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SIX MONTH-" RE PORT (July 1 to December 31, 1986) 

I. BIOCHEMICAL ENGINEERING 

1. _aba_'€_ re. Rh.s %euE_ma.. t !ork 

Due to the lack of molasses slops in the whole of the 

coLntry, we started uLing "4ynthetic" effluent (cf.previrous 

... report). It did not orove easy to test, as buf'fer and yeast 
exi ract additions wert- required for decent growth and attachment. 

Since Iast December the ethatnol plants have rae, tarted uirng 

n!'o 	 ;rer. we ha~ve gniono hi7:rc Vo al si optF L~ be te,:ted under 
btO:cl as bed ilm syste-as well i ;ed fi lm'ed with an automatic 

pH control r1ecertl ,' oL.|- t: ai d inrcisia]led L.a ei in the" yM'r IWe 

C';pect t) C.orndu(-t coap]etely stirred tank reactor studies for
 

LL-chrni. c"r' I i-t I t~ure=- J r, Ulf.".OC i drjcefni C/mU I Phtir reduc.i Y)j pha 'Ae j7s I 

.her..: k The fn)othane r-o,Actor bei ng .sed is sti I I the fix ed bed 

f :"ed f iI m C I f r a l f nvI F; j be I: w'e are now usi ngj the 

iyrj ,hered , Ij v, s.chux. r- i, , -uppl id by Sc!hutt Mainz in Wruvt 

G- many (pore -.;ize 60 t.o 300 m for m.elthano produLct:ion anf 60 to 

k', m ,dojen Uorthe fic:st allowing hi .her" gas flow r) tesc, lu: 

;.4ut 	 cu;f the j.dhere:d bi r)lfnI 

The chan-in ,,ver fo,' Lhe n :w ,upf.Portn took p aIe w I movi ngij 

to a new l aboratory, dur'inq So3rptember and October. Also, at the 

end of December the thermal conductivity dutector, as wel as it4 

.ontrols in the yas chromatography, have finaly'-been assembleed 

anrl, thus for, supemrn to b., wornk g correctly for- tho FirSt ti me 

sirce we stare$,rup. 

.,. 	 Pur CUlturEs U1 ECo.iqo!i bacter ium acidiprooi oni:i 

The majority of the tests conducted under batch and CSTR 

http:Ulf.".OC


without pH control have now been carried OLit, propionic. acid and
 

vitamin B 1,2 contents being 
 assessed in relation to the
 

operational conditions.
 

The CSTR tests with pH control. are E;tiIl half way through
 

but have already shown a higher improvement in final acid c:ontent
 

a1t. pH 6, as one should e?:pect.
 

Some batch 
 tests conducted tnder growing glcuCoSe/yloSe 

ra t'ion-; ard controlled pH at 6 h,-ve aJlokwed us to detect diaux<ic
 

,]-rQ,cu t:Y IO lit' isat inn and f ir),fI tCIVrII. pt i onw of 'ylose 12
at 

cili ur appro:imately 5('7. of Ini t i..:fl cncentiat,",on); this points 

t, A - feb-batch 4.LLategy &t-, heing poibably appiropr iate to 

Thl:.l -vi increase .yl. O e .Itj tion.,n in .1 


rr.r: t.I ,,nt I y with [he run,; raj i;p n4 the co I unmar tesit,
 

p I-.eF- s~-t w it h p ct~ 1i',c d CSTR ,-:AnrJ celIIl recycI e ovEr 

i I Lr-a t i t i noro r,i,c. vir?!nr nOu nIi Iiov r been cart i ed out.
 

. i - y thi F- te. ts w.r -to:pp-,d i:, the alcryl ic tj.I.t c'olumr
 

,F.1r trd I fa%: i ,g af t er appr o;, fmc l y 7 iontfbs of co It riou
 

The ra: U1t. ctciar vLon i , d arid ti.nil DI.2, hav? bee~n 

Ci t -:,d for pire nkr:atior. e th?' r th t, on Bi otechnol ogy9ynpf un 

fIr 4 t.-- - and Chemicalt. (Douldt'r, Coloradi, 5-8 May) and the 4th 

Eurooean Congress on Bi otechnol orly ('Ain:,terdam, J4-18 June) , 

reospf.ctively. We P.nclose the ab.stracts, zid will provide copies of 



2. SCREENING OF 
 ELECTRON TRANqFER PROTEINS,, INVOLVED IN
 

810CONVERSION PROCESSES 
(C. CE., U. N. L. J.. G.Mrur a, 1.Mour a, 

M.Teieira, J.Lampreia, 1.Bewata. andA.P.Lino A.V.Xiv'ier) 

Thn screening of electronm tr-rtfer prcotelin (ETP) anil, co--factors.t 

wa extended Wo di ff# vtt:Yt 1b:0CteP i 01 (IrciUPS. 

:1. SULFA~TE PErwUCEF: 

s)i~X J vL"vjuItC:illeFa-rt ctti ,kr "rp Srtudy Of 5 Ei . er, 

hy~ir~estheir, ;* t~cn.'e ~IEppar.r Iic~.,-t ia innd 

ty, rt>l ci! r,; K"p. 

The- ii ;'-rnc hyfr2Crd' 2 1'2hti.eSimplestrorii 

ree:poc.ri 711 -tK N. rl haC> ' bvc-n uftxed i'6 

bicitecriologji~jc l pr A~ ~t' pr>.0ChL.jCt i e of-h)dc~r. 

(water pictnl Y,'';i O im t -tj thi -J'l r : i orl "A';titi f~ i tI y temns nr, for 

t.he 'ut'. OiF hyrJt',7cj e:n ud.~ in Cchemnica . H1snt.owovcr-

I~~~~~~~~~ sin i cs 1 i t';Ii' pr~' inmrit cii i4 due i n 

pitr' 1.i cu I i.r to the i ri':.t,:0 ''~ the bhi r-o ctu l -e, jfvrj!ved * The 

f Li Lur v? clovelutpmentsn pr~lc.c,.' diepeiid%tich * w:s on th! iscr-eeni ng of 

ut hie.~~'~ ye~and or) the .. i J. d Ir riodje theof a onst itUt £Orl 

asnd catalytic: proper-.m cl i 1ci.rLtsr'it centers. 

Wo have s c t'e er)r'd fpAi "IQsW -knd h~it acier- i ted hydr'ogenase, 

fr om V:A], -fi~tl, redUCj Ml bouis. tbrijAa fisvLig Fap. ) wh ere LIL

mcetabol i m of hvdcroagpn i o. jrvernod by, air's?~h nye The. 

hyrroeri.se% s.. Ic~itrf dv~ hrl t.] Su br-i Qvws Is-o cho010 ci. 

Orrjartl vm for- t he tdyof tis cnip I cl.) 1~:eor,en.trc i 

http:ee:poc.ri


' : -

"V / " ' . : / •• ' / X / 
' • " . V- : '" > : "
: 
 • • '" '- • .
 . " Y :L •' ) i
 

7,

different types of hydrogenases are now recognized within this 

bacterial group: CFe] hydrogenases containing only iron-sulfur 

centEirs, one of them hai-i;g unique properties (i.e., j-v__uLqaiEs), 

[NiFe] hydrogenases containing one nickel atom and iron-sulfur 

center,.., tionerally arranged a5 onrf 37Fe :.nd two 4Fe clusters (i.e., 

l '. f9.- D,_ lfuri cAns 27774) and MLAI ti-p.ir arns n. sp.); and 

U ,.F hydro'ger-itses, coni,ai ri g :il, c1 and sel en i um inF?,.. 


,
ef:f Ihol ci2..ar amoLtnts '-rl ,ron--ulft {tr (D.s. _ens anridrcLe'jlr 8ld 

2.I.2. N'Ft:,] hydFro , -nm a "Thf-n( hi 1i L-at LducerLC e 

So Far hydrogna -... htu,t b~i-?n c.,niy puri find from a {fe
 

t.hurrophi I c orj;.n I SIM uc::h , {luE 
 a ch IegeIi i and 

IC-cuin.W ' tr-' -.- :ru irt -1and Marburg. A 

,dr. hc. been .utiAily puri f ,-d From the thermophi1 iI: 

'' nrj-r tceuc 1 udt '~ tr: P'LI fovi In ic-1 (D. t hrlIOpt ' I if-D51 

:
. ihr ifOmll ph I,:IV ')qr', t. op ,,,j'.ia p!.11-t yI ndt>; (A40 /A278) of 

C. I-. MO;
' ,ni7 .tl .qI i y b. I).:o o httl-.e, pr'otei ns as see b ' 

ptol yi:ryrtitm ide t.'.l t- . r pl.tphir '- t[jnrj compl etot purif i cati oni, 

e- tr one Iy d i f f i cul t ho be achieved. The D.tIer m L,iDAK 

hydronae appearo; to be 67'pure on SDS--gIt electrophoresis 

-with t.o mojb-r bandsi. of roritu1an tu . :.-,rc-iund 55 and 1.5 K-Da. The 

hy"- e f rac t.i Orl has a F'eci f ic act i vi liy (mi cromol es 

her minutte, per trig proieiri) r-)f the. H,, evoILItion assay at 60"C arnid 
+ 0Of 52? in the D--H £ clrtong re.t riat 70°€6 The EF'R .- pectuum of 

th, uiattve[ enzyme dotects'; the presience of Ni (1Itl) a-1. iudicated by 

.. ,'" . ... . ..:. , K . . .V 



the observation of d. S1low rel1axing 'rhombic signal with g-val ues 

at 2.31, 2.27 rand -2.o and suggests, als~o the prosnce of a 

r3Fe-x9,3 oxidized r-enter arociaterd iwithj an iscitropic gr2. 02 

M2CIZ q t. UQiCC3jj ' 

I n Cordrr t c) f o, t[ho i r-r eD t t i; c Ii P1,7 17.r~ VCr0 

i r mr(~'j,k 1 ., C)alcyr I:P-j *: r? nt I y be c jc, ~ LLd ie Mru .t~I:t 

uIk;atkitnd f orr,od i !-r, , i~, i.e fKfr onm D. Ui t -i: of f or L-.' 

o ftIi,;:jc (-", bn 1it1 t. Wi. jj 3Cjusters have bctj 

pl .i~u *n e.~~ r 2 ~ t- ther si-nli hon-hpirie 

1)~ r ot i) (Rt r ;,: FCy 1 uv hi i D' H0,, /f e -1.hng 0 

I T.- p rt i e s tiur) n i c-, L~t 'J'3 I tA 4ti .' iF F: NOe -on v ri t er. Mo, 

eft c a t oi y ta ."~iI c qr 9,,C. ry ha~vo bc~eo rdetrmrim:ud 

2 I c~oI I )Ucrit i on fh Dr PP. . i~s nr)- t - IIrj Y , rM. Pe'rI i -r 

r-(. *ri C.E."tiT C ,ic~rii UAdaro -fr f).'L~t_"i 

Ia.r2~L*l $a- m > ofi a r tol cif 'A'o c"'u1ftr.rill 

Tvin r, - t,'i~ . rir~ ~~v inid chav I:y! e u A i zcw 1 y 

I L:r-.rron p Fjr ama gnvt I C: f 0 f.?nI IDr (FR) and riuc a rnA q ult i c. 

r F., oi .ar)r-,e, (NMfR) 3per Ar n,~:,,:o -iZc.et chi frulfl tt1-L I.Al f CI -

Ed t ce r, iii t r ogen- T i n q oroin i Dr~If g. o Lru ib -i 0 d-) 

Sp- i n Derr- UaL Ii P f3 et pur i Fi cat i on procechl.ire 

i n c, -1ud dr sevr. a I irhr)hn~i cr'q t Vill s Oil al urni rna 

c~~~~~~11i~t~~i A'hy j' Irbtr at i on . t Lraha L itan wii 

c'onohaornr ryt ochrrnio ti)cyro ,i dr'o,, {.j. Th fLU] VLt~fiytcOchrtjIE,iH~IW Ihat 



visible,, EPR and 'NMR spectra w~ith igeneral proper-t ies similar. of 

j~rither low-potential bis-histidinyl axially bound haei proteins, 

belonging to the cl.ass of, tetr~ihaem cytochrome c isolated from
 

ot~her NeufoviQE~rq %peri et. The ionoh~em cytochrome c
 

c~53crbotoI-reduciblte 'and its~ EF arnd 
 NMRUda~ta are tch'.ratteristic 

of i yt.ohr nie Lwith ntt n i~h ~itii~1~t~ 

..MFTIIANE FOrNMING ORGATISM5, 

0 t op±w~r i z r .Ort of Nfjhi,-nog-. ni' (stroi n M'ST) 

1 0oW i in litrie lf w'-~. jin Colllabori~t ion 1'ji Lh 1.h c 

Ui i .r . o f Ge nr- j , P ptp.ti oleint J.14 inc~c ! l i :t y r of t.. 

I. ~I An LH !L) . V~cLi 

wlIiiB n 

IIu .d Psv i -cmi~'.d to the 'D12"enzymne 

pr.t.:r W ont ".4 1:nr"Itr.i zi ' "A~ cufactojr wai. 
VI~ir tpert 

'?'-M WI(IO &'r.un Ill(.ji. f t he MST strai~ n)DOI T7cu O P Q"LA1.i 


'A ~ ~r-t.~d nif -T I
rt a t u bc ; ( ; eloctj- iphrrosi i; 

0 1'r iltisid td i~(he t"t pu- f i( d prf-oin arid f rom 

0.1 (. Ltt Mr)T v' wY> 
4 

i~K td-t~i V01- L-. Id~t 

I ~ 0:c 1u.V , ( Fot, ui I LI) aknd 

1)e t ctL .iiI. c r i nrui d contoiet procsorit in the barteri a. Both 

corr inoi d Wnd protein weiro rE. (UC~k-d by sodium borohydride. 

W) t or[I the fet-L thAt tht., P 1.,-pr ct !i n fr ci t hc- ST strain 

Lcr; I I -A.:',l c~orres~ponds to 9()%, of 

Nt i,' 

I% ~tood in the ai-.thyl odd f cram (thut F.nzyame j.f.oI it c, from 

t.o- niF-.ophile s was ~'~i1 ~r-iA'.n i 11[0 OCIU fOrm, but COUid be 

EPR~ v.pecitrc reordted ;-A' T/ f-' -:'how typi r, n3i nal~r *f'ir4P~ hf 



CII low spi n c~or" Iex es. The hyperfine inter-actions between 

cobal t and the i inmidaz ol nri tr i-g ,r) atoms was obsiervedl, 
indicating that the bose in coordinated to the metal Atoms 

ei their in the -free and the proteini bound corririi (Fi Q~re-! 1 

The phy'3iolcigi cAi r~~I-I f the BI -pe n't Ft n-w i 

con trover-,z iAI , )u t, th , i of IIIe t hy t ej(I E I -fov {,c1'.cAit i on A 


cLide hict er ial~ C-O f-f tho
~ . Ippor I iroozvo~esnunt of 1:hi* 

eriyme ins fumtyl tt',ru { ir o:.~~ p rovin~5cw fcior tt . 

I ;u o nw' c, Z- t c; d - I-IJc 

: 4 . - ~ '41H"- ttr rjji f:r-oc)K r t~ c.~ j i I i Cj 

*~ o~m n ~ . ' I 0~ 7.~: . . D -1~ ii 4n b. 1 / ;I 

rohernp (5 , CN' CP .t 1'ei.Inc1(r onreduc.i ord i 1.i ro 

Cherm icalI a iol -c one % 

r 4F-- SEI cecoi ferI f ni !I r.- Ii .t 

IalI y-,,i ,o-~ t hv ri~ si rwhemv n d 01ni' 

mr I c'.1 -27! vDa I Thi-

en.-ysne-.7 rirepr --rn i - of o w - tnoctl ar ch/l t-)vh upi Itq 

w-0 fitc 



2.3. ENZYMES INVOLVED IN NITROGEN METABOLISM- DENITRIFICATION
 

2C3 1.. Cytocbhron1 _ Qfol._nt~ Qf ~k ~
o_ ~._sac~ngn_ 


rPSl!i ing Qor.g _ji._ 

Two g-type cyrtohromes werv isolat-ed and purified from 

nitrate re;piring W~snC_.noU3'rei. One in a mnrohaem rytochrome 

(hi gh-potent i al ). The Theother is a two-haem r'ytochrome. 


iorohI"am, t.hram a
1: t hras mirimum moloculr wwiht of 8.2 kDa and 

cont .iv 0.9 aitor gC if i"ron nd (.95 haemiqi per tlrd of prote in, 

V~, 1)I kv' .. pcctr oscopv noutggesk OwI pri ce~: of two ligand 

t r II L. aroundri the hem (1 e., - tRard at b95 nm idicateea 

hacm mthin.nire cotr fhnaio I form)QW -spjinpu L'(uuist5ifn with -A 

hig h-spinh for by an~-baopt i'r bondrcat 6!9 nm anid inrewled 


yhould, 0. 1)F np:" he redo p ctnti m au rw. ur'ed by visible 

r'd,: 1 .. & pt .in hie eni -ce, cf redo". mcdiat.or-s in +100 mV. 

Me bn q, of o.yan;de W 5 00 71 1 disiplaces: the 

nvth, , ' ro ,idue. and F1U3 conver- onri to a low-spin cyan id 

Th.... i I-r ? r t'ur\'a wrr-e ld ed by H NHR pectr-osrr.py 

"
ir huLhI th f'err tn; states. 


hi ~;p1t ;'+rmclerr r.- r t 


"".d . e ous In t he oxtidized state, 

h em net hy] rr, o 'ocr-n,(between' pH 5 

and 10 a, well as-.the jdane tic .,t<:cept i: iili ty measurement
 

(us.ing NMR) 
are cons:i atint i th the presetnct. of a high-spinlow

upin Oil i i withu.i e Wr a r,+Msit n pK of 7.3. The z pi n 
I, 

oqui i.riumin rii W t. /W NMRfrc. time Tho h..m methyl
 
-r ( Ar-cvr rrn,)rrco t. I irg do.wn f i, Id chorniczal .lii£tc . A~n 

uniually broad etni'hyl re bnancc at 5 pl.m QpH- 7.5) wau obser"ved 

to b, e:tiremely t:,mpirii.j( l~per m t ' p.p* .) 

y_ l. •d+crr~+t (-.~Eo 
 . .+, . '.m A- ) 

E3 

http:pectr-osrr.py


arnd was assigned to the 3-CH, grou~p of the aXial methionine. NMR< 

3tud ies indicate that in the ferrous itate Ponly a low-s~pin form 

iz pretr-it. The harni mesocproctonS, the mlet~ihyl gjroup and the 

methyl enet pr ot-ol-IF -from thp&~ivj,1 methlonin e wJere identi fied. Al, ~o 
*the 	 re-,onaricr' from the arofnatic 'residues (3 tyrciint.t, - Iar,d 

* 	 phenvlai~l ni ne) wtirc- asi3igneti. 

Ttie NIIR roin-. [hit terrs of t the monohtir. (:ytu-hi' oinL' wa 

. n y ied in dot,? I I f v ntm ltht f u I1 y ruduii'ed uip to (,'-the f ul 1y 

ox iii ed f, t! I h - - oit o~ of thf zi ntermrol ein u I tir P I ectr on . c: 

'~~~~ i.o. c:,nj w_ - dttxrml nvd to he .appro' 	ialts.lU1y C.'1 IiM-

I f y.1 OCJIr t ) 

695 rim 	 .' 1- Vhc.~I b.:,I~ rpiti ct r .mw -~~qr(I ckt I r) r tha L. 

Re.2. t r It Btdt a- EI .jri Den L IFrj~r :.'( {uixild E;'S IIfO 27774 

Nlqitr-ite r,od a S 	 e ahiinehee :c ncIhr a nit? '5oI at.vd'Al f rom 

D ik If !Ar i' 011, a cer, -,c 1:i 'L-uItf at v r erluc rer that c 

grow in ni tv iI ~ij ~* ~,lr 	 o~oritc:I enzyme. mc- I eve I+ c) t h 1 

P. riAl.7M i-y; i 	 t'r1d t (, - IP 'l1bt, C t,,- i a qro nr wi b nItr ati 

PL0 .1f i E31 on. i:t MI'ro c ~ 	 fAkIri 'Qliht of 66. (C)O --nd i i icap ab 3,(e 

of r-edlY. i nt-j nri tr j V ti. r.mnoni a. It ehi bi ts t ypicai LI-- typ o 

cy Lothr urn.o A.tCip t oi n ;Pa c Ir nin ovi~d vAs- dutermi ned Lo ccantt in 6 ci-, 

type lI'iiett 13yyrt; II i:in az; m~~ and i ron

cr t n tt rvA. o-rt iti Th& din. t hi oi ii t. --re4UL etd hexiahcmre 

c ytDchr.cm W o iind(.')MC 	 U1 I-, r eoaic t i 	 t h both f i tr .i to tnd 

hydr ( yl acmini nre, ticc'ivor t tIi asit:urb i t e - r r-duc c~ OL iii dU C.CyImu 	 fa to0 



reduce either nitrite or hydro..ylamine. 

EPR study of this hexahemp cytochrnme Ehowed svverctl heme 

9pi et con-f irnang the mltiple home naturp c.) thi S enzyme. 

Figure 2 presenLsi EFR spectra rhowintj the effect of pH on the 

spin Ftate5i of the heme grOLAps. A~t pH 7.6 (Figure 2P~) a distinct. 

low-spiri heirse EPR siignal was dcAie"-tve iit 9-'2.96, 2.280 and 1,57. 

This rsncewas intvrpwetced aF, a e tOf i riteracti nns: 

betweicen the hL'nw groups rather than inidividt.A.l hetnes. At' IOw pli 

(Figur 2A), a highs:pin fr lmeti signal appears at g=6. 

~nd tg 9,, 1 s.pecitm~ in,-i detpvfted.L Thce. retorvnarwe at the cj --4 

roegi on i ncr!,azuE~itOF Anter- Jty. Alt hi gher pH rFi gt.re 2C)-.,, both 

t-,ho h i Uh- ~pit s p v? . cs. irid to (j- 4 r-c!c- )nanric u do.reas e their 

in ritmi t: i es rtib-tarti Al*I y . Fi jrc 21 'shujws an EPFR spectum of 

d i t h i.nr,-i Lc r c.- t oicelhEe r rhr c ni I, itLc f- _, ieac t*d wi I h n itr , Th i , 

cpr~z. tlw t~ ro2 to x % r uosli di z d ta it..., naiveTa~~j r'in t 

fin Ir1) 'l .ui d* --T reg-i n huwS nitrugc'n h-yperf iro 

slur t.J r n-.--ltrft the, ht'iiii* g!joup2 

7).71--o- 1 . *'i tn r fe lu !u y 2, Ci-f Ri 

I)t~ pji ,u t r . kr tJ !-I 1I U :vrtrl'J d' c t: kh a 6 t u 

l'~~~~~~~~~~~~~no~~~~ti' int~-' 1n.'~ t. q i ~ :U I.:AnIliw ur;. * 

X*' into '' l cs 'i: 'r'i o5lr:~ .. isrr itrj 

isf d i aiii r t I 



is disrupted. 
we alsoexpect that these serie 
provide information concerning the roles these 

~~, nitrite-reductaee 
mechanism. 

D. ISOTOPE ENRICHMENT
 

I- he1Ling enzyme withwf stable totcr(es 
valuable approach for the Ipectroscopic studies. 
labelling (. an bei aczhieved by bacterial 

of titrations may 

heoes play in the 

have beer, a Very 

performed. The 

culture grotowth in enriched 
mr by r-eccnstitution of active centers wi th

ippropr A,! Wd 
the 

ist:nopes 57F- nd 61,- have been currently used. 

E. SCIt-t r IC C LLCA,3R1TI fin
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TABLE I 

PHYSICO-CHEMICAL PROPERTIES OF IRON, NICKEL-IRON ANID NICKEL-IRON-

SELENIUM HYDROGENASES FROM 4 D_EqU2_OVIBRIO SPECIES
 

Property DL-vuiais iQjaS Q.acmuatus D.%afexi ens
 
Hildenborough 
 strain 9974 British Guiana
 

Molecular weight
 
(Da) 56 89.5 t00 98
 

Subunits 2 
 2 2 2
 

Localization perip]lasm periplasn 
 pe-lp]la= periplasma
 

Metal content
 

Non--heme iron 12 11 14 12
 

Ni ckel 0 1 1 1 

Se]eniuim NFkb 0 1 1 

Specific activiti c 

Uptake 50000 1500 120 1300 

Production 40(0 440 446 
 1830
 

-------------------------------.----------------------------------------------

a. At least 50 %.of the h.drogenase "as found to be located in the periplasm.
 

b. Not reported.
 

c. Empressed in micromocl H,/mi/mg protein.
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The kinetics of P.acidi-promonici (ATCC 25562),a xylose-utilizing microorganism, nave been

examined for theconversion of xylose and glucose to acetic and propionic 
acids.
 
Concomitant utilization of both'sugars isobserved, with slower consumption of xylose. ho
inhiDition effect is apparent for the substrates or acetic acid produced, but propionic acid

inhibition leads to a peak production of 12g prop./l irbatch tests without pH control. Con
trolling pH at 6.0 maximur concentrations of 27g prop./l and 8,5g acetic/l were obtained.
 
Acid yields are close to the theoretical maximum (820) at economically favorable molar ratios
ot 3:1 propionic: acetic as compared to ?:l theoretical ratio. High cell mass yield coef
ficients ot 0;26g cell/g subst. lowered the propionic yield to O,45g propionic/g substrate.
 
High cell density systems are under study using either immobilized cell reactors (ICR) or cell
recycling on tangential ultrafiltration membrane systems (UF).

ILR studies are pertormed utilizing cell growing adsortion processes solid supports. and UF
 
experiments were conducted using mineral membranes (zirconium oxide) with a 
nominal molecular
 
weight cut off of 500.000 Ualton, As expected, mucn higher productivities are obtained,

namely for the cell recycle systems; sugar utilization, cell mass densities and product con
centrations obtained at different regimes are also presented and compared with batch results.

During UF experiments the broth rheological behaviour was studied and model.lized.
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PROPIONIC ACID AND VITAMIN B12 PRODUCTION USING A XYLOSE UTILIZING
 
BACTERIUM AND .DIFFERENT BIOREACTORS
 

M.J.T.Carrondo, J.P.S.G.Crespo and M.J.Moura
 
Biochemical Engineering Laboratory, Department of Chemistry, Facul
dade de Ciencias e Tecnologia, Universidade Nova de Lisboa, 2825
 
Monte da Caparica, Portugal.
 

Propionic acid production by fermentation might be required for 
utilization in foods, animal feed and grain preservation; also,
weight yields to propylene are substantially larger than those from 
the ethylene from fermentation ethanol route (1-3). Industrial 
vitamin B12 production utilizes Pronionibacterium freundenrichij,
namely subsp. shermanii, the bacteriostatic effect of the acid 
produced being responsible for decreased contamination (4,5).

The kinetics of P.acidipropionici (ATCC 25562),axylose utilizing 
rumen microorganism, have been studied to assess its use to propionic
acid and vitamin B.12 production from cellulose - hemicellulose 
bydrolysates.

Concomitant utilization of xylose and glucose is observed up to 
50 g/l total sugars; at higher sugar concentrations, a repression
of xylose utilization similar to that described for C.acetobutilicum 
(6) seems tc occur. No inhibition is apparent for glucose or acetic
 
acid produced but propionic acid inhibition leads to a peak product

ion of 12 g prop./l in batch tests without pH control; controlling

pH at 6.0 maximum concentrations of 27 g prop./l and 8.5 g acetic/l 
were obtained. Acid yields are close to the theoretical maximum 
(82%) at economically favorable molar ratios of 3:1 propionicacetic 
-as compared -to-2:l- theorett t.'atT0-.Tgh velizal s yieidl fvoeffi
cients of 0.26 g cell/g subst., although advantageous for vitamin
 
B12 produution, lowered the product yield to 0.45 g product/,g sub
strate.
 

Low cell growth strategies for acid production and faster auto
catalytic processes for vitamin production were fol&owed using

either immobilized or fixed cell.reactors as well as cell recycling
 
on ultrfiltration membrane systems. Productivities, sugar ntflizatoa, 
cell mass densities and final product (acids and vitamin)concentra

tions obtained at different regimes are presented and compared viah
 
the batch results.
 

REFEREVCES 

1. E.C.Clausen et al., Chem.Engrg Prog., 80 (1984) n.12, 59-63.
 
2. M.J.Playne, Propionic Acid, in: M.Moo Young (Ed.) Comprehensive

Biotechnology, Vol.3, Sec. 3, Pergamon Press, London, 1985.
 
3. A.E.Humphrey, Chem.Engrg Prog., 73 (1977) n.5, 85-91.
 
4. L.J.Florent and.F.M.Ninet, Vitamin B12 , in: B.Peppler and D.
 

Perlman (Eds.) Microbial Technology, Vol.1, Academic Press, New
 
York, 1979, 497-519. iz
 

5. H.C.Friedman and C.M.Cagen, Microbial Biosynthesis of B12 like
 
compounds, Ann.Rev.Microbiol., 24 (1970) 159-208.
 

6. O.Fond et al., Biotechnol.Bioeng., 28 (1986) 160-175. 

Manuel J.T.Carrondo BIOREACTOPS 
Biochem.Eg.Lab. FCT/UNL,

2825 Monte da Caparica Yes;:' O,,/ 



jj)u rn jI~i.1' r i lt iiN ,k o slohgy I ( lg I W 141 1 9
 

I lic..cr 

SIM Ol l9: 

Purification and characterization of' three proteins from a
 
ha lophiilc s1.llh1 te-reducing bacterium, Desulf vibrio salexigens
 

,%I.(zechow ski'. (. iUque4 , N. (i:lliano'. 11.I)imot, I.Mo\ ra", J.J.(. Moura A,. Xatvier., 

B.A.S. Bl;ratoh, A.R. inoh and J. l.eGalP 
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SI;\IMAIY 

destilo irid i ind niliih n 

ducing bacteria, l)'iidl/fibriol sah,;t.i'gen strain lrilish (uiana At least 50% of the hydrogenase wlas foupd 
t he localeild iii the periplasm. The hdrogenase has a typical absorption spectrunl, a 400/280 nm ratio of' 
tt.29. a moleculir wesight hy sedimentation equilihniini of 100)and is composed of two subunits. It has 
one ickel, one ,lcmun alnd 12 iron atomls per molecule. The sulliie reduilase has a typical desulifoviridin 
absorptiton ,|spectirll. 

ll~ildiogecna .. bdile pri teins halc been isolaled from a halophilic sulfatc-re

a molecula r iseight of 191 It000 and iron ind z1nC associa ted with it. The molybden
ii'u-lroii protein isgray-green in color ind exhihit%an absorbion spectrum with peaks around 612, 410. 275 
not anla houlder .i nin. It i composed o.subunits olapprosi nalely 13 250 and has an approximate3,19 

mdol.'juar i eighl of 110 000, Three itolybdenim and 20 iron aoms are found associated with it, 

An exiensi e sI Idy ,$fthese ihec proteins %Nill allos ,a lter understanding of the function of these 
en/ites -ind also of'l their po ,bh, oleiI, Iniicrobiall k cauiised corrosion. 

INIROI )t I( ()N (591. itcathodic reactant 112] or in the Formation of. 
a reacitl phophorous compound 126]. 

Sulate-redutcing, bacteria have beeni implicated Ik.mlfjribrir e0.) solexigeirs strain British 
in Ihe ihenoluenon of microhiallyIcaused corrosion (iiania is Ile only well known halophilic strain in 
in neutral anaerohic ensironments 1131. Ilydrogen the genus Th'fl/doihrio and only studies on its cy
c.onsli iiip1 ion aid sulfaI reduction cintrihute to toeirone 'C, 116J fla vodoxin and rubredoxin [41 
this corrosioil process. Ilydrogeit is cOlnsulmed bh bae Iben published, 
the hydrogenase en/y me fron either fhe itetal sij- I Itrogvnases havebeen purified to apparent 
lice 15S) or roun ieiron sullide lilon the nmetaIl lonogelteit from many bacterial species, includ
128 11 drogen sillide is pr.dukcd by Ihe suIlf.te l&' ,tinacrohicinicroorganisms such as stulfate re
reduction ssstenl and acts as an midic reaclalt uccrs (46] aiid nIethiano eie bacteria (5.18.271. 

0ill/i 41-16 , 5 ) l .o , Stm elt ,i.! %licroh.hoi.i(S 51 * !rl liotiu 
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They are involved either in the hydrogen consump-
tion in which hydrogen is used as a reduclant for 
COI fixation or for energy generation via electron 
transport or in hydrogen production which enables
bacteria it)dispose of excess electrons [1,501. 

Ali importatnt enzymie in sulfate reduction is dis-
similatory sulfite reductase or hisullite reductase 
1471, This enzymte has been puirified from thle cyto-
plasmn of many sullftte-reducing bacteria [461 and is 
believed to becinvolved in ATP production in these 
micro-organisms [441. Reduction of sultite either in-
volves a cyclic scheme, utiliing intermediates tri-
thionale und thiosulfate to sullide f3J w- a direct six 
electron reduction to sulfide [461, 

A molybdenum protein has been found in some 
species of sulfate reducers from the gentis I)u,i'iln/t-
ibrin (A),) gtga. [4(11.). alricanu.s [21], I/) d sul/iv-
i4Uf, strains Ilerre Iau [7] and fierre Sol tour un-
published results). It is characterized by not only
containing nolybdenun but llso iron and labile 
sulfide, Its function is still unknown. 

A purification scheme and partial characcriza-
lion ofhydrogenase. desulfoviridin (bisullite reduc-
lase) and molybdenum protein from ). sah'tel.s 
is reported, A study of these proteins may help elu-
cidate the phenomenon of in icrobialll caused cor
rosion. 

MATi"R IA S A NI) Ml I-'11OS 

Gron'th ol cell-. De.iul/ovirh ,rithm.,exens strait 

Iritish Guiana ( N(III 84013) 
 was grown at .17'(Con 
lactte'suitfate niedium 154] %kitl 3.1)% NaC1. Cells 


Ibr localh/ation studies were 
harvested by centriftu-
gallon and immediately ustd. Cells (2511 g) for en-
,yrne putification were harvested, resuspended in 
10 mM rris-ICI (pil 7.6) lysed with a French press 
and then froien at -80"C until used. 

Asay W1ld IUtI determinations, Ilydrogenase 
,activity was measured at 32("either by the hydro-
gen evolution assay from dithionite-rcdiuced methyl 
viologen [451 using an Aerograph A-90 P3 gas chee-
nmitograph or by hydrogen consto npton wilh bell-
/)I viologen as electron acceptir using Warthu r 
respi roinelry [81. (One unit of hydrogeiia se actsit y 

is defined as thpotinaount ie nyme which catalyses 
tle evolUtion or thle consumption of I /imol 

I Diissinilatory sulfit redutase activity was 
measured by a maonimetrie assay at 32 C 1311 using
puire hydrogenast from D).gigaIs to ieducc meth)yl 
viologen under 112. The initial rate of liydrogeti titil
ization is proportional to thie amount Of sulfite re
ductase. Protein was determined by a miicato 
of thie [ow~ry method as proposed by Markwell et 
:il. (381. Iron and nickel were determined by plasma
emission spectroscopy using the Jarrel-Ash Model 
75 atomcomp. 

Oplical tpectra, Ultraviolet and visible absorp
tion spectra were recorded on a Beckman DU 7( 
spectrophotometer. 

lectrophore'sisand mlohul-dar iueight deztermina
lion. Purity of the enzmens %%asestablished by po
lyacrylainide disc e' 'rophoresis [II] and by com
parison of published absorption ratios for similar 
type pure proteins, Stbun:,t structure was deter
mined by SDS-polyacrylamide gel clectrophoresis 
1 71. Molecular weight was determined by SDS clcc
trophoresis. gel filtration using a 1 3000 SW 
anal)fical column (high-pressure liquid chromato
graphy) or sedimentation equilibrium [49]. 

I?F S U 1.-i 

L.ocmuio of the hi-drogerm.w 

Lysing the cells with the French press and cen
trifuging a, 120 000 x g lbr 70 min released about, 
80% of tie hydrogenase as soluble protein. Thecells ser (w:ashed in a 1:1 w/v buffer solution (pH 
8.1) of YtM Tris-1-f0l tO mM m)TA/500 mM 
glucose,3% NaCI, incubated in the same buffer at 
a 1:51) wiv ratio with 8 mg of lysoiytne/ml and then 
centrifuged. This results in 70 80% of tile hydro,
 
genase being found in the supernatant. A visible
 
spectrum showed 30% of the desulfoviridin was
 
liso found in the supernatant. Further experiments
 
using Mg('161l 2O instead of NaCI found almost
 
50% of the hydrogenase in the stipernatant and less
 
Ihan 5P! of desulfoviridin, This seems to indicate
 
a periplasnic origin for at least 501% of the hydro
genase en/vinc. t is important to add NaCI or 
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b1rite I , 7 

PUrii|;IIuri 1 i~jydrogcitO from I) alh'eigeng 

imI 

Crude extraoI 

I)lCAF lilo-(l A Ltunin 
IIydru xylpalilti j:olmnn 
GO Ccluslon by IINP( 

in ll tit l 

Totlctii
1
rul tn ,riin 

lig) /lmol 

10750 47190 

562 246'1 

28 
39 7170 

MgCIf, I,(jit)the washing or incubating buffers 

or the cells clump together, When NaISO was sub-

stituted 'at the samc concentration, the cells 

clumped tog,:ther and there %%as sonic cell lysis. 

inoPuri/ie anim oj Iiiirog'i'ose. ai.i/ridiwnd 
r -hnw prowiniron .ulslr 

All puritication procedures were carried out in 

air ait 4'C and the pllof the buffers. Tris-tICI and 

phosphate (K I'l). were 7.6 (measured at VC). 

The lysed Celis were slow,,ly defrosted and ccn-

trifuged for 1.5 i at 20 000 x g. The supernatant 

wa centriluged at 12(0 000 x g for 2 h, dialized 

against 10 vol. of 10 mM Tris-IICI for 24 h and 

then centrifuged at 120 000 x g for I I. The cei-

(,--Irwashed 

KM 
N 


I -. 

-A,l.. .... 


S..,,, 

ti I. .t.k.ritorintintlna ofoxidi/d inolibdenuiHcronml 

iron prolein from I,,I#,,t',ori, rcmorld ait
ah',.r,'ni 2T 


II1,nin) ( iolIllt2 mn pcrmg) 

44 

42.7 
W552161 

1830 

triluge. extract was loaded onto a DEAE illo-Gel 

A colunn (5 x 25 cin) equilibrated with 10 mM 

Tris-tlCI and the colunn washed with 500 ml of 

the sattie bufrer. A gradient or 1500 ml 10 mM 

Tris-IICI and 1500 ml 400 mM Tris-HCl was set 

up. A molybdenum-iron protein, gray in color. ca-, 
rhe off at 100 125 mM Tris-IICI. The hydrogenasc 

and desulfoviridin eluted off together at about 

200 250 mM Tris-tICI. The hydrogenasc activity 

recovered in the 112 evolution was 51%. , 
This last fraction was loaded onto a Bio-Rad 

hydroxylapatite coltmn (HTP) (4.3 x 26cm) equi

ltbrated with 250 mM Tris-IICI. The column was 

washed with 250 mM Tris-IICI and a reverse gra

dient of 400 ml 250 mM Ti is-I-CI and 400 ml 10 

mM Tris-IICl was set up. The column was then 
with 200 ml of 10 mM KPB. A gradient of 

1500 nil 10 mM KPB and 1500 ml 500 mM KPB 

was set tip,The desulfoviridin eluted off at about 

200 mM to 250 mM KPIIB and had a 409/630 nm 

ratio of 2,80 anti a279/630 nm ratio of 4.7. The 

hydrogcnase band (brown) began to migrate at 

about 450 mM KPB and was collected at 500 mM 

KPB. The activity was 65% of that from the DEAE 

Ilio-Gel column. The sample was concentrated in 

a diaflow apparatus using a YM 30 membrane. It 

was loaded onto a high-pressure liquid chromato

graphy gel exclusion column which was equilibrat

ed with 500 mM KPII (pH 7.5). Different fractions 

were analyzed spectroscopically and those with the 

highest 400/280)nn ratios were combined. Gel dcec

trophoresis revealed one major band for the hydro

genase and the protein was estimated to be 95% 

____________r_....________': (. 'V 
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pure. The fhnal Yield of hydrogenas was 15,2%. Asulm:ry of the hydrogenase puritication is found 
in Tabi I. 

The desulfovirdin appeared to be pure by the 
absorbancy ratios which were identical to that ob-
tained for pure desulfoviridin from D. giga. [301
and D. rulgarisIfildenborough [311. Before staining
the electrophoresis gel there was one green bandabout 25% down the gel and a red band which 
migraled near the bromophenol hlue. After stain
ing, one major hand was found in the location of 
the green band. The location of the red band 
stained hut slowly dissipated after 24 h. This bandk believed to he a sirohetne which is pail of the 
desulfoviridin [Si The cn,.> me was judged to be 
about 95% pure. 

The gray protein from the l)FAI Bio-Gel colun n ,wais load ed on lo a I P1Tcolum n (5 x24 cIn ) 
equilibrated with i5o mM Tris-l10. rite colu in 
%kiasdeveloped with a K1P gradient up to I M and 
vcr) little of the gray protein came oil'. The column%kasthen washed witit 2 M KPl and the majority 
Of the protein eluted ott the column. The 278.612 
im ratio is 2,92. The ahsorhaneie spectrum of thisprotein (Fig. I) appears to he very similar to the 

tool) lhenum-iron.sulfur protein spectrum of D. 
alricatniv(211 and has tie sane 278.5:615 nm ratio, 

('hara'leri:aliog q/ /ohdrogenast' 
The hydogenase of I). sah'xigen is brown in 


color and its native form exhibits a typical hydro-

genase JVivisihle absorption spectrum 
 with a 
rlad shoulder aroutnd 400 nm (Fig. 2). SDS gel 


elcctrophoresis showed that it is composed of two 

dilerent subunits of molecular weight 62 000 1 

5000 and 35 000 f. 300. 'fhe total molecularwkeight by addition of the subunits is 97 000 but tie 
molecular weight found by sedimentation equili. 
briun is 81 000. The ratio of 4001280 ni is 1.28 
ani the extinction coetlicient at 400 nmusing a 
molecular weight of 81 000 is 46 mM I - cm 

A metal content of 12.3 iron atoms, 0.8 nickel 
atolIls and 0.86 seleniunl atoms per molecule of by-
(rogenase was determiined. The hydrogenase doesnot exhlibit an activation phase before inasinum 
II.,evolution activity. The specilicactivity it the 112 
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I ie 2 Ect rni c k rptio n sxiru mot oxidized 'sadfiori
 
taale n ihyg llln25 pC. d 


evolution is 1I830 jmol/min per ng protein and is
 
1300 jpanol/inin per mg protein in 112 consumption.
 

(Chara'ct'ri:alio,oy'dcsutlfviridiu 
The optical spectrum of desulfoviridin ,hows 

a
 

absorption hands 
 at the following wavelengths
 
(run): 630 (0.595), 584 (0.374), 409 (1.668), 391.5
 
(1.544) and 279 (2.79); relative intensities are indi.
 
cated in parenthesis. The molecular weight, deter-
 rk 
mined by sedimentation equilibrium, is 191 000. Ic 
]'lie tnetal content is 31 iron atoms and 1.4 zinc*l
 
atoms per molecule. The specific activity is 
 136
mniol 12consumed/rnin per rug protein. The activ-
ity was found to be greater at ph 6.0 than at pH 
7.6 which indicates that bisulfite is the substrate142). An end product or the reaction was sulfide, hi
appearing as a yellow precipitate of cadmium sul- (It
tide, which was formed in the center well of the re- ar 
action vial. 

Ch ra te'riiion of niolthdcnwiin protein 
The molybdenum-iron protein is gray-green in 

color and exhibits an absorbance spectrum with
peaks around 0 12, 410, 275 rn and a shoulder at 
319 m (Fig. I). Denaturing gel electrophoresis 

p
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+
sielded handr of molecular weights o ap)Proxi-
nately 13 250. 26 )O,,42 5010 and (4 31)0. Thece 
results sueggest at protein of several suhunits of noo-
lecular tseight of 13 250. Theconditions were prob-
ably not sullicient htocompletely dissociate the pro-, 
(ein. The molec:ular weiihtI as tieermined by high-
prestire hquid chrom;tography analytical gel exclu-
sion column is tpproxiately If0000. li'h, entytie 
hIithree tnolybdenumu atois and 21 iron atoims for 
I1t 100 molecula r ,%eight. The aimount of t|tolyb-
denourn protein in the bacterium was large. Tlhe final 
amount isahout 50 Ing per 250 g of cells, 

DISCUSSION 

The loca tion of l h)droge nase in the pcripiasnic 
space i"D. ,-vi/rvio is not unuisual. Pcriplasmic 

AIdxiIy) Acltwc cwiter t(Cfeterwr 

9016 Sit- .C-SI) 135! 

Sir tI"F-S|i) 1251 

1740 Sir +t+.SS) 1421 

Sir # I c-S 41 

('12 'Air tl-v-S1+il ) 131j 

2N)1 Sir * t,-SIi/I2 ) 1311 

4 0) Sir tI C.S( 1Iji) 1321 

Iit Sir + C-SI(Y bi IJiiiuquc 
lu(Dpuhlislcd) 

Sit tC-S(t.2) [221 

AlI forr //rrriiriiru/Jb 

Is2
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origin of hydrogenaws is common in sulfate-reduc
ing bacteria of the genus Deuvlfovibrio: D. Vulgaris 
strains I lildenborough [57), Marburg [61. Miyazaki 
[21, 1). giga- [9].1, d .ruljiurhuans(NRC 49001) [391, 
and D+ hvitmUiv strain 9974 155). 

The existence of more than one hydrogenase in 
the same species of the genus Iksufn|'ihriohas been 
post ula ted 1431. 

The need for chloride at high concentration ( > 
2% in order to prevent the clumping of cells from 
I). saxig'tn may be related t soic funclion in 
the outer mcnbrane or inresponse to the use of u 
high concentration or EDTA. It has been round 
that 1). sah'qen.s has an absolute requirement ror 
chloride [37] and the cells in otr buller conditions 
exhibited an abnormal response to less thn 2% of 
it, 

It has been propos-ed that a pciriplasmic location 

....................... .
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of hydrogenase in anaerobic bacteria is a specilic I.c-S clusters and sirohentes (Tahle 2). Trhe absorpadaptation important fbr utilization of low level of tion spectrum and nmolecular weights of . sahxi-Ili and for interspecies II tiansfer 19], The pert- gen,% desulfoviridin are similar to that found in D.plasmic location of hydrogenase would be impor- g'gas 1301 and 1. rsulgaris Hildenborough [31], Thetant in hydrogen utilization from metal surfaces or specific activity of I). sulexigens dcsulfoviridin isiron sullide ilms. liowever, attempts to show direct lower than other dissimilatory type sullite reduccorrelation between hydrogenase activity and bac- tases from Desti/fioibrioand of assimilator,terial corrosion have shown mixed results. [I 9]. Re-
type 

sulfilreduclases from sulfate or sulfur reducerscertlly. a marine strain of a sulfate-reducing bacter- and methanogenic bacteria (Table 2). Comparisoninni has been found to utilie cathodically produced of sullilereductase activity froml lysed cellextractshydrogen from a metal surface [201. Conclusions of dilferent Desulf~iihrio showed that 0. salexigensconccrning 'hydrogtnase-less' sulfate-reducing bac. had also the lowest activity (our unpublished reteria
will have to he revised because many of these suits). Dissimilatory suilitereductases may understrain, are now kntown to have hydrogenase acliv- different ossay conditions form trithionate and Oit . e.g.. Desullotofooulntotrwntis [34J and Ihsul thiosulfaltc in addition to sulide. Destlfoviridin 
/loibiI ' FIUAghei la/ (our own tin.dsu/lurican., front Ithis
bacteritain was able to qualitatively formpuiblished results. sultide in our assay conditions,

Iles.u/uiibrio .oh-.. ge hydru genase is sinilali The optical absorbance spectrum and ntolybitothe recently purified Fe-Ni-Sc hdrogenases dncil/i ron content o (lie 
 . slh,.xigens molybdenfIound in 1). dcvtullurwa.ns Norway 4 1,481and D.bac- i, iron proteil are very similar to the one foundidhttos strain 9974 [55). The only known selenium- inD,alrii'anHe[21]. Similarity between cytochromecontaining hydrogenase without nockel is front C3of . lariiaous Benghazi and 1). sal'xigens Brit-
Althha 
 r jhi.oe,vetts jnn[601. The function of selen- ish (iialna have also been found [1 21. |towever,,un it this en/ynte isnot knt 'In. Other nickel-con- antiscrni to 1.A lricans JIenghal"reactscellslaining hydrogenases ire present in sulfate-reduc- weakly to 1). s.le.vigens British Guilna cells [53].
itg bacteria of the genus Ih'.etld/vthrio, i.e., D.gigas 
 The function of the molybdenum protein in De131. 1). tkh-ul/urican. ATCC 27774 1291 and D,'mnu- Vlfooihrio is unknown. Molybdenum in bacteria is
it.pirtns 1151. The IA saheigi 
 hydrogenase does foilrtdissociated with the nitrogenase, formate, denIot exltibit an activation phase as f'ound in two hydrogenase and nitrate reductase enzymes [24].nickel-cortaining lnydrogncases fron D.'iu/foiihrio The amount of molybdenum protein in this bacter110,15,361. There is nt indication in the published 
 iutm is large isis found in . aficanus (30 mg/250
retilts of alnactivation phase i l .wetthe nickel-selen- weight cells) and implies an important funcimt-containing hydrogenases. OThe specific activity ion. li D. sahlexigens the amount of cytochromes
ill hydrogen evolution of D. sah'.tens hydrogettase 
 is low and perhaps tlie molybdenum protein mayts tihe highest presently knosvnt value for nickel or function as an electron transport protein. The highnickel-selenium hydrogenases from It'. ufovitrio. mlecular weight and tihe subunit structure may
'Itis specitic activity is higher than previously re-
 also imply a ttietal storage capacity for this protein.

ported with tie hydrogenase isolated following a Further studies on the physiological function of thisdifferent puriticalion procedure 114]. Tite native, protein are in progress. 
parlially reduced atd fully reduced states, using Metal corrosion itt sea water is an importanthydrogen or dithioniteas electron donors, of tlte D. proiblem for the off-shore oil industry, Desulfovihrio H.vdl'vu'-.v hydrogenase have been analved by dec- sahviken,,s is illobligative halophilic sulfate-reductroll paramagnmtc resonance spcclroscop [561. ing bacterium antd ntay be used its an reference orfi dlssirn',,itory stiltite reduclases of I)esulluv 
 ganisin. Ilydrogenase, sulfite reductase, and itol-

Oto are co;;lr:y str',Ittores 172l2 subuttit struc- ybdenrtn protein (netal storage protein) which cantures illmotlecula r weights of ahti 200h 000, be key en/ynies itt ;inierobic bacterial corrosion 
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deserve to be well defined in this bacterium. A study Racvily of (.kage,+ul+io+,g+,u.s hrgnd, e IOwald.s uri
of these important enzymes will allow a tbeier icial and natural Orciron donurs Ila hice 61: 315-320, 
understanding of how thce~enzymes flnction, their ) 111.1, R.. VLJcUall and ItD) Petk. Jr. 1974. Evidence for

the I'eriplainic ho:alinn of1hydrogenase ilnDOsdsoiibria gi:,
role in microbially caused corrosion, and a more .t. J. liacleimlo120, 994 997d i ' 
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