques are recount-
ed by Isbister and Doyle in U.S. Patent No. 4,562,156
(issued Dec. 31, 1985); by Kilbane in 3 RESOUR. CONSERV.
RECYCL. 69-79 (1990), U.S. Patent Nos. 5,002,888, 5,104,801
and 5,198,341; and by Omori and coworkers in 58 APPL. Env.
25 MicroBIOL. (No. '3) 911-915 (1992), all incorporated by refer-
ence. _ ) _ _
' As explained above, enzymes are protein biocatalysts
made by living cells. Enzymes promote, direct or facili-
tate the occurrence of a specific chemical reaction or
30 series of reactions (referred to as a pathway) without _
themselves bécoming consumed as a result therecf. Enzymes
can include'one or more unmodified or post-translationally
or synthetically modified polypeptide chains or fragments
or portions thereof, additicnal coenzymes, cofactors, or
35 coreactants which'collectivély catalyze the desired reac-



-10- tion or series of reactions. The reaction or series of
reactions relevant to the present invention culmnates in t he excision
of sul f YOP#IMA he hydrocarbon framework of a r ef r acpeToSoS/s8gosul fur
conpound, such as a sul fur-bearing 5 heterocycle. The hydrocarbon
framewor k of the forner refractory organosul fur conpound renains
substantially I ntact. M croorgani sns or enzynes enpl oyed as
bi ocat al ysts in the present i nventi 60 advant ageously do not consune
t he hydr.acar bon franemor% of the forne*Brefractorg -organosul fur, 10

h

conpound as &% 5 SRR Torr RO e E'AFtLioRheT s‘?""1-1=38evaaI ue
of substraterfemioﬂmetsle!wamsetbtthsq&esent inventtrcntcﬂ!DQSnaates in

deteriorate. exc sj[% @ﬁ%lflﬂ &hc&lggr u1 ré gggal%gﬁg%g ) can

be used as t e bioeH erern s i S no yF| c
enzyme prepar‘-’&ﬁ%qmw%gﬂw £1T j sompreund, ?M cas ansuhfunﬁbearb.nge

mi cr obi al g Y RO TEC! SThe hyd¥GE4 0K f%&éﬂ&leﬁ% &' £8¥hkLi ed
products obt ai %FY . convent] onal - neans and c bI e of carryirng out the
desired - %&ﬂ W CTIANF Y- UT (ERRPAMS %'En% n3yhetanthatdyi ons 20

are subst ant iialtaet remr&md&mimsrmbla’azxaﬁé SempXoyédnss bioaaealysts

Mont |l o di,scl

ner el n i n U SF phe rraasns LEBAAE Raralitadludty ' dq noyidofetiy HhS

5, 358, 870 (f inydiraharban, fnamaz»)qu o:uf the eﬁmpﬁm réénmsekyeorganoduifhnse
nbi t t

Rhodococals %‘fffp‘b‘”’ﬂﬁ%&%&@%@ taB#f“?%‘? 18 o PEORREE] Cfng O

Patent 5, 356 f%ed W%I o}s expesedcto BDSokrest- ¢

herei n can oménctnaidég bﬁ;@.fdea@ﬁhdﬁa@sd [ d sup- ' port, e. g , a

menbrane, filter I re5|n | ass_30: . partjcles: or r ceramc
particles or beadﬁot%%?el d?‘g‘f‘fﬁﬁ}[ﬁ?f} eh2 9w’ p?eﬁ'éf'é‘t‘FBﬁscan
facilitates ﬂ:lee\mthra the bievatHlysie hexein Al ysis fismobereqabted. f ossi | f

Tgelt h\ghlbl ocatBé'ﬂ yti c gétgl%jf urﬁ;zng%jl on %ge ,Pé‘y t?é@ﬁ#?dégéé#%ggfﬁogﬂgl

cont ai ni ng sPrEgeednvaptian ingiyde microbialyd mqqmoextracts.
PCT/ US95/ 158@%actions, subfractions, or purified products obtained by

conventional means and capable of carrying out the desired
biocatalytic function Generally, such enzyme preparations
20 are substantially free of intactlmicrobialicells. Kilbane
- and Monticello disclose enzyme preparations that are suit-
able for use herein in U.S. Patent No. 5,132, 219 (issued
Jul. 21, 1992), and 5,358, 870 (filed Jun. 11, 1992), for
example. Rambosek et al. disclose recombinant ‘microorgan-
25 isms and enzyme preparations, engineered from Rhodococcus
sp. ATCC No. 53968 and suitable for use herein, in U.S.
Patent 5,356, 813 Enzyme biocatalyst preparations suitable
for use herein can optionally be affixed to a solid sup-
port, e.g., a membrane, filter, polymeric resin, glass
30 particles or beads, or ceramic particles or beads The use
of immobilized enzyme preparations facilitates ‘the separa-
tion of the biocatalyst from the treated fossil fuel which
has been depleted of refractcry organosulfur compounds
In the biocatalytic desulfurization stage, the liquid
35 fossil fuel containing sulfur-bearing heterocycles is



conbined with the biocatalyst and fl avoprotein. The rel a- tive anounts

of bi ocat alywglesapde f| avoprotein and Iiquid fossil fuel ,dggywyst ed
to suit particular conditions, or to produce a particular |evel

residual sulfur in the 5" treated deeply desul furized fossil fuel. The
anount of bi ocatal yst preparation to be conmbined with a given quanti -
ty of liquid fossil fuel will reflect the natare, concen- trati on and
specific activity of the particul ar biocatal yst used, as well as the
nature and rel atdonbiaietdeirie e Mibcatalystiandnflavoprdtesm! f UThe rela-

conpounds preseni, \}é"h%x@&: ts ofé%fé%a?ﬁ & Zﬁldffﬂvmé%dﬁ%eﬁﬁ jgeep

desul furi zati on soug consi spec

activity of a glﬁm-ﬂ oﬁi&ﬂhlw be %@JUSt%a%Qur%uﬁ PQ%tJeﬁWaq:?%@%:thns- -
activity per unide n@s Af@lélpﬁ&tflev@rtwl;&e/smu@l PeilfeH! 8A the

bi ocat al yst de ends P ture,_or, r oor gani sm ysed
or used Y p EARSY #eﬁﬁ’h%%ac? efutferizs g’ajg %é?rf as ’8 g b

dures used for mmumwcﬁmpaaﬂim télebdmn:mabahthw:.th aprgi:mntqmantl-

The concentrati qn ol 3 PALL CHLAL: PLAGRT AYPE 206000 Nnehdiled, agoflesh! o

for use in parti nces
| i ving microor- trat:.cgaramdrsszé%cgf;c ﬁﬂmmY%@M’}e |gamh%rtln@ocatalyst

bi ocatal yst W JUEPAUSLYOM ds St A EuFy! dol CrdIPAN 108 | e inge SGE T LT

sour ce ot her t han sul fUr - bear i ng ferocycl es can | nocu- 25 | at ed W th
sui tabl e ni dborigergani arand SFEARER fyr aC°mP°%<§$ RELIERE IR BRRsity
is reached. Theumsitdtdorsasilrfuel asdnclhe dedréedofidéepdditional

di th b] uf f t inthe
Culture can be desylavtiganion Soidhe &F FhdliMAa Fodploter. |0 T8
30 " greater concentrahemrspeaifihacuivitye of | gigiver biccatalyst The a
concentrations %eﬂﬂ@oéﬁaﬂé%f@&ﬁw@cvoﬁﬁﬂ S:'S x unf@anESadJ PREEd

simlarly. In this manner, ‘appropriate unmes_ of |oca taly
pr epar at i ond-Shawihey gpegit e rﬁ¢1"e¥iV1tY %%e%@?’éth%‘ﬂ%tb&c%%lﬁt depends

concentrati ons i tife AddBlF€br ident MW 96f 171énicroorganism used or used
PCT/ US95/ 15865 as a source of biocatalytic enzymes}%as well as the proce-
dures used for preparing and/or storing the biocatalyst
preparation. The concentration of a particular biocatalyst
' 20 can be adjusted as desired for use in particular circum-
| stances. For example, where a culture of living microor-
ganisms (e.g., ATCC No. 53968) is used as the biocatalyst
preparation, a suitable culture medium lacking a'sulfur
' source other than sulfur-bearing heterocycles can be inocu-
25 lated with suitable microorganisms and fermented until a
' desired culture density is reached. The resulting culture
can be diluted with additional medium or another suitable
b&ffer,'br microbial cells present in the éulture can be
retrieved e.g., by centrifugation, and resuspended at a
30 gxeater concentration than that of the original culture.
The concentrations of microorganism and enzyme biecatalyst
can be adjusted similarly. In this manner, appropriate
volumes of biocatalyst preparations having predetermined
specific activities and/or concentrations can be obtained.



¢

Fl avopr ot ei ns whi ch can be enpl oyed herein include those generally

known in the art. Flavins include flavin nmononucl eoti'de (FMN) or

flavin M@AEW4i nucl eoti de (FAD). - Flavopr ot ei ns i nclpedfysol/fesss .
reductase or FWN reductase. 5 Flavoproteins, such as flavin reductase, or
nore preferably FMN reduct ase, can be used directly as found in nature
(e.g., a mcrobial fraction which contains the flavopro- tein),

obt ai ned conmer ci aIIy or can be made reCO‘rH%'nantIy - For exanple, the

DNA sequence of o flavin %g se.is 10 set forth in Lei et al., J.
Bacter. 176(12): 3 Ivapote eins S benemeloved hereimnincinde

sui tabl e hostthose Ggeneralbygemomm s the kaﬁtMlA: Platiena’ Lnandqdi ?‘iﬁ%‘iﬁd in
us. - (o) tern

f1 avopr ot ¢ el n can rg&]t%’?;endg%‘gli)uért%f%%ena%gﬁ‘ﬂﬁ?| gaFPS#ZQS’-d& dEADAyst

such as the ddavapretéingtinmludscflaein redbetase or FMN refiiceaseher
nmbodi t

embodi nents,  FR_VIEPEHE M E) rbtféﬁ‘u% %%avfﬂ%%ﬁ;@é?ﬁé h8¥ lrngﬁe pRreferably

desul furi zation m cyroorganism (s
acconpl i shed FMbE 88, |[RA e gised Birectly as feundeinunagure i ncl ude

radiation, e.(@.g.4yl ta adrobial | BfaceibRiwielch AEh €L Cé‘he mE% §§Pf such
ane

as N-net hyI It roso anl di ne droxyl am ne, yl net onat e
and ni t rg&slnatdl ri’t %{%é PHETRE qu%%e aEeeraPagantly: o
met hods geneFgix pﬂam&e,l rtheheDm tsecﬁﬁence of Wibseid hﬂiirmogéaﬁ@tasésls

recombi napt , s@te YL % GHY et L£F. TBFE BLL }“Szgé' %g%% gg aﬂd' tion

of a reconbi nan micr oor ganf sm whi ch con aln i ch
encodes ARG apRst Gan Pe used trrtransfory aravitablie chbsti mboro- (

the reconbi na&gamlshp@rsgqrs KAWL A ehd higed 'aﬁif&mpé@&é”sé&%@' goaﬁgfzesfﬁz
X

t he enzynes able rizi t he. fossil -

DNA eandl ng* ]a P%t e%ﬁggé B@”‘E re&??é'm?r%d Alkernatitely, abbeher

m cr oor gani sﬂavopcrmdilre cain (s WHay laidtsgendu:sssud t‘fh@'desﬁI‘f@fQ&Q@ioﬁxam u
ple, theg E)NAbEtBEQ@ ttheéu \c/)%[g Yl 1 ce.'l.n %rm“t Ay uslt¥ %escr:.beq\o

I ndependent | ransr armad 5 conmon el
96/ 17940 elow. _ PCT/ US95/ 15865

-13- In another embodlment, the flavoproteln can be
' overexpressed by the desulfur1zat1on mlcroorganlsm (such as
IGTS8). This can be accompllshed for example, by mutagen-
20 esis. Suitable mutagens include radlatlon, e.g., ultravio-
let radiation, and chemlcal mutagens, such as N- -methyl-N’ -
nltrosoguanldlne, hydroxylamlne, ethylmethanesulfonate and
nitrous acid. The mutagenesis can be conducted accordlng
to methods generally known in the art.

- 25 .' Where the flavoproteln ls recomblnant, ‘the proteln can
be=made in situ, such as by the addltion of a recombinant
microorganzsm wh1ch contains a DNA sequence which encodes
the flavoprotein. In a particularly preferred embodlment,
the recomb;nant mlcroorganlsm encodlng the flavoprotein

| 30 also possesses the enzymes capable of desulfurlzlng the

| f-38il fuel. For example, the DNA encoding flavoprotein
cz be transformed into IGTS8 or another microorganism
capable of desulfurlz1ng a fossll fuel. In another exam-
ple, the DNA encodlng the flavoproteln is 51multaneously or

35 independently transformed into a common host cell with the



DNA encodi ng the desul furization biocatal yst. The DNA encodi ng t he

fl avopr ot ey e, for exanple, under the control  of r
deferente%@Eﬁg?%@ as the DNA encod- i ng the,biocatalyg?ﬁgg%ggﬁggof
desulfur|2|ng t he fossil 5 fuel. In one enmbodiment, the flavoprotein DNA
IS 1 ncorpo- . rated or ligated into the desulfurization gene cluster or
operon of | GTS8. The fl avoprotei n-1%-added to the reaction

m xture in a r at e- enhanci ng anount. "Rate-enhanci ng anount," as
defined 10 herpNA, eh&od&ng'rmhet delsudf uiiiziatiognbiiocanalysitncr ehee DMae

For Coxarpi o whEPEOHEE, Ehe dlaYoB Bt A kg be' 8 Baipre, Y BEE
purified en%ynecpntpaﬂabfonheheamefOr differenst promoses; AS AeuBNA encod-
flavoprotein i Slﬁ? @%“B&o%%ﬁai%sft' 4 E:‘iheb'f H@%hlfhh%‘iﬁg kR R ddat

i nherently presen I gcat yst as g btalned, wll significantly
i ncrease 5 t fuelat e I8 opes eMbeAingnton thend ngeref:e&@s%#z&ﬁmo-

can be increaseggtk@r o2xa Qedbln&b kRes dedufurd¥atich0d¥ne cluster or
conparison to the rate %ng ng t he biocatal yst per se. 20 - As
summari zed abovE@PeFRE P 8n descri bed herein rel ates in one aspect
to a DNA nol ecul e or Theaglavopriotedaf is addedntai rtmegraag:an@mrmgmm vilm &h

encode a fl avopr / bIOQ | Wl f
Fosei | fuel " eaBsanpanciPel sfouhes O E‘?%%%%%S‘%W RO #’eﬁﬂ
25 fragnmeni0t hbegefingad shanpamounsd whdeh sdild: sdapik igensilyedncreass &

e.g., a natural ,geWr 6% d@sulFuiataeaTdnahe Hl@ic%!talyst @@Mﬁ;ﬁfally
forelgn) DNA that 1s present .in a.non

n ho t jorga he
fol | owi ng d|scu??FéHneﬂhlCFQQSexamplﬁbtwPﬁrﬁbt@5n§FFﬁ%% g 5 éﬁ?t %he
invention in anwewayfr@& Euactd opr exepued fied pmmgmﬁegn@paﬁauxunwﬂhereof

t th | t fs ' t
from sty 8 A B eRROABREiaR, ArpUHRe A F14nrgteid 1% M et or
express sui L8bl élbwopa:‘o&leym ¢thatt,i it pdditHion oo martednherer&lmaupraﬁent

Rhodococcus is ghs £has %q.o'd&tul§stpitse 'Hbtl}ﬂned35 vﬁ.,ljlo‘bl% ficaitad, LlitDease

t he teachln s of which %
PCT/U895/15865 the rate of desulfurlzatlon The ratfuof desulfurization

can be increased, for example, by at least 25%, 50% or 100%
in comparison to the rate employing the biocatalyst per se.
20 As summarized above, the invention described herein
relates in one aspect to a DNA molecule or fragment thereof
containing a gene or genes which encode a flavoprotein
‘and/or a biocatalyst capable of desulfurizing a fossil fuel
that contains organosulfur compounds. The DNA molecule or
25 fragment thereof can be purified and isolated DNA obtained
from, e.g., a natural source, or can be recombinant (heter-
olégouS“or foreign) DNA that is, e.g., present in a non-
human host organism. The folléwing discussion, which is
not to be construed as limiting on the invention in any way
30 byt is preéented for purposes of illustration, recounts the
isolation of DNA encoding a desulfurizing biocatalyst from
a strain of Rhodococcus sp. ATCC No. 53968, that is known
to express suitable biocatalytic aqt1v1ty. This preferred
strain of Rhodococcus is disclosed in U.S. Patent No.
35 5,104,801 (issued 1992), the teachings of which are incor-




porated herein by reference, and has been referred to in the

literature as | GIS8. QO her organisns that are known to express

sui t abl ewia9saael ytic activity and thus are vi ewed S%é@hé | e sources
of the DNA of the present invention 5 include the strai 865| us
sphaericus described in U S. Pat ent 5,002,888 and deposited with the
Aneri can Type Culture Collection as ATCC No. 53969 and the
Corynebacteri - um strain descri bed im_eri et al. Appl. Env.

M cr obi ol . - . 58(3):911-915 (1992). o Mut ant strains of

ggdgfggﬁgzdtgﬁe;ed herepalbby uéfergnﬁEeiandghg?(r) ??E?S%fﬂérrﬂw% F\,{O@z ),
53968, - t hat S ﬁﬁ’%ratu oggt ggi%:éc agi2 | $§P§ gﬁglgmﬁuf:g&gna&'ﬁd&n%b@
priate condi t?meﬁﬁaﬁu%ﬂ?ébkﬁomoﬁétaiytéadabyia’stgr aadnthis azle &ilewedose
skilled in thﬁsaéﬁltaﬁlletééﬁ?céytéﬂeﬁﬁe' BNA of thi ﬁrEggh_@ ?“X %ﬂ%

ul travi ol rad and g FRERRn,; ¢ o-
ni t r osogu %f‘(#ﬁ(ﬁhe Strﬂ%rBgypéﬁﬁﬁéuseﬁﬁﬁﬁﬁﬁtlﬁuﬁegssph‘dba'de ipERB)s .and
ni tr;)us . aatr:t-:nt I\slmmssaauando%epdsae$dakheneahéom§9 chi itg&@ppf?- 20A
priate nediu c ur ivity.

et hod of soralywE | COLEEar Pon 8P RReA by (59888 EndCtRE! corvambapteri-
car bon- sul furu%cﬁﬁr%i@mrwtﬁvinyomerl etsalt aAppll. NnEnke RECRepied.t he

present invengd g, 9&1119{)56 992)Tet hods of screening for this activity
I ncl ude e0005| ng the 25 d|¥ erent _nutants to carbon-sul fur bond contai ning
nol e- cul es” ( dMGfFantEfrains n%%s@?‘?ﬁ@ceﬁfﬂ'ﬁﬁntbﬂtfGrebmndaphb&e of

age. In a preflyavihe hsbdRidul fle Boidd! D8 e) SXPAS¢ v\% uce ?l (

that the bre kdovvn rod.uct tw é’b henyl HBP)

under ‘short % %‘?ﬁ" 5§ 7 od RESE 1‘“PiBPs;éaﬁsal §ba§e

det ect ed col @qh:é:ums:ab:lqcatalytummi\t:stw umorsamht@geﬁr@ﬂgéi- 4bpPol bbs'
reagent . H?ﬁtsj 0 ra | nf.ra-
red and nucl &ar s L1t gnetic reésﬂdyr;lance sp ectrorrvrbsrk'oéjé %mé ﬁlfﬂoﬂgﬁéfﬁ?lgr
Appl i ed &Rd Emﬁ ai'rréah%e mltirldm%lsdgwh%artpp m:ltamae (m9e2yenadiif-| bane

and Bi el aga, cHude rfadidtion, e. W erdBitiblet di
and Bl eLa%a a\Q e ra 1at1.on, an% chEm:Lcal

Contract No. "DE2HERPrg8pE3gol- (“ﬁé'%l Ml 450~ nltrosoguan:.d:.ne (NTG) ,

hydroxylamine, ethylmethanesulphonate (EMS) and nitrous
acid. ‘Mutants thus formed are allowed to grow in an appro-
20 priate medium and screened for carbon sulfur bond cleavage
activity. A method of screenzng whlch allows for an accu-
rate detection of carbon-sulfur bond cleavage activity is
suitable 1n the method of the present lnventlon Suitable
methods of screen;ng for thxs activity 1nclude exposing the
25 different mutants to carbon sulfur bond containing mole-
cules (e. g.., DBT) and measuring carbon-sulfur bond cleav-
ige: In a preferred embodiment, the mutants are exposed to
DBT, such that the breakdown product, hydroxybzphenyl
(HBP), whlch fluoresces under short wave ultraviolet light,
30_ 1s produced . HBP can also be:detected_colorxmetrzcally
through its ‘blue reaction product with Gibbs’ reagent.
Other methods znclude gas and 11qu1d chromatography, infra-
red and nuclear magnetlc resonance spectrometry. See

, Kodama et al Applied and Environmental M.lcrobzology, _
35 pp. 911- 915 (1992) and Kilbane and Bielaga, Final Report



nmutants are identified and isol ated, clones thereof are pr opagat ed

usi ng standgpYehfhni ques and subjected to further anal msgmﬁf_f,
Concurrent wth the nutagenesis of the above-described culture.of 'the

Dsz+ organlsm Rhodococcus, .a,second culture of the same Dsz[err]
organi smis maintained in culture. Dsz+ organism DNA is extracted from
this culture of Rhodococcus. Vari ous netbbds of DNA extraction. are
suitable for isolat- 10 ing the DNA of this organism Suitable methods

i nel ude - phepQb. &nd Cohltaaetto No .e DE-A1212018 8 PESSE MNAN1M919 et Crice Dsz”

Mol ecul ar C onin abar at | [

Laboratory Pr ess%uﬁa %é %Ee %@I@' %rdela%l%ré&g t?y Qﬁone #ﬁ%%oéﬁls %t
al. 15 Onprophgabed using stendard mmm srumemted fo
cut into fragrrengargkeéaahgq%slgg obase | engt hs, whi ch upon cl oni ng

into a suitable plasm ttle vec or collectlve ke .up a )
library. Vari8us neth&@BCHE § [t agenq%bg i %Mﬁ%rlbed
Eu“ fydDNA theret:hmuﬁenelﬂubmgnézé o&@aalwémf qum ian \s@domh c1.ﬂa:n.1re
e use e.g.,

y n, nechani cal
recognition restf % rr%e samg N8z, PEHGLEL &S Eﬂ%ﬁ. %é%dﬂ%s isD
suitable for orbangmen DNAg itshextitactad tfxsme ﬂfmﬂwcﬂldtotref re@r&lmqicp@om

can be found in WQLALSS iertles o5 DN exchiReid th%o%éammﬁ}f fS1at-

inserted i nto sever al ones of cus

purpose of 10 iiogl Fhend¥hef ﬁi&rﬁerﬂrgﬂnw t FRitaRisy #Jl’d&‘é&‘bfi%/st
of the present i pyaRJ10%ndlRNIITIA Widraiteior Provd -Man:.at:mlséty' a6z-

mut ant cell to a Dsz+ transformed cel | |s evi - c h nserted
DNA fragment encMPdecRlan, GHonird:. A 'zas ﬁ&?‘fﬁqﬁ r‘%‘%’rtac%‘?%&
Rhodococcus whi cnaaiﬂo&v\ﬂ.aboratfary tE:Eesq),t qlga Jamcs‘!ex@r&sﬁ)l.orhexfemmleferred

fragnment is suit ) rred enbodi nent, el ectroporation is
used to i nt igdl?@e%aﬁé'a&%ﬁaf ragrre into Rhodococcus, See Maniatis 35
et al. 18D 96/ 179nge the DNA is extracted from Rhodococcus, the DNA is

PCT/ US95/ 15865 oyt into fra ents of varlous kilobadde lengths, whi¥keupon
t ransf or ned, Dsz+ mut ant. has “been ?:uce
cloning into a sulta ep asmld shuttle vector collectively
make up a DNA llbrary ‘Various methods of fragmenting the
. DNA of Rhodococcus to purify DNA therefrom, including the
'20 DNA of the present invention, can be used, e.g., enzymatic
and mechanical methods. Any four-base recognltlon restric-
tion endonuclease such as TaQl or Sau 3A is suitable for
fragmenting the DNA. Suitable methods of fragmenting DNA
can be found in Maniatis et al. _
25 The various DNA fragments are inserted into several
Dsz~ mutant clones of Rhodococcus, with the purpose of
'.isdlating'the fragment of DNA that encodes the biocatalyst
of the present invention. The transformation of a previ-
ously Dsz"~ mutant cell to a Dsz* transformed cell is evi-
30 dence that the inserted DNA fragment encodes a biocatalyst.
Any method of inserting DNA into Rhodococcus which allows
for the uptake and expression of said fragment is suitable.
In a preferred embodiment, electroporation is used to
introduce the DNA fragment into Rhodococcus. See Maniatis
35 et al. '



i dentified, DNA fragnent encoding the Dsz[err] biocatal yst can be

identified and isolated. The encoded bi ocatal yst can t hen be..produced
usi ng t o ogosy €d DNA in various nmethods 5 that are V\Bh novvn and
readily available to those skilled inthe art. In adBFTiUs

i sol ated DNA can be sequenced and replicated by known techm ques and/ or
ligated to DNA encoding a flavoprotein enploying, e.g., the techniques
described in Maniatis et al. 10 As-méted previously, the

above-descri bed nethod for i.solati ng the DNA of the present invention

can be applied Onrce Dﬁp@rﬂqrnmdgammwm thiasn beeod quaoadutsed and

m cr oor gani sma t f Ilg@.ngﬂ' Baci | | us
sphaeri cus eny(:).f:.%% nggr ; ebact er| um sphegé%ﬁz&a Jbggélsﬁflﬁreoc% t he-
source organ sRti é‘eSNRn@f aesseniThe engeded ikiecataiysteroan e,

once isol at edhenhbeDﬁéodhcbldeuslngOlt@ﬁerﬂsdlra\t@E oA Gap \}E‘n{h SIS HES | Nt O

a non- hunan sm ot-her, tha e source

or gani smng ER%I 8re We Q%Nk newn, fad, &%ﬁl’ W@rﬁ%ﬂ%éﬁ’ ghesargkbiied 20
into, e.g., dnstheabks.stIn addition)ethehiizciated oNrerdam be sé%d&ﬁcéd’pes
of non- hunan S ceI

or gani sng (eaHa regﬂéﬁtéﬁ' B?”F?:b% Rk est g%ul ghggd}gruil{%

mul ticel |l ul aqengqagaagsﬁsflavoprotezg SEP1eMinGds ol -is dihve m@hrtmw of the

present 25 agyegibea, 1hnghg§atggr|e%tbg_ns on the rationale described
-above. { r exanple, fragnments,of zeque ces . fromthe | GIS8 gene

cluster tén be us®8 BSCRGHPFEVIQPELY - pEbSeabPYe-described W@dﬂﬁ%ﬁ DNA
nol ecul es. isolatinghth&cDMAi qﬁesheepmesbnd Heweint ioan cﬁrﬁfbeb%pﬂ%d 0 30(

i sol ate and v such a
endogenous f avoproteléggi'ﬂﬁ%r%gﬁar thaf ﬁé%?ggb'ﬁbfﬂﬁaﬁf’%%%m e or
fragment the®e®f, oPf thet AErainsARECC NOenﬁB@ﬁal s fl‘mumdeadzdlemzorrpass any

DNA resuééhaarieem APeci Recr 53989l a&omg-;m a%‘iﬁ‘ 1 3%:13% “

bIO|OgIC mean one or nore genes encodlng a bloca
96/ 1794 use as the source organism for thpcwvgsgg/ %present

-17- | irstenepanl e Phrsheembree! ynekedsblated, behes BNAILH LS
and a f'a"o%oéé‘éﬁt PREnPE08 Bgh BE' 95:2%%%&:-85 Se“?:o a non human host
organism other than a Dsz~ mutant of the source organism.
‘Thus, the DNA of the present 1nventzon can be transformed
20 1into, e.g., a sultable straln of Escherzchza .coli bacteria.
Other types of non- human host organlsm can also be used,
including un;cellular organzsms (e g., yeast) and cells
established in culture from mult1cellular organlsms
Other methods of 1solat1ng the DNA of the present
25 1nventlon, include varlatlons on the rationale described
a§pve. For example, fragments of sequences from the IGTSS
glne*cluster can be used as hybr;dizatlon probes to identi-
'fy'similar DNA molecules.
The technzques descrlbed hereln can also be used to
30 isolate and clone DNA that encodes a flavoproteln, such as
the endogenous flavoproteln of IGTSS
- The recomblnant DNA molecule or fragment thereof of
the present 1nventlon is 1ntended to encompass any DNA
resulting from the insertion into its chain, by chemical or
35 biological means, of one or more genes encoding a biocata-



t‘hat chain. Recombi nant DNA includes any DNA synthesized by procedures

using resty nucl eases, nucleic acid hy- 5 bridizati ani ng,
Bldegiby ErEpfnsaa™ "0

DNA synt he ny conbi nation of the preceding. Met

construction can be found in ~ Maniatis et al., and in other nethods
known by those ~skilled in the art. Procedures for the
construction of the DNA plasnids or 10 vectpys of the present invention
include those described in .. Mniatis et al. and.other nmethods known by

those skilled iRyge cn%'am@r bof Hea iR 1 YDA thasiy Eardthh- A% "botds
I nt ended to enco ass any repllca on conpetent, plasm d or vector
capabl e of havi Agd & & rﬁen%tt qﬂg@ﬂ Y PESSSRTHhi cal
or biol Oglt cal ma%a& &mlmbswmﬂmanme:m mcmxdassfanyrmm mmsued
appropri ate non:hunan L.Qr gani sm.. sig Jd t
foreign or exog?ﬁoﬁ?c’ﬁﬁ%% Qﬁsﬁﬁgrt e%tncuo?(g{}%riesm nd ‘;huq'r]%lc%gaéa%l ys
and fl avopro5s brldltzlammdn.t PPp rcdeaviing ,n\RNA isymthesis@n tann cqmmr;aramn d
20 or vector ?>tf %t dﬁ.ﬁxgt MR HJHL ¢ %dﬁtﬁld@%n can 'BY &difa OIn
contarni ng t

- fragnent thereo gene or enes he prese
i nvention, sai dMgadatds gthadl enéﬂﬂ Ag pther “lﬁ%sal “"{) Q'Ié?%ect ivel y
cl eaves carbon- gqglflqrecpqqpstﬂéq art. Organosul fur corrpounds Procedures for

the construction of as, ectors .include t d

e, const A T S R AL, LS4 396 Pk or
The plasm dg oof vtel&q&rsewttheqmsm |Mﬁmacan)a.rdee thdsegimsaribed in
containing a ge?qe eé{b_cochﬂg St Hd A Sl%’cféu']mown Wq{ﬁgsé‘ skilled in

bi ocat al yst tha |ve y ¢l eaves car bon- 30 bonds

or ganosul f ur corqhwrm Tithe drermsp|"P¥A plasmid” a”r@lt"éfﬁﬁ"{?‘f" %?ﬁ;o’rfb%%%d
any DNA fragnment.q E}ﬁ:&%ﬁgé A Yeplicatsiu! dbrtsetdran Pl dsrdd eor fwsctor

Pr ocedur es 1 or GRPABLE R RAVARG (EHFSTTIAY AATIAATNS P prRATTIAY R
those 190 9K/ %Mﬁ.cal or biolodiTH I MEridafiid subsequently, when
: s&?ll ed ind'??]g“ bed I{'o dafﬂtso o alpp% éééerfo&m&ﬁﬁé\f’s&ganism, of
5 ' expre331ng the product of the foreign or exogenous DNA
insert (i.e., of expressing the biocatalyst and flavopro-
tein of the present invention). 1In addition, the plasmid
20 or vector must be receptive to the insertion of a DNA
molecule or fragment thereof containing the gene or genes
of the present invention, said gene or genes encoding a
biocataiyst that selectively cleaves carbon-sulfur bonds in
organosulfur compounds. Procedures for the construction of
25 DNA plasmid vectors include those described in Maniatis et
al. and others known by those skilled in the art.
_ - The plasmids of the present invention include any DNA
- fragment containing a gene or genes encoding a flavoprotein
and/or a biocatalyst that selectively cleaves carbon-sulfur
30 bends in organosulfur compounds. The term "plasmid" is
intended to encompass any DNA fragment. The DNA fragment
should be transmittable, for example, to a host microorgan-
ism by transformation or conjugation. Prpcedures for the
construction or extraction of DNA plasmids include those




The transformed non-hunman host organi sns of the pres- ent invention can
be created by various nethods by those 5 skilled in the art. For

exanpl e, WO\968798por at i on as ex- plained by Maniatis etpegrpsssaksege Used.
By the term "non- - human host organi sm' is intended any non-hunan

or gani sm capabl e of the uptake and .expression of foreign, exogenous -
or reconbi nant DNA. Preferably, the host organismis a 10 bacterium nore
preferably a pseudononad. The netl®od of desul furizing a fossil

fuel of the resent, invention involves two aspects. First, a host -
or gani sm or lﬂ?ﬁ‘g‘f ¢4 i &0 NMankatis oft odl ai #ed ovkers ' knows by thoseact ed
with a fossi Isldﬂlﬂledmrb&:msa&tfurl zed. This can 15 be done in any

appropriate contai er optipnally fitted wi.th an agitation or m Xxing
devi ce. The nixtur ’E%ﬁg %l’?f%’&l‘lf‘mﬁ%@ﬂﬁ?§ eFdant #B8catt bhenpukste
for a sufflcmn:t J.nventinn taam|bevereated doy aewr D54 tﬁeﬂﬂodscgpt +AYgRer of
car bon- sulgf urg; | f o) t ereb roduci ng a
desul furized SSI fllr}lelq-h@%ne% rﬁp) %P%fé V%ﬁ%%ﬁg°%@?s?6n or

m cr oemul si o@llaé-fﬁd)(hlté@:ﬂmaﬁri-%rﬁt al gravbe usedi e By the veganiasnor
enzyme fract 'lﬂ'ﬂla'i\ﬁ%dél'e orgarfics'irﬁ" lid ‘ﬁtexﬁied"’&rﬂe AL R é%%@hg popagate

in the enul SI \My\/é:ﬁ}t e e ressed bi ocat st _cl eaves

“sul fur bonds! Capabl %Biffé'sa AR ESRRERAF AL Eoxeign, aelaoamhuate

of desul bur iraeicntyinsidd Dmry mmeﬁam;to e KSR b Egaki ral s

al yst an /or I ein Raraneters can be determ ned

t hr ough go nofrae%}té%qﬁl?'} o&}"f’ﬁ-‘e %pr a%@'r}{ %omad) Several suitable .

t echni ques for mmh%me@@@fr ai&sulfumrairlg(taerﬁosslliemél U zehé on are ‘
vel | - known apgakaadi |y il ?ﬁpség Basel i ne
and tine Bcc‘?&rse gglr‘r’}?ngg'%\égn rﬁ;al?cﬁt ect e rom é% 1 nc%é;at‘%olﬁ PFr x-

ture, and pr@ﬁSPB&%Praweréﬁ%rPQﬁpﬁmmnh}%ﬂlmdr@nrefrcsmlilr in

the fossil fuehtathedlwidppedfosedloifuel to \Wa %ﬂs%ﬂ%ﬁu (This .can
PCT/ USQS{I_%SB g5 ized.
or ganosuT T ur 80&85‘&&5’ a&?cﬁp§§°%1"a'ﬁen %a"n%ranﬁ@”d@raﬂghéu%}%%d to

bi ocat al yti cwitbaaneagitatiba or mixing edwitieng, They mixtury is ussmscence
(XRF) or atoBifiea chBrSRbHy AAH BITRWeN ¢d IRMARY WP ue SIS0V
time to allow for cleavage of a szgnlflcant number of
carbon-sulfur bonds in organosulfur compounds, thereby
20 produczng a desulfurlzed fossil fuel In one embodiment,
an agqueous emulsion or microemulsion 1s'produced with an
aqueocus culture of the organlsm or enzyme fraction and the
fossil fuel, allowing the organlsm to propagate in the
emulsion whlle the expressed blocatalyst cleaves carbon- |
25 sulfur bonds. '

Variables such as temperature, mlxing rate and rate of
dnlulfurizatlon will vary according to the organlsm biocat-
alyst and/or flavoproteln, used. The parameters can be
determined through no more than routlne experlmentatlon.

30 ' Several suitable technlques for monltorzng the rate
and extent of desulfurization are well- known and readily
available to those skilled in the art. Basellne and tlme
course samples can be collected from the incubation mix-
ture, and prepared for a determination of the residual

35 organic sulfur in the fossil fuel. The disappearance of



5 the nol ecul ar conmponents of the sanple are first separated, e.g., by
~gas chroma The process and the biocatal yticpgﬁgg%i |.ONS
(i ncl ud- R;‘ﬁlgng e reconbi nant mcroorgani sns) of the clained’i nversiéds
tion result in a significant 'and unexpected i nprovenent 10 over earlier

di scl osed processes of desul furization. 1t-19-has been shown that the use -
of the flavoprotein can result i_.n an approxijmately 100-fol d i nprovenent

in the rate of sulfugadiosn anganaakEuso FAPoNnsiFst SWCGhh &% DRY addt thhmal
flavoprotein i gappd@dbeilly Subjettdd @ Hildcatadyrdd etddtmdnt \G W vy
recent discussions in the Jterature §$qgfs%gug$ t hat ﬁ@ggﬁ;nds q%rectly
to DSZC (DenonBopitgred nsing,p&-Guyi

suggestion thabmsdﬁlbla—ls dtromeEtny C((ﬁlzmrteorsprempmmm:wr. trare;l;esmabﬁy.
(Chshiro r t 4,

W t hout bei ﬁg It % C%g'qu% gstr & %n%é%‘ﬁﬁ% azjeg%%st[z?see e‘-=l %

t he pat hway ofetue.dwjlg‘aﬁlqum - tion is set forth bel ow.

[err] VO 96/ 14940 process and the b:.ocatalyt:.c ‘composit f¥dd Ui 1he865

ing the recombinant microorganisms) of the claimed inven-
tion result in a 91gn1f1cant and unexpected improvement

10 over earlier disclosed processes of desulfurization. It
has been shown that the use of the flavoprotein can result
in an approximately 100-fold improvement in the rate of
reaction in comparison to a system where no'additional

_ flavoprotein is added. This is particularly'unexpected in

15 view of recent discussibns in the literature suggesting
‘that FAD binds directly to DSZC (Denome et al., J.
Bacteriol., 176:6707-6716, 1994) and the suggestion that
NADH is the only cofactor required for the system (Ohshiro
et al., FEMS Microbiol. Lett. 118:341-344, 1994)

20 Without being limited to any partlcular mechanlsm, it
is believed that the pathway of the desulfurization reac-
tion is set forth below:

NADH + H™+ O, NAD* + H,0 NADH + H* + O, NAD* + H,0

M”.LL)“

ms'ro2
DBTO ,
e’ +mnn+n’+oz'\
W DSZ .
_ HO ) . _ ‘/ .
. | . 802 NAD* + H,0
N
OO o
" HO
- 0
[
4 o
(o}
HBPSi



- 20- Wthout being limted to any particular theory, the

flavoprotein is believed to be a short electron transport - chain to
del i ver wbesnmdeici ng equi val ents from NADH (or ot her l,@,l,(,—*"fﬁtsréﬂﬁﬁgonor)
to the enzymes, DSZC (or Sox C) 5 and/or DSZA (or Sox A)

DSZC i s believed to be responsi bl e for the biocatal ysis of the

oxi dati on reaction of DBT to DBTJ err]. The enzyne DSZA is believed to
be respon- - sible for the reaction of <-PBFJ err] to phenol - phenyl sulfite
(PPS). 10 As such, it is particularly preferred to add the

cof actor, FMN\, t owqt@ad:temg neidiitredtoveny grarti el Eer theof-y’ontggnor
NADH or NADP [ f I's dependent
E'la o‘t'é‘l § b (ﬁﬁ%ﬁ M@D{a sho::f'f? e]lgegtr? I?F?‘%%P&Enpl s

upon the flav ein se ecte noOwWN".
bel ow, NADPHC §n15° dediicred t\M?err@de'-’f@-M tﬁq@valamq:s dfwdm NARBHUtsH. Al so

pr e- f er oelelrs elleetaddl dopidryf £ DR W%éﬂgew%éfk system

nown I N art.

for convektin DH, .acc rd| ng.to. rret hods.
~The inven |oﬁﬂ&P‘AF R%\%Ab XU SR i | HE d@ kel igtvedicto be
fol | owi ng exzeppessible for the blocatalys:.s of miﬂﬂﬂmeactlon

Exanpl e 1: h t SZ | d
Vorhods: | OF DBRIRBCBBTOLY rhelbhzdnd sk dstbeliked 1o hanamerait s 25
nmedi um at 30féblpcier sheaseacstionboft DBIOsete phiencdt-phemylsulfite

centrifugati ¢gppgnpd resuspended in 4 mM of 0.1 Msodium °~ phosphate buffer
at pH 7 he cells re.lysed by two passes through a French
pressure:?%ell at 19, ﬁﬁwg

§3psit lshgartlca@@g,lgemre@qugq,\,g@ &ftbthe the cel
lysate to 0.é&efacter, 39mvcon0enheatrlea&tloﬁhm‘éd11uﬁ et we) PPl AGRL on |

(e for 15 vroll A4hER, RAoBBE NAURY, "mpdC N Ll T i 0
PCT/U895/158@@I example, is dependent upon the flavbproteln selected '
as is known in the art. 1In the examples below, NADPH was
15 employed where the Vibrzo flavoproteln was used. Also pre-
ferred is the addltzon of an NADH or NADPH regeneratlon
system for converting NAD* to NADH, .accord;ng to methods
known in the art. p | | |
- The 1nventlon will now be further 1llustrated by the
20 way of the follow1ng examples '

EXEMPLIFICATION

Fifteen ml of bacteria of IGTSS grown in a basal salts
25 medium at 30°C to an Agoo of_about 10 were collected by
centrifugation and resuspended in 4 ml of 0.1 M sodium
phosphate'buffer at pH 7.5. The cells were lysed by two
passes through a French pressure cell at 17,000 psi. The
detergent CHAPS was added to the cell lysate to 0.1% final
30 concentration. This mixture was then placed on ice for 15
minutes and centrifuged at 15,000 xg for 15 minutes. the
supernatant fraction was used in cell free enzyme assays.

(/]



Enzyne reaction m xtures contain all or sone of the fol |l ow ng

conponents: DBT, 3.2 mM NADH, 1% lecithin (to i {
. sQlubility ‘(;I I'n this aqueous m xture) 5 pM EAD or M@%Wg
cell protein extract described 5 above in concenttations ranging from
0.1 - 1.0nm/mM. The total reaction volunme was 0.6 m and the
reacti ons were i ncubated at 30[err]C wiigyshaking for 1 hour before
bei ng stopped by addition of 1 nl of acetonitrile. The m xture
was then centrifuged Bﬁdyﬁepﬁéhcemoﬁfmﬁhﬁusuaebbﬁtamh al® o@nébméeéfb!hHPLC

was determ ned beorhevind BapRbarhell. o - p, BMTPEY: 3o, RaPrar a6 Terft
Resul ts: (toAsnsheaaebyoChehubmletyabf DBENBnNthnsbaqheoustmlxtﬁre)
18: 341- 344 (19943) ,{heaB0BY¥CFACAnAl thHE ¢ EQIZBFggeiﬁ Qﬁ??%XBHdFscggggdUpon

- the addition of reducing equivalents Int
vitro reacti oh nﬁh@ﬁﬁelPTﬁﬁpéeEFra¢he§§ rangipgt 5P®, Ohdwevadr 0 mgfedtedThe

that no other cogagh®rré@stion vatiimeewhB bheSmleaali eRe reactlons weBkE 1.

Requi renent of flavin nononuclegtide
desul furi zation b?cpg# J°RECHEE' REeh” gﬁgklng for 1 hour bPFSHEcP§1n9

Chem cal s DBTsgopped- by B8distiibhoof 1 ml of dceBBnitrileAddTHe mixture .

Bde (ug) , Bag gﬂen cenﬁﬁtﬁpégg)and a p8rt1§éq§EeEﬁL BuRernaQant 0
NADH+EAD 10 anglyzed by HPLC for 2-HBP conceptration agaimpgN known

0 Ostandards. Pr8tein concéﬁE&ﬁE&@h was detePmined by the 0
2.5 a The reactlon condi i ons are_as |s?ussed above ?xcept t hat
the protein concRFPFaiPoASHAY ¥ib %ﬁ?ﬁ131°rad HereBlese46R

PCT/ US95/ 15865

As shown by Ohshiro et al. (FEMS Microbiol. Lett.

15 18:341-344 (1994)) the conversion of DBT to 2-HBP is depen-
dent upon the addition of reducing equivalents in the form
of NADH to an in vitro reaction mixture (Table 1). These
authors, however, reported that no other cofactor was
active in this reaction.

TABLE 1. Requirement of flavin mononucleotide (FMN) -
DBT desulfurization by IGTSS8

Products

- Chemicals bBT sulfox- DBT sulfone 2-HBP

i%{fjtdded ide (ug) (ug) (ug)
- NADH® 0 17.0

The reaction conditions are as discussed above except
that the protein concentration was 1.6 mg/ml.



-22- If a crude protein extract of | GIS8 prepared as

above,is diluted to about 0.16 ng/m protein concentration t he ext ract
| oses | wo9ditoady to produce 2-HBP from DBT in thep ?

alone. In this case, the addition of 5 FM (flavin rmnonuc eo0 de) to
the reaction m xture re- stores this ability. The addition of FAD
(flavin adeni ne di nucl eotide) has no effect (Table 1). Dialysis of

t he extract has the sane effect (los@2ef desul furization activ-

ity and with restoration by the addition.of FMN-and NADH). 10 These
resul ts show t hat Zfoteh diAlie protedn mxtiadtpaf IGTS8 presatédraszati on and

that th t

o oceen ) ™abdi AN RIRD B, o 16T ] Yrolied “BGhERRL R on

reduct ase enﬁé’ﬁc@é‘ttrf?é:q}éé’%ﬁﬁ iiGg aElityr S dxedieee 25HBP fromhRBTesul ts

of experi menthedes@adifth idF WX Adne. OIS éiﬁ‘epaéﬁécé? @it 98n0bs 2
u

flavin (sy Chg&fv E .CO ai ni n. reductase I n the desulfurization of
DBT cat al (§javiigr ggnoqqp]&%é% HTRBFRARR HBLFSULR Bed t he
DBT - 2-HBP staxiesorthis tdm.lmmencme)fadadintoﬁlw FRD e(flaviR a@eﬁﬂﬁeFl\/N

reduct ase. Iyl t r rotei sate of
| GTS8 cel | s %gu%togre ’ngg;gn ia t (aTabalescrl oﬁl*%l%(:'a gflx € The

concent r at i ogxtracsf h@&)ttehm same fﬁﬁim r ks st mﬂul@imzatmnrdetlm-) 25
measure the degula sl WAt z%%teaeéﬁadﬁ By hedddiiio of Yy 2B TwARg) © M

NADPH were a to 300 uI It al ong - var n armunts of an NADPH

dependent O FMIhRESy Fefdd tpﬁlrﬁhm"’ that &P‘?Wf m ) Wtﬂ_@at%t in| .

Supr a) . meduauuf@fnzatﬂdie afrﬁrltmtaasa:rﬁéay uRest 6¥ pyéddnt at ShaERet en (
reducti on of 1d30 1P t% t Rer tm nut e us ng NADPH as substrate.
WO 96/ 17940 Or9er 'reddL R €8 Piceds PCT/ US95/ 15865

r '  ._D _activity of IGTS8 extracts
15  The results of experiments described in Example 1
suggest the participation of a flavin (such as, FMN) con-
taining reductase_ih the desulfﬁrization of DBT catalyzed
by IGTS8. In ordér to test this hypothesis we did the
. DBT -» 2-HBP reaction in the presence'of a purified heterol-
20 ogous FMN reductase. |

Materials eth
A crude protein lysate of IGTS8 cells was prepared
essentially as described in Example 1. The concentration
~of protein in:;hié extract was 12.7 mg/ml. In order to
25 measure the desulfurizing activity of this extract, 67 uM
DBT and 5 mM NADPH were added to 300 ul of it along with
varying amounts of an NADPH dependent FMN. reductase puri-
fled from Vibrio harveyi (Lei, et al., Supra). One unit of
the reductase as used here will caﬁalyze the reduction of 1
30 umole of FMN per minﬁte using NADPH as substrate. |



+23- Resul t s: Wien O to 0.090 units of the V. harveyi

reduct ase 17 0added to a 300 ul reaction m xture as desc d above,
there is a ?Gylg'{rong stimulation of desulfurization 5 act §Psﬂ§“§he
reduct ase. The addition of 0.09 units increase the activity nore than
two-fold (Figure 1). These results show that in the desul furization
reacti on descri bed here, the overall pe®®ntial of the extract to
catal yze the reaction is substantially inproved by the addition of a
10 flavin cont aRegajtseduct ase. . Exanpl e 3: Expression of the Dsz

phenotype in E. coliywhgn o tog©p©@@eﬁh1Q@ EEPthe vlwma%vényfaahéﬁaégxﬁke

Construction of dsz _expr eSSI on Yector | aSm

contai ns the ds2d@edgERed dRJem reacFﬂ&ﬁs@FFﬁPF@néP é@ﬁﬁqﬁ Qé)ﬁhRYQec
Prfrnter sequengrepé Esha ver@OEtroﬁbl&Fﬁhﬁ&&tﬂdﬁa&fc@%ﬂuﬂﬁ%fﬂkifmﬁvgh the
ol l owin st e the s iC ex nucl eqt i t
Sequenceg 5 S&€DRicy By Q‘Erf&ﬁﬂ&?‘ C@A%ﬁgﬂ&mn oF I LB

GTCTAAGCTCCTCCTingZ2éase the activity more than two-fold (Figure 1). These:

¢Zg$Zgég?é§$ﬁg?fﬁ%é%ﬁ%gég?ﬁAiﬁé$gﬁﬁgkﬁggggsu%furlzatlon reaction described

Met Thr G nG nAngleergkt Fhe overadlypetiengdadd ofntheprasFagtociFatalyze the
('Yani sch- Perronyghcghion @%n%ubstaﬂ%&all@31%%&0&&385@9t%&ﬁ%dﬁﬂtﬂ&ﬁ”bf a

digested with endonucl eases Ec and nd 111, resulting in plasmd

PEX13. pEX130waflaMiR grgtaiddng &R | eases Nsil and Bsiw . A

4.5 kb Nsil/Bsiw restriction fragment from 25 plasnld pTCMlI (U. S Patent

No. 5, 356, 801) ontainlgg the . ‘ 5

i sol ated and |idgatet

pEX14. A depen nt on FRP
Materials and Methods:

Construction of dsz expression Vector pEX1lé
15 Plasmid pEX16 contains the dszABC genes under
' transcriptional control of the tac promoter sequence of E.

coli. This plasmid was constructed through the following
steps: the synthetic duplex DNA oligonucleotide adaptor

sequence
S SR
$°°$ ggt
_ H o
57 AATTCAGATCTGATCGAGGAGGATGATTAA
GTCTAGACTAGCTCCTCCTACTAATT

A~

Pos
5 & 4
> & =
>

+* 2
F o
nmnntummmeunuwmunrﬂnmuunmuummcn.

TACTGAGTTGTTGCTGTTTACGTAGACTATGCATGCTGATCATTCGA S5
MatThrGInGinArgGinMetHis

~N
o
&

20 was ligated into plasmid pUCl1l9 (Yanisch-Perron et al., Gene
33 :103-119 (1985)) that had been digested with
" endonucleases EcoRI and Hind III, resulting in plasmid
PEX13. pEX13 was then digested with endonucleases Nsil and
Bsiwl. A 4.5 kb Nsil/Bsiwl restriction fragment from

25 plasmid pTOXil (U.S. Patent No. 5,356,801) containing the
dszABC structural genes was then isolated and ligated to
the digested pEX13 DNA, resulting in plasmid pEX14. A

 SUBSTITUTE SHEET (RULE 26)
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-23/ 1- m xture of a 4.5 kbp Bglii/Spel fragnment from pEX14 and

BAMH / Spe0 96mt9ap! asrmi d pT3XI-2 (Hale, K, a pKK223-3 ( y
vo SEHERG s

derivative containing a tetracycline resi stance

PCT/ US95/ 15865 -24- gene and a tac
pronoter) were |igated such that the tez3/1- pronoter was oriented to
direct transcription of dszABC. This plasmid is called pEX16. (Figure -
2) Construction of a plasm d codi ng DSZABC and frp 5 A 0.9
kbp fragnent of DNA containing the frp - (flavoreductase) gene of

Vi brio harveyi (Lei et al. J. Bacteriol ogy 176: 3552-3558 (1994)) was

added to pl amikture of RPALG u&wmgmisﬂépmmws&&naﬁxmpml (Lei,

,. Stnd t he endsB%Af{ﬁ)‘if\rf dﬁ%’%gﬁ%s%dﬂ ”?%ré'@(fi‘ﬁ%]??;gmﬁ?

(Kl enow). A dPhlabwastiredndiariSatiive mantFfinine tetra¢?b£1n8|néabstanae

added to these blunt ends by ligation;, - - followed by digestion with
Spel . Plasm d pEX16 was then di gested at a uni que Spel site lying at.
the 3' end of the 15 dszABC gene cluster and [igated with the Spel - ended
frp - gene fragnent. The resulting clone containing the dszABC and
frp genes under control of the tac pronoter is called .. pEX44 (Figure

&

(1]



Preparation of cell |lysate and assay of Dsz activity in 20 extracts of E.

coli harboring pEX16 or pEX44 Cultures of E. coli cells (50 m)

t hat had b3h¢1784h at 37[err]C in YT medi um were i nducBETUSISEB&ned
gene expres- =~ sion by the addition of 0.1 nM IPTG (final

concentration). The cells were collected by centrifugation resuspended
in 25 0.1M phosphate buffer (pH 7.5) and Iy‘fd by 2 passages t hr ough
-a french pressure cell at 17,000 psi. The |ysate was centrlfuged at

15,000 Xg for 15 mnutes an o] ed_for
enzyme agsay The® ?%gi?aoﬁ ga& Sﬁ§§§§%£)cgﬁfgngégg& ? %ﬁEh Eh gh% % Cp
OM EMN, 0. 67 M pBom@EST GaanbsABREEAnror GiNeER! FABRSCTADRAOM! meﬂtswAaC

final ~volu Y@ 384316940 (F 2)
PCT/ US95/ 15865 "neb pPstid is calld® B ( 1gu§e Resul t s

Gowh of E. coli on DBT as a sole sulfur source is depen- - dent on
DSZABC and frp ConstructiGHSBfmh|blﬂémmdoaoBBﬁgaDSZABalanﬂuﬁﬁww sour ce.

Wild 5 type straing of herlchla I t
when a strain®of E. cﬁlg ﬁEig rFﬁagBFQ 1€QSE?IPEH Qi z?% t he
dszABC genes is pfaaedredudeasaedggnewbﬁ Wﬁbrum harVéW@nﬁ&ﬁnlﬁg BBT a5 the

sol e source of s I 0 ht @ast’ gagde Sigail Of
all .three gene pPSSESFIOIO 17%0%33? 35&2 ggggizgr a2 b f%{?aharborlng

pl asni d PEXOBX16xpedngi hhedE9ABCWARG FEEPH-| | P Sﬁaw%&é’ﬁ%ééélr et
condi tions. Thegg rgsybiy)shay H&ghslﬂeaemlthgwstmpmm endonsicleagle Haxl

Ds h t f tl nh t t

v PO PRactanarche enfe bans BLUBo PR ANTE ARE SRR, SHITHe-aEY Adkoe
or pEX44 were prepagmeéngndxasnswed f Ar doobler sitganded SpelDR1nker? fBRment
descri bed above. Eﬁ %ﬁski)suggnadﬁeﬁato Eh%%E§ qui&eegg%al qﬁgatlon,

. est abl i shing that(N e presence I'n
| extract of the efpléswednbyodlgegau@p Uﬁ-tlhh§PPrlp FaaenidaDEN 16 paf Sherw

reduct ase. digested at a unique Spel site lying at the 3’ end of the
15 dszABC gene cluster and ligated with the Spel-ended frp

gene fragment. The resulting clone containing the dszABC

and f:p-genes under control of the tac promoter is called

pEX44 (Figure 2).

: Prepératidn 6f cell lysate and assay of Dsz activity in
20 extracts of E. coli harboring pEX16 or pEX44
Cultures of E. coli cells (50 ml) that had been grown
at 37°C in YT medium were induced for cloned gené expres-
sion By the addition of 0.1 mM IPTG (final concentration).
'The cells were collected by centrlfugatlon resuspended in
25 - 0.1M phosphate buffer (pH 7.5) and lysed by 2 passages
'through a french pressure cell at 17,000 psi. The lysate
was centrifuged at 15,000 Xg for 15 minutes and the super-
matant fraction retained for énzyme assay._ The reaction
mixture contained 0.1 M,phosphate buffer, 5 uyM FMN, 0.67 mM
30 DBT, 3 mM NADPH, protein extract (12 mg/ml) with a final
volume of 300 ul.



Exanpl e 4: |solation of endogenous flavoprotein of | GIS8 - Methods and
Materi al s Bacterial strains and growh | GTS8 was grown unti |
early st-%,t}nm- phase in 25 BSM Hunters nedi um (Denone et al., Applied
and Envi ronnen- tal M crobiology 59(9(:2837-2843 (199RCT/USSS/15868Ki ng at
250 rpmat 30[err]C (typically about 85 hours). E. coli M1
contai ning the plasm d pSAD267-1 encodi ng DSZA (Denone et al., J. Bact.
176:6707- 6716 (1994)) was 30 grown in BSMyBunters medi um suppl emented with
0.4 nmg m_[err] bi otin, 50 ng ni[err] each of histidine, isoleucine and
va- i ne, R m_[err] anpicillin and 1.5 nM Na2SO4. A single
colony froma_fre pl ate, was _used to inocul ate 50 ni: liquid

cul ture whi chGﬁ%’% f§b“r 1 RREAR dhiseke sulfuwmqegns depen-
PCT/ US95/ 1586H8ent on DSZABC and frp -26- 30C. A 10

mL.aliquot of this t oCcu 500 nL of the_ same
nedi um and gr own t%@#“ﬁ&‘#ﬁ%"@’e%ﬂ %dlnpﬁfr cﬁu%eeli)‘a%teqf Suree; s Pbidt
the expresBi obype BSZAains of \Rechemiiciuih b;c.ihm:e'la]smt@t.t h@ﬁﬁ@@fﬁ&ﬂéﬁ to
39[err] C for t e £ I err :
appr oxi mat el y%hen 3 %Q\%r/aagnr E,?gﬁ%d d&rj}p%cat!ﬁ éﬁ_ IJ]T%%@H cﬁﬁgj[ ’]s'eﬁﬁéd
for pur tPEckheodSsZABC genes i plaqeddn dafiined grawkh pheémml

PSAD269- 2A eneedtaﬁm.ng DBPSZE then @@l eetsciired Js&@@dlﬁw 9&@\’\%& J:%c
medi um suppl e- escri1 bed

above for rOWZ%esggﬁtﬁggfyf%g exp:%%sdsirﬁ:ﬁ.g aiﬁgr'f&ri?ﬁ}?ﬁﬁ%sﬁ products.
Al'l chr onk@ogHapkyest, epheweamec stradt aff Bt ol Hatboriny plasmige. | GTS8
oHt B (bUfor ?ﬁ‘é%%t SREFeEbig BpRte ot B b1 el Sndbd Lyiesd L 5T ¢
25 nmM EPPS pHenditignsprAThese resudipspphow thatvhes@rolagons MypLesnd
0.15 nM PMBF. g1 Bhase the Ds%nﬂh%%‘ée&% %@Qﬁﬂ%a‘ifﬂl}p%nhg}?cé‘\tflﬁf gvere
ruptured in flavoreductase prcte:.n
15 Extracts of E. coli stra:l.ns conta:.n:.ng eJ.ther plasmid
PEX16 or pEx44 were prepared and assayed for conversion of
' DBT to 2-HBP as described above  The results ‘shown 1n
Figure 3 are ‘obtained establlshlng that convers:.on is
enhanced by the presence in the extract of the expression
20 product of the frp gene, NADPH dependent FMN reductase.

Bacterial strains and growth
IGTS8 was grown until early statlonary phase in
25 BsH/Hnnters medium (Denome et al., Applzed and Environmen-
- tak Microbiology 59(9(:2837-2843 (1993)) by shaking at 250
rpm at 30°C (typzcally about 85 hours)
E. coli M21 contaznzng the plasmxd pSAD267 -1 encoding
DSZA (Denome et al., J. Bact. 176:6707-6716 (1994)) was
30 grown in BSM/Hunters medium supplemented with 0.4 mg mL™1
biotin, 50 mg'mL‘ each of histldiﬁe} isoleucine and va-
line, 100 ug mL™! ampicillin and 1.5 mM Nazso4 A single
colony from a fresh agar plate was used to inoculate 50 mL
liquid culture which was shaken (250 rpm) overnight at



an Am nco French pressure cell at 40,000 psi. The cell suspensi on was

passed thr French press tw ce and t hen centrl f?gqﬁ] s38s 800
xg for 30 ?}VﬁM@t 4[err]C. The pellet (consisting o unbrof<en
cells and cell debris) was di scarded whil e the supernatant was | oaded
on a Pharnmaci a Q Sepharose Fast Flow colum (2.6 cmx 14 cm

equi |l i brated 25 with buffer A containing 5%sbuffer B (buffer A+ 2 M
NaCl ) at a flowrate of 2 nL min[err]. The colum was washed exten-

sively with the sayms buff ero aiL caliquot adf tihid cdltard ewad used tanimbetihe

ODerr] of the elute 0s 0 p near
gradient from 5%% C%}?[gdﬁ‘ Fé%corég%prgn%f&g %8‘1 ?row?wﬁoﬁgr#}:)‘i@ (%FO nivi
NaCl ) over 180 mappmumﬂtebmp@ 04(- At thim@- 2lime Mms’s@ne‘Pél DSZA
yel I owi sh fractiqpg E‘:ﬂg&ﬁ&% %W&t%}pé Pt@xggioéeflaftﬁse

' I cat on ed

activity. DSZA from E,_coli oS acco as
follows. E. cdi haurs @W%%u%@rﬁ'%e%ic 2P NRE @R ODgoo RS @g?%mwately
PCT/ US95/ 15865 3 was reached. Typically 3 L of cé&ll culturdawassusédbgor
. centrifugation at 8 or 10 m nutes and washed twi ce in buffer

. A The cells weré"'?' ‘ﬁ%‘ﬁ’o‘é‘a the same buffer (volune equal to the

© wet wei ght of the Ecetdt] Mﬂtlcmhm:iﬁﬂgnﬁhﬂam.asmﬁdmwugezm enfoding
- mM PMSF and d S

Ccel T S 50, GRPGrDat TE B1C HBal 1! ?é‘éi’d’“’na’e‘g @%C"“egi?ﬁ Shpple

30 mnutes tdl@ enmretmwmlenl%@lmg i ARicidd s as describe (BRI R

was | oaded on a Riwy NBségpsysepharose Fast Flow colum (2.6 cmx 14
cn at a flowrate of nm. mn[err]. The 10 colum was washed with 5%
buffer B until the ODerr] of the el uent was cl ose to baseline and

devel oped with a ddngi chrom@togisphyof 5% to 25% buffer B over 120

Contained Dza (as  AlRctafarseooniiittipe, vife LAELLAT MR 4 o0 gr on

overni ght 15 vs idsmfferc;'ns&thlasr]narvem@e@ yeenerifugabiand ware washed

Pharmaci a Bl ugs ft g%%ugﬂ(sefﬂ@ftﬁﬂ d:Bntalnih?elV‘lthEDTA
Phar maci a Resourc co UI [ at'ed a stable
‘basel i ne had beerB ht eq;lng';“:ﬁeand resuspended in 25 mM EPPS pH 8 EDTA,

1 mM DT, 100 mM NaCl, 10 mM MgClz and 0.15 mM PMSF. DNase
and RNase were added as solids. The cells were ruptured in
an Aminco French pressure cell at 40,000 psi. The cell
20 suspension was passed through the French press twice and
then centrifuged at 39,800 xg for 30 minutes at 4°C. The
pellet (consisting of unbroken cells and cell debris) was
discarded while the supernatant was loaded on a Pharmacia
Q-Sepharose Fast Flow column (2.6 cm x 14 cm) equilibrated
25 with buffer A containing 5% buffer B (buffer A + 2 M NaCl)
at a flow rate of 2 mL min~l. The coluﬁnﬂwas washed exten-
éively with the same buffer at a flow rate of 5 mL min~!
until the OD,g, of the eluate was close to 0 and developed
with a linear gradient from 5% to 30% buffer B (correspond-
30 ing to 100 mM to 600 mM NaCl) over 180 minutes. At approx-
' imately 240 mM NaCl several yellowish fractions eluted
which displayed.NADH:DCPIP oxidoreductase activity.
Purification of DSZA from E. coli was accomplished as
follows. E. coli cells grown as described above were



Bl ue Sepharose colum was di sconnected and the Resource Q 20 col umm was
devel opegfd/\g' linear gradient from2.5%to 25% buffer B for 60

m nut es ' rate of 3 nL nminf[err]. - The fracti onspCUses/158650 DSZA
(as judged by SDS-PAGE) were pool ed, glycerol was added to 10% (w v)
and stored at - 20[err]C.  This procedure results in DSZA being 95%

" pure. 25 DSZC was purified as follows., Buffer Ain this in-

stance was 10 nM BES pH 7.09 containing 1 ®™IEDTA. The cells were |ysed

by treat nent om tepperature for 1.5
hours. . The Iysﬁlg' rg’%[' rl%}iéf&ga{&%&nﬁ P08 TRy BR¥ IAJm@nytpg and
m.[err] PNSF. WAfSchﬁd |woevm l@@ffenrm et Blole \p€1 s vwereddeguspehdstyl and
DNase and RNaQ;@lé/\@‘-gne bupfép p,sﬁglﬁﬂm fuggr%a‘gé £ 8 :éhés geEtrl fuged

at 6, 000 :‘n'%mlﬁ?? ut e et was scarde fipe- -
natant was ce gé‘d'1 ing %G@G’i@c orld WMMaEL,, 0.1SubMecBMSRt And
t he super n&t amNasas dnmdmhsmtahcﬁﬁm-imﬁpﬁaﬁéd ﬁQSé)Uﬁfén&CBJ:HEEure cell

i brated t A pl 3% buf f
equil [brated Wil BAYIPpdl P! Wn tPMldS vas cenfiiged st 39, 809 b¥at EpTA

with 2 MNaQ J3Oamdnntstee taninemaven unbxoken cells chndeseDl @&Brsale prbfer.

500 i NG W?%“?’%%S%"‘% Yde) hageqor o Dl £ 09 Shhroae T ERE- P LGvi

mn[err]. SoRugey | @né Ehikilh rcgn)Dsm:a( Elowizate efl bymSDELRPNCE)  The

gaup ng aloggdoiﬁﬂxnnﬁ#dﬁa@asﬂéﬁ virap!sd kflffljf@@elmt‘fﬂ ahe %D U'fié’whcon. '
ntriprep oxi_mat e o

concent r at ed Fﬁ&?f’l oﬁ’?%gi@ cﬁgqa eline C%'Q)rﬁaﬂ d"b%haaphmmm a (

Super ose 12 ggraflilkntakiforss tb0 25& buffdd BvVowdr Iﬁo Gnthutesi of o4 rﬁoﬁs' ng"
10 mM BES pH h hile a | ont ai n| N SZC we
a8, g, 5 RO, T Ehact iU U AL

pool ed en Iyoph| i zéd an
Assays determipmdd bye SPSTPAGED Wexnel padled \easd aia@llﬂhdisoﬁ@tﬂmg\nt

al ST IO 485 1B B i A e s
DCPIP is corrEParBawt B °Wt99%H?QuCQHHE¢##dTh@
absor bance oflihe wﬁthradeatmutdaW&%source Q column equlllbrated with
- buffer A. After a stable basellne had been achieved the
Blue Sepharose column was dlsconnected and the Resource Q
- 20 column was developed with a linear ‘gradient from 2.5% to
25% buffer B for 60 minutes at a flow rate of 3 mL min-l.
The fractions contalnlng DSZA (as judged by SDs- -PAGE) were
pooled glycerol was added to 10% (w/v) and stored at -
20°C. This procedure results in DSZA belng 95% pure.
25 DszcC was'purified as'follows” Buffer A in this in-
stance was 10 mM BES PH 7.09 contalnlng 1 mM EDTA. The
'cells were lysed by treatment with 4 mg mL-! lysozyme at .
" room temperature for 1.5 hours. The lysis buffer included
75 mM NaCl, 1 mM DTT and 0.1 mg mL™! PMSF. After lysis was
30 c¢ompleted MgClz was added to 5 mM ‘and DNase and RNase were
al:o added. The supernatant was first centrlfuged at 6,000
rpa for 15 minutes, the pellet was discarded and the supe: -
natant was'centrifuged aQain at;39000'xg for 1.5 hours.
Subsequently the supernatent'was loaded onto a Pharmacia
35 Resource Q column equilibrated_with bﬁffer A plus 3% buffer



moni tored at 600 nmin a Beckman 7500 di ode array spectro- 20

phot onet er %’9‘“ approxi mately 30s 300 nnol NADH was PEFIHISsE 3848 | t
was observe(? at ‘there was a residual anount of non-enzymati c
reducti on of DCPIP. After appr oxi mately anat her 30s the reaction was
initiated by the injection of" between 1 and 10 pL of the sanple to be
tested. Enzymatic 25 activity was expressezB+n either -ODerr] mn[err]
or pM DCPI P reduced mn[err] (using [err] =21 nMerr] cnferr]). NADH
dependent Byt{baffeduat wanhwasMaNag}édand washed ara'.thanmar cedusmt t hat

absorbance was ”Qgihﬁgggsﬁttﬁ%gggﬁkaBQEEFQ ”‘g%%r%oﬁﬁﬂn was déV@ﬂ%?%dF%nth

nmol cyt c instea ction o erri c%t ochrone
ferrocytochrome 8 lineerr graddgntofrpm 60 mM Nalle£6e580 Ik Hagdnde o 255

grr}tone to BHBPC&/ggggglsgwegggDa K El%nggégeg?? -gqﬂbglr rane Wrs Wn@gﬁlng a
u i v |
Synchr opak RP5C1§rF6§éP§§ GRESaindpgRSEtodag %eg mlneWQ§P§7§$§%

P[CT/ U]S95/ 15865 el;.:.tln around 350 mM NaCl, were pooled and comdentiriated
Herr] O acetonitrile reactl 1

7.5, contained i HS$°§ cﬁﬁ‘ol b\ S E? &WC%SBOI &Pﬁl{l (t:o Q%Rgg cruf[ilSL
| ysate or purifi od 7DBZC ( A). 2&nehL. of theo comslensystedafractions wexsoifmrsher
(every 10 mn) 103 Bharcdrafffitd P UCEnattedal Bublidil a@e 1l il diion

. quench the . reaction an anal yzed for substrate and

 Resul ts: 10| depiiamnc dfilew 613"@ Pfa -3 c‘,‘Bht"“d-lnnl ﬁg“?éﬂﬁcﬂ-&sé‘ml RESGPHg 7 as
 After separationtgle hsh3deC yS@&%d@ﬁdﬁB(abnﬁhiniﬂQ DEZOGere pooled

- chromat ography .i t S posa_r ﬁlé-ﬁ' de'cf |sh LSPY] agec, & clearly

. pigmented (yello As “can be seen in Figure
-4 DCPIP reduction by NADH occurs I n several of these fractions with a

peak centered ar er 25 (approxi mately 240 nM NaCl). These
fractions 15 t;!/%‘lg%el yshaygja slight yellowi sh tint to themindicatin

that they contain a fNAREhdspendent] PCHIF raduchion was,3ssayed as follows.
oxi doreduct agg aghieV il RN MAYE A VI milHSin ke ddded dnp cuvette) contained

100 nmol DCPIP and 50 nmol FMN in 25 mM EPPS buffer, PH 8.
Reduction of DCPIP is correlated with the loss of absor-
bance at 600 nm. The absorbance of the stirred mixture was
monitored at 600 nm in a Beckman 7500 diode array spectro-

20 photometer. After approximately 30s 300 nmol NADH was
added and it was observed that there was a residual amount
of non-enzymatic reduction of DCPIP. After approximately
another 30s the reaction was initiated by the injection of
between 1 and 10 uL of the sample to be tested. Enzymatic

25 activity was expressed in either -ODggo Min~! or uM DCPIP
reduced min-! (using egoq = 21 WM™l cm'l). NADH dependent
cyt ¢ reduction was assayed in a similar manner except that
absorbance was monltored at 550 nm and the mixture con-
tained 50 nmol cyt ¢ 1nstead of DCPIP. Reduction of

30 ferricytochrome c to ferrocytochrome ¢ is correlated to the
increase of absorbance at 550 nm. |

Conversion of DBT to DBTO, DBTO, and HBP, and DBT-

sultone to BHBP was assayed by HPLC as described previously
using a Synchropak RP Cl18 reverse phase column (100 X 4.6



the reaction mxture indicating that during the isolation procedure

t he endog&&ous flavin had been lost. The addi- 20 tion of flavin (in
this cas MP#hhances both the rate and extent of DPBIRISISIEESES i ON.
These fractions al so cat a- | yze the reduction of cyt ¢ coupled to the
oxi dati on of NADH. Activation of DSZA and C by the flavoprotein
reduct ase 25 ~ \Wen either DSZA or Cis purified fromE. coli neither
catal yze their respective reactions in a tydPcal one hour assay.

Figure 5 shows t mgen the flavoprqtein OX|dore- duct ase fromthe
yel | ow fracti off%® |¥1E nﬁaﬂeﬂcﬁFPﬁlgEF giefd 1. Eh ecGPﬁcﬁszm|mixﬁu;maesence

of both FMN antioblhaM Nappl pHe738, convedinedniaf 10RE,Sql Lala NADEGR, 0GH!rS.
The sane patte S d ur when the yel low fraction i's
conbi ned - ﬁl?ﬁlD% (g%Nﬁém N&E}ﬂgﬁe%’ & EFc BT £ 58S (s ansr
and the produclOQEMmPérﬁP?Strthse 3%t fiveupoistgydeverlyalo min) 1040 4L
96/ 17940 g 38

was_removed, added to 100 uL acet%g}_l. Qiﬁ.é/ 4:% tgﬁ)ter]i‘ec}bﬁf

- 30- order for desul furization_to bccur, not on :
B-and C protelﬁga%ElﬁFeéﬁﬁtané@YFG§s§°§ gNPstrate: and Nuyﬁuct be incl uded
in the pathway which uses flavin as a cofactor - and is responsible for
oxi di zi ng NA - 5 EQUI VALENTS - ' Those skilled in the art wll
know, or be abfes 8 ascertain, using no nore than routine
experinentationden'ejnij:.catlonqufvalémavlnocbheaih&n'gfredalamaﬂeﬂa!ﬂfiG!‘S§he

¥ eni o be oo AbREE HEREIrATHER ot b T B AR 0

10 change chromatography it was posszble to dlstlngulsh sever- ‘
al clearly pigmented (yellow1sh and brownish) fractionms.
As can be seen in Figure 4 DCPIP reductlon by NADH occurs
in several of these fractions w1th a peak centered around
number 25 (approximately 240 mM NaCl) These fractions

15 typically have a slight yellowish tint to:them indicating |
that they contain a flavoprotein. In order to obtain full
oxidoreductase activity exogenous flavin must be added to
the reaction mixture 1nd1cat1ng that durlng the isolation
procedure the endogenous flavin had been lost The addi-

20 tion of flavin (in this case FMN) enhances both the rate
and extent of DCPIP reductzon These fractlons also cata-
lyze the reductlon of cyt ¢ coupled to the oxidation of

NADH. ‘

. Act;vatlon of DSZA and c by the flavoprotezn reductase

'25  When either DSZA or C is purlfled from E. coli neither
catalyze their respectlve reactlonl in a typlcal one hour
assay. Figure 5 shows that when the flavoproteln oxidore-
ductase from the yellow fractlons is combzned with purified
E. coli DSZA in the presence of both FMN and NADH complete

30 conversion of DBT- sultone to. BHBP occurs. The same pattern
is observed (Flgure 6) when the yellow fractlon is combined
with DSZC, FMN and NADH (except here the substrate was DBT
and the product DBTOz). These data would suggest that in
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-31- - W0 96/17940 ' SEQUENCE LISTING (1) Gebfrbk¥snsses

L NFORIVATI ON: (1) APPLI CANT: (A) NAME: Ener gy

Bi oSystens Cor poration (B) STREET: 4200 Research Forest Drive
(O dATY: The Whodl ands:: (D) STATE/:PROVI NCE: Texas

(E) COUNTRY: USA ' .(F) POSTA30GODE/ ZI P: 77381

(G TELEPHONE: (713) 364-6100 ' (1) TELEFAX: (713)
364-6110 (¢oyderPiocrdgsuhfasiorReion to occury ApokiANELY mustChhel DSZA,
Squi res gggg bé nkan

e Wodl ands B aﬁ&‘CSE' 1n%h £é§¥ E_ Steigast a thifd S%égetﬁum¥§$
USA G Memz e P#'?ESQY Wth’h(P?e%Pﬂ:?EANTFFI\ﬁERH’@RCtOr
(A) NAME: \Viid Jis responsibl®) £&FREkIdizing NapHsend Pl ace

(O ATY: The Wbodl ands (D) STATE/ PROVI NCE: Texas

(E) COUNTRY: USA (F) POSTAL CODE/ zI P: 77381 (i)
APPLI CANT/ | N\ENTERIIVALENTS (A) NAME: Lei Xi (B) STREET:

159 West Sterling PO%(&écéﬁllled l?EEh%:%JKIQ all know, i\v\ggdgﬁﬁlgsto( f

(D) STATE/ PROVI NCE:
POSTAL CODE/ ZI P:a§G@etain, Using ROFETANThamERgoiie expermentatlon. many

equivalents to the specific embodiments of the invention
described herein. These and all other equivalents are
10 intended to be encompassed by the following claims.



(A) NAME: Beatrice C. Otego (B) STREET: 17003 Kettle

Creek Drive (O dATY: Spring (D) STATE/ PROVI NCE:
Texas W0 96/17940 E) COUNTRY: USA (F) POSTRCTUSEHISESS .
77379 (i) APPLI CANT/ | NVENTOR: (A) NAME: dga S.

Pogr ebi nsky (B) STREET: 12611 Pinerock (O aTY:
Houst on (D) STATE/ PROVI NCE: Texas : (E) COUNTRY:

USA (F) POSTAL CODE/ ZI P: 7702’43 - (1) APPLI CANT/ | NVENTOR:

(A) NAME: Kevin A. Gay - T: 3500 Tangl ebrush, No.
177 (O ATY:  The %%UEP' é‘%g&‘:ﬁ (D) STATE/ PROVI NCE:

Texas " (E) COUNTRY: ~ USA (F) POSTAL CODE/ ZI P:
77381 (1) GEBROE/ INFRRYATION: -

PCT/ US95/ 15865 ) »opr.reanT: -32- (i)
APPLI CANT/ | 3{) NAME : Eﬂ:él‘gW@VESystems CQiLBS‘fthonCh' | ds
(B) STREET: 38B)HEITRPET:r eek 4200rResedich l‘af)a'bt Drive (C) CTY:
The Wodl ands (C) CITY: /pD g‘ﬂéﬂ Texas - (E) COUNTRY:"
USA ) [ P:gehl 381 (ii) TITLE OF I NVENTI ON:
Met hod Of Desul fumza’bsm. ebnfmsulvﬁuel with Flavoprotein

(G) TELEPHONE: - (713) 364-6100 . :

(I) TELEFAX: _ (713) 364-6110

(:.) APPLICANT/INVENTOR

(A) NAME: " Charles H. ‘Squires

(B). STREET: . 66 Lazy Lane

(C) CITY: "The Woodlands

(D) STATE/PROVINCE: Texas

(E) COUNTRY: USA

- (F) POSTAL CODE/ZIP: 77381
(i) APPLICANT/INVENTOR:

(A) NAME: Wan Ji

{(B) STREET: 2 Townsend Place
(C) CITY: The Woodlands
(D) STATE/PROVINCE: Texas

(E) COUNTRY: Usa

" (F) POSTAL CODE/ZIP: 77381 -

(i) APPLICANT/INVENTOR:
(A) NAME: Lei Xi

(B) STREET: 159 West Sterling Pond Circle
{C) CITY: The Woodlands

(D) STATE/PROVINCE: Texas

(E) COUNTRY: USA

(F) POSTAL CODE/ZIP: 77381
(i) APPLICANT/INVENTOR:

(A) NAME: Beatrice C. Ortego

(B) STREET: 17003 Kettle Creek Drive
(C) CITY: Spring -
(D) STATE/PROVINCE: Texas

(E} COUNTRY: USA

(F) POSTAL CODE/2IP: 77379
(i) APPLICANT/INVENTOR:

(A) NAME: ' Olga S. Pogrebinsky
(B) STREET: 12611 Pinexock
(C) CITY: Houston .
: (D) STATE/PROVINCE: Texas
v (E) COUNTRY: UsSA

(F) POSTAL CODE/ZIP: 77024
(i) APPLICANT/INVENTOR:

(A) NAME: Kevin A. Gray

(B) STREET: 3500 Tanglebrush, No. 177
{C) CITY: The Woodlands

(D} STATE/PROVINCE: Texas

{E) COUNTRY: USA

(F) POSTAL CODE/2IP: 77381



(iii) NUMBER OF SEQUENCES: 2 (iv) CORRESPONDENCE ADDRESS: (A

ADDRESSEE: wepsw/i7940n, Brook, Smth & Reynol ds, P.C . pETHUIsSIEANEs T
Two Mlitia Drive (© CTY: Lexington ) (D) STATE:
Massachusetts (E) COUNTRY: USA “(F) zIP. 02173 (v)
COVPUTER READABLE FORM (A MEDI UM TYPE: Fl oppy di sk '

(B) COVPUTER: | BM PC conpati bl e -32€) OPERATI NG SYSTEM

PC- DOS/ Ms- DOS (D) SOFTWARE: Patentln Rel ease #1.0, Version #1.30
(vi) PRI OR APP (A) APPLI CATI ON NUMBER: US

08/ 351, 754 kk%w{ﬁlﬁ‘ﬁ%°hmzn Q1 REC- 1994 (O

CLASSI FI CATI ON: (BYi STRFEATTOQI\IE?{/HA[ENEréNF@hNI &b 1202 . (A) NAME:
Br ook, David E. (C) CITY:( B eS¥egdliagis NUVBER: 22, 592 -~ (0O
REFERENCE/ DOCKET NUEBERD IB%E Pcﬁe"“ (i x) TELECOMVUNI CATI ON

| NFORMATI ON: (F) P Eﬁﬁ\le?aal?) 861-6240° (B) TELEFAX:
(617) 861-9540 _§2 | NFORMATI ON FOR SEQ I D NO. | : gl SEQUENCE
CHARACTERI STI{g&) TITLE OF IN@ NEterhed pF Baevdfypiizasion of Fossil (RuplTYPE:
nucl ei ¢ acid with Flav DNESS doubl e (D) TOPOLOGY:

| i near (iik) NABER\JrEsEMBlcESNA (genomic) (i x) FEATURE:

(A) NAME/ KEY: CDS (B) LOCATION: 31..54 _

{iv) CORRESPONDENCE DRESS :
(A) ADDRESSEE: Hamilton, Brook, Smith & Reynolds, P.C.
(B) STREET: Two Militia Drive
(C) CITY: Lexington .
(D) STATE: Massachusetts
(E) COUNTRY: USA
(F) 2IP: 02173

(v} COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
(D) SOFTWARE: PatentIn Release #1.0, Version #1.30

{vi) PRIOR APPLICATION DATA:
{A) APPLICATION NUMBER: US 08/351, 754
(B) FILING DATE: 08-DEC-1994
{C) CLASSIFICATION:

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: Brook, David E.
(B) REGISTRATION NUMBER: 22,592
(C) REFERENCE/DOCKET NUMBER: EBCS94-08 PCT

(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: (617) 861-6240
(B) TELEFAX: (617) 861-9540

(2) INFORMATION FOR SEQ ID NO:1:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 77 base pairs
(B) TYPEB: nucleic acid
(€} STRANDEDNESS: double
{D) TOPOLOGY: linear

{(ii) MOLECULE TYPE: DNA (genomic)
{ix) FEATURE

(A) NAME/KEY: CDS
(B) LOCATION: 31..54



WD 96/ 17940
PCT/ usgcg{, 5865 -33- (xi)
SEQUEN ‘%)E%t% bTION SEQ ID NO 1:  AATTCAGATC TGATCGAGGAPCRATESHTSRE ATG

ACT CAA CAA CGA CAA ATG CAT 54
Met Thr Gn A n Arg A n Met His CTGATACGTA CGACTAGTAA GCT
77 (2) I NFORVATION FOR SEQ ID NO 2: _33- (i) SEQUENCE
CHARACTERI STI CS: (A) LENGTH: 8 ami no aci ds

" (B) TYPE: &) n8EQUENCE DESCRIPTION: SEQ DN TOPOLOGY: | i near (ii)
MOLECU SEQUENCE DESCRI PTI ON: SEQ | D NO 2: Met
Thr @ %‘E’E}T&GET p‘uéghg‘kﬁ“rf%“m‘fﬁ égg ;g: gim CAA [CGA CAA AV Q8 1794054

- PCT/ US95/ 15865 ™ Gln Arg Glp Met His 1 A net hod
for enhancing the rate of blodesulfurlzatlon © .. of afossil fue
cont ai HTTTAGF TR RCRCTARTAA S Tonpounds, P 27

(2) INFORMATION FOR SEQ ID NO:2:
(i) SEQUENCE CHARACTERISTICS:
- (A) LENGTH: 8 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

Meg Thr Glan Gln Arg Gln Met His ) ‘
5 _.-. . :



conprising the steps of: 5 a) contacting the fossil fuel with an

aqueous phyvdeen? cont ai ning a biocatal yst capabl od/fx844 N9
carbon-sulfurm%oag% and a rate-enhanci ng anount ?cﬂ@? a

f'l avoprotein, thereby formng a fossil fuel and aqueous
phase m xture; 10 b) mai ntai ni ng the m xture of SLED_QL_QDQEL_______
condi - - tions sufficient for cggﬁvage of the carbon-sul -

e

bi ocatal yst, theraby resulting in a fosel ify&gﬁ AR AR
reduced organic sul fur content; and 15 - separatihg ®hé f#sssl » =
fuel having a reduced or- gani c sul fur content fromthe

resul ting aqueouys A method for Riddhcing the Zratd I6f MBib@ek@]l £k 2kat don
wherein the flavoprotein i flavin reduct ase, '

. 3. 7Th
method of O aim 1 whétei®h f?ﬁesﬂa*‘x}biﬂro‘?%‘?“rﬁ’r’él‘ﬁ/m?rg&mc sufg‘é’aﬁ?‘ag%ﬁd&
4. The met hod of ClounipAidind heie corgps sofig addi ng NADH

qui d hydrofarbon. | &) - cqitdtn g he FOFE A ¢80 on' {RheodaTpndse

fuel is a _ | i qui f¢ankaining aa deipcatalyst camablgcofrecheavingd ai m
16. wherei n the biocatalystg L& Pfur bondsd SRYd W FR¥LOEnBAhEIRgbAREEnaNd
reconbi nant flavin reduct ase are proﬂuceqiqg a sén | e m croor gani sm

: - of a flavoprotein, the eby forming a fos 1f %uel

and aqueous phase mixture;
10 " b)  maintaining the mixture of step a) under condi-

tions sufficient for cleavage of :he'carbon-sul-
‘fur bonds of the organic sulfur molecules by the
biocatalyét, thereby resulting in a fossil fuel
having a reduced organic sulfur content; and

15 c) separating the fossil fuel having a reduced or-

| ' ganic sulfur content from the resulting aqueous
'phase.

2. The method of Claim 1 wherein the flavoprotein is
flavin reductase.

20 3. The method of Claim 1 wherein the flavoprotein is FMN
reductase.

4.  The method of Claim 3 further comprising adding NADH
' or NADPH.

5. Thé méthod of Claim 4 whereiﬁ the fossil fuel is a
25 .+ liquid hydrocarbon. '

6. The method of Claim 4 wherein the fossil fuel is a
liquified hydrocarbon.



18. A DNA nol ecul e conprising a flrst DNA sequence whi ch encodes a

bi ocat al yst capabl e of desulfurl 0ssi |- fuel which contains

or gani c- Woi9%a794p0| ecul a seco sequence WheEHUSIRASEISS a

fl avopr ot ei n. 19. The r\w aim 18 wherein the flavoprotein
IS - flavin reductase | ecule of Claim19 wherein the
flavin reductase is ?edUctase 21. The DNA nol ecul e of C aim 20
wherein the DNA nol ecul e conpri ses _derived f r om Rhodococcus sp.
ATCC 53968. 22. A nicroorgani smcontai nifig a reconbi nant DNA nol ecul e

whi ch engodesrhe methéd @fbcpﬁﬁnahYﬁheQQEﬁbtﬁeohlg‘é%‘tlafl s'tz'c%%a%le
fossil fuel cont 0 ni c, su nol_ ecul e (b) -
an additional flaRprd % “1ng H?gPBOPS&ﬁFSﬁFGfF@NaFﬁ@EEﬁﬂﬁgwane t he
flavoprotein is 1mmébbyimedeductase. 24. The m croorgani smof C aim 23
wherei'n the reconbi nant DNA pl asm d conpri ses DNA derived from
Rhodococcus sp. ATCC 53968. 25. A conposition-conprising: (a) a

bi ocat'al yst capablBhefmekhodiofi Glagmatfwbereinushe cleavage wifi thecont ai ns
organic S@'fur'“ﬂé%%héﬁ-sﬁﬂﬁur bonéb)lé ﬁéifofﬂgdnﬁynQnagﬁﬁaatﬁbe

fl avopr ot ei n.
P pathway

9. The method of Claim 8 whereln the ‘biocatalyst capable
of cleavlng carbon- sulfur bonds ls a microorganism.

'10. The method of Claim 8 whereln the mlcroorganlsm con-
10 " tains a recombinant DNA molecule which encodes one or
more enzymes capable of cleaving carbon-sulfur bonds.

11. The method of Clalm 10 whereln the recombinant DNA
' molecule is derived from Rhodococcus sp ATCC 53968.

12. The method of Claim 8 wherein. the biocatalyst capable
15 of cleaving carbon- sulfur bonds 1s a cell free frac-
tion. ' ' '

13. 'The method of Claim 12 wherein the hiocatalyst is a
'cell-free fraction of Rhodococcus sp. ATCC 53968.

14. The method of c1a1m 8 wherezn the blocatalyst compris-
20 €S one or more enzymes or enzyme fractions derived
from a mlcroorganlsm having the capabillty of cleaving
' carbon-sulfur bonds.
15. The method of Claim 14 wherezn the mlcroorganlsm ie
Rhodococcus sp ATCC 53968.

25 16. The method of Claim 2 wherein the flavoprotein is
' recombinant flavin reductase.



~37- 26. The conposition of Caim25 wherein the flavoprotein is
flavin redgg 27. The conposition of O aim 26 wherein
flavoproteln |S%EﬁN reduct ase: Tﬂﬁ;s;'} _ 1 on of ééﬁ?%?ﬁﬂ“s

wherein the biocatalyst is: - Rhod)coccgﬁﬂ;iﬁpF X NsBo6s or enzymes
er.

el 20 e comosttion of v SRR g )
I
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- 37- 26. T tion of i m 25 opr ot ei

is flavin redugfaco Oglmé§$98 ?%Le%%%%oéghgéﬁrgfﬁcfg?nggggéﬁéikgﬁ fARable
fl avoprotein of sckeavingucazben sulfur2Bondshandonposimbinanef fTawim
27 wherein the biocalghystaks are pro aln]220§U§i§€%eAﬁ§£%§§g§§n%é enzynes

t her eof . 29. The conposition 0 urt conpris
NADPH

18. A DNA molecule comprising DNA which encodes a flavo-
5 protein and DNA which encode a biocatalyst capable of
desulfurizing a fossil fuel which contains organic
sulfur molecules.

19. The DNA molecule of Claim 18 wherein the flavoprotein
is flavin reductase.

10 20. The DNA molecule of Claim 19 wherein the flavin reduc-
| tase is FMN reductase.

21. The DNA molecule of Claim 20 wherein the DNA molecule
comprises DNA derived from Rhodococcus sp. ATCC 53968.

22. A microorganism containing a recombinant DNA molecule
15 which encodes:
a) a fiavoprotein; and
b) a biocatalyst capable of desulfurizing a fossil
fuel which contains organic sulfur molecules.

23. The microorganism of Claim 22 wherein the flavoprotein
20 is flavin reductase.

24. The microorganism of Claim 23 wherein the recombinant
DNA plasmid comprises DNA derived from Rhodococcus sp.
»  ATCC 53968.

25. A composition comprising:
25 a) a flavoprotein; and
b) a biocatalyst capable of desulfurizing a fossil -
fuel which contains organic sulfur molecules.
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The compos1tlon of Claim 25 whereln the flavoproteln

"is flav1n reductase.

The composition of Clalm 26 whereln the flavoprotein

' 1s FMN reductase.

The composition of Claim 27 wherein the biocatalyst is
Rhodococcus sp. ATCC 53968 or:enzymes thereof.

The compositibn of Claim 27 further comprising NADH or
NADPH. | - _ |
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