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SIX MONTH REPORT
 

1. BIOCHEMICAL ENGINEERING
 

.
 V. Mixed culture, phase separated work
 

1..I1. Historical brief 

As rr ported previously, work started on the second half of
 

1985 usinq mnolasses slops +rom a ethanol pr-oducing plant. 

Due to erorioml u -coat ol suriqar on the worl d mar ket bei nq 

lower thar .h (tho: t. au'-ar m isses, rio pl ant i s usinrj nowun ro3nno 


tool asses in F-or tuuna and this shal Ic o:oti nue unti l at J east the 

end of 198b. 

ThEr, WnFr:e Febr-uary, i n order I- reprodLce carbon and 

sulfate rat;i os,, we are usirq a "comp.l" syrith e:ic effluent, 

with real riniproi: raar:iFl cone qlinr fcii. aaaEmS i] I lut-d asr:required 

and acidifird wih .B F1oihricr: ci; neveorIhelre .-s, as we do not 

buf fer or 
ad lv'o i_ fract.t [t' . t wouldw( be pr::nti'- i F] in then rai 

e-Ffl-ueinlti:) th, 'qulv Wi lln lt be Ut-ictJy roimiparaiiJ . Bot., for 

t.h ilimaii pur[p , r ntuyl.qrlylrilrriprd. iti on t,'&t.ir:,oriat l Irpn a reodlucrer 

and a oni iaViij :'cr hr-_ - , ias well Rs f or :he use o f ",acidified'' 

• iW t e irrpthairi:j.ni. t .. , [hi a anitih h.w arpropriIate as a 

"model. nys -em" 

1. 1.2. Layout 

7he reactor layoc t., inri:cated in b. 1.1. of our proposal is 

now I.oper-ati via w.iw:h two ns r'quvntali-neroh . i I rs; bith feed 

and a: id iJ q :,s:lor -v I Fi.ime t. i ratias tot gj faintd tho iiil.thanoqeni(i 

reat tor ari coiol ed t:o .C, the reac!i or s thoeimp.l ve; e i heated 
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to 35 C (see attached photography); both filters have a net 

volume of -.48 1, filled with hydrofluoric acid treated glass 

Raschiq rings at a porosity of 73.5 %. They are fed with time 

controlled peristaltic, pumps. 

1. 1.3. Analytical
 

Suspended and volatile suspended solids, chemical oxygen 

-;cand, pH, pf , sulphates and sulphides determinations are now 

imp.1emen ted :i n atcordance with Standaa rd Mh-ie.thods, as indicated 

in (the proposal. Sulphate analysis re-quires hiclh dillutions and, 

given the rnL our of9 Lhru int:t:IVIIt, iave Urnly an arceptable 

reproduci i I. ity. on K lu-hioimQ!:r ic: Iinih .en., 	 m J cl:h 

-i.f t.4 y ao cl f 1ict| . . r oi" f r on a 1laul ty inst rument 

req.i ri nq re-i I'o-rn L andso-1 t.- 11 a t;rip to0 [oru-o qa] of the 

techria ciil i c : I ci I t rup( * I ihe fl amre LoniitT: ioin I detector gas 

chroia-oqra.hi iv - '4 . . i. ,'irrrn-t: 01-i (:0oq l onr .ItS 14 t lq fCo t I 

wel l , and '01v liki i * at tv art: . c; t hoe cliotcn-l rond arid rcrct rI II rnd. 

ihe thecrr liI ca.or"i(-!-7 9 1.0l , . 7oo tf con r-ol,I 't t lr 'nd 1 i n r 

thnuqh [ yhr :'ti. o jut ba ton put; riqL_ nFrd thu:: clas rnanVT:i s are 

performed r;Q"li a e-oc-kl:y biasi , i n Ftheic- l.ahorast f-rfomntrI: vol sior y 


'etroqlimico tic.-. For-i-qa na.
was 	 do. , a myn tlhc:, plalt .loc:ated on 

fte 	oi:tlier side ri t L.l.ilhon, 

1.1.4. 	Preliminary results 

pH bn 1 frim a vael r.t I I gifiood fortoto inceaned 

ac idoqeriens i s (4.5 t:1tI at whic1 n:I suh iI ate redu: canno er s 

opperate, unoti l an opt imum i n reached a-s a iem amp 1 , although 

sut.lphate:0 ii;-: s ariarecied r 	 i_. val ad-ove tosi. d 	to pHt ab. six work 

http:chroia-oqra.hi


properly under suspended growth mode, the following results were
 

obtained .for pH 5.6 at this fi:ed film mode on the acidogenic
 

reactor:
 

- Sulphat.e reduction - 15 % 

- Total volatile acids - 16 g/] !of which acetic and butiric 

constitute 80 %)
 

a COD reduction(of 20 % being apparent at the volumetric loading 

of 10 Kg COD / m day. Io kl:eup Lhe pH at 5.6, pH control is 

needed.
 

For the methanogenic reactor , cur-ent ly operated at a low 

voli.unr'it: l.oading of 3.h Kq CUD / m ,day and a natur-ally 

achieved pH of 8, - su phaii- coni-ver-s ion of 99 % is achi evd 

yiel ii r UI).5 M 6 1 M.5 I- (or. da , ,at a ie(thanel.ii of 75cT-oniitent 

butlt wih: 0 I " , ydrotfen silphi de bei ng'- present in the gas, 

even at this rthr high p11. 

1.2. Pure cultures of Pro!lnbacterium acidipropi oici 

1.2.1. Historical brief
 

FoIl ow ri the I -ir mont h stay of Mr. Joao ['aul o Crespo wi tli 

F'rof. Jima iadlf, at. tIie Lii em i:,& I Foginer ring )epartment of the 

Unriversi ty of firfansami, fa'vettLrv I I, we have rtiararcrarin;enI full1y 

thee mii.:rrdbi n n y I tlit it. l.-:t or 1.1111t-im2,5562)'-qj r:l u:diiiy I'irofi(1] I 

un dl f +ereifq y e. W(] qIni ii.li-s ra i,:. .iiD 

i i mirobi : ioI I in I u r w iiI atA inFA o ppi.r at at di fI rent 

liquidIr rk"ii-oi ti:mes ar w-n art; alsoa us.ing a~ / li te~r i ermirnter 

workirqi on i ( linItws ly t i i ta.krl: l.ari mode ) , r tr (.biV usi rig 

ratios of xyL-9on glucose of 257. to /5 % tweiuht basis). 

http:ie(thanel.ii


1.2.2. Results
 

The results of the work carried out until late April have 

been presented to the Conference on "Diotechnology and 

Agriculture in the Mediterranean held in Athens late last dune 

1986 (photocopy attached). 

More recent resullts are still beinq processed. 

1.3. Future work 

In the near fufture we expect to be able to use, for both the 

anaerobic FilitLrs and the prop ionri c immobilization col umn, a 

novel sippor t con sin.tnq of syri htter, d qIass Has-l i q r ingqls with 

pore z1 1 t.W Jon, and to in, h- 6 OW O,) expec t i o hi gher 

.micr obia l att-acm: -ri"r " mIu I tul u I Jar--ir rnaLicLir p'roductivit y. 

T materi :tillI id in aborator'yhi sJ in:,nilm+ ar Vur only smDi 1 1 

batches, il-J.l h eii., k indly rrwiv d byP t S:cl:-hott Mlairz gro ip o: 

W'st- G3erman y ,kseu I. Hj ,pi n, an. H.. ,J. Rehm, 

Appl . i crobi ol . Hi1oti.chno ., .L 1 - ) 1?4-1/9). 

2. SCREENING
 

Ihe wok on the screeningopf enzymies and co-factors and 

their crl attuerizatm on as we] I as of met. bolites import ant in the 

ccwint iw. I. ia liti :ri i-/iL.r,- on asi tim:-,ercco Liritd. tih main results 

are aiStd hil ow­
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2.1. Purification and characterization of three proteins form a
 

halophilic sulfate reducing bacterium: Desulfovibrio
 

Hydrogenase, desul -oviridin and molybdenum proteins have 

been isol ated .from a haJ oph iiic sii fate reduici ng bacteri a, 

.De-_f viorhr s_ gen5 strri n Hrit sh hid aria, At least .fifty 

percent ofV the hydrrienasii was found to bh I oraLe(d in the 

perirplasm. lhe- hydr ,uerasin Ihas a yr: acit ir pabrion nipec-trum, a 

'01 C'/ O rrm i-,-ft: ; ..28, a mrolc:uiar i Ii-I: Iy se.dimrntatiiol 

M).1 U-7 and ciihunirtioqui i ri i otiif Diai i n, romlrosn,.d r i twi s. It has 

on riI , O1] 1 o hurt r iiii. [ a eir lecult . the 

sulf i a rulu.rt.u: ti Ac- ,'ps l c1fsoI frv ii di n absorpti on 

spectrmi,, a o-?( l w Q W Ia r'I i zinciot Ni-r nlinQ W Dtio. n l ,aild 

aSSoI cia:'red i. t H1 i . Ie r, ybtr'iiiiv--.i rn: pr 0.l .i I i "ay-grareri 3 rn 

and ikI: . i. pe.k I ruii iolor .rid uil an t sl wIfn p a s a-hroririd W ,I 

/ cnn nr is (:iosed410., iii and "1a ou.i I i .I 9 Hit. I 1 oI Sr.i t i 

L, Iy r-a-i WK PH 

wO ha. 21) are 

o.f ipprowiii I V IiDa:,_ apprn.Im a iiol]ecl.ar 

win ihtmd H1J Da, Ilhr r,' ril ybdemrimri aria r I atoIm 

f:ouirnd .sont0:ni-ii di-I w1. - itr., 

I j h.£ jp-otae in b lhti-1i !:. H, i a o otiil: thf thr i 'ee is beinIgnri q 

I .low underitandc1 on theseLhfiicl vi 1 I aa l a- bet :or nq an the -n.iir.t:n of 

i'1i' yiF'l-:, buti al so of thie'i r" pi_-Ip r a ii rrnhi al rausedrole ri 

iciir-rricr. ii­

lii vwor wmas-. carr ied nut ri mcn Iatbor at ion mi Lih the 

University of t.'eorgia group. 
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2.2. 	 The molybdenum iron-sulfur protein from Desulfovibrio gigas
 

as a form of aldehyde oxidase
 

Thre mo]ybdenum iron-sulut:tr protein, oriqinally isolated from 

WesLu I fovybr o giant by d . ..L Ilour'a at a. 197 ), 

bi ochem. bi nph,/s. 'es. , , /B2-189, has inen furtherLommiun. / 	 bee 

Ih vdenum 

e Lenirdrf rprhc:Lion wi th sodi m cii .hi on t-, has he r hown, by 

st~i -'' in IHi and &H nd c_-oiputer ! iml at ion, tot have 

parameteirs wit. We)Il) i.r--qe reoport'eid + or t:he S!ow Si qnal from the 

i r -v: y1 ih'. (-f vaor otto 

i nvest i Lated. molb (V) E. P.R. signal obtained on 

vle I"M ml. ybdmnm .::inclonta ining 

Iydr-o:'yl p.<7sI:,. In idht i. ,n * anoaiij Iinr s rt [ o ie1 onth -U (-rli l brief 

rcerdhc:t, i ocw ii I J 0 cit thinni Shoarw by E.P. U<., -1;, -moi.rl (ti 	 as' ir 

CO i:II"
diffot 	 n r :!il n L) a-o Rapid typ: 2 biqnali , li ke thoSe 

"rrcciIm 	 1.iII' MUcir v' o . iyiui-ii. L I cil uchf p ii: . . (0:14 Vi ty nIm asciemnicent 

r)J'iK- I d tootI then Lir-ol m had a I ciyre-­

-dic ll tr[,iIhiiJi (.)V- rlui-rr?r a out ivii Y, btt: n1 choiiixrb-nnldl e 

Ativity Iq a;,.e nt.-hi i o r l i . lSI ctcy aldr. hyeld was A 

part i o:)). I y i I')()cd t 1r& I P ot l -1 g tn r " E t. th Rtapi d 

inal. I"n" Li Dpr-,rd from their prorL i-'i 1byH '/lr :Ofacttri 

I'Lrn pl -ora :.:Iro. t LraiI rL iir:.t o I:,.--/. It i ."s )I( tided that 

t:hem lr-otLi ii o -r ic an a or" iahvdr ogci.oc(.a iiirm(of. 71 (d hyup oe I iI;ir( 

Fr-om llec, t y' of I I' I,(.. I-'. '. 5it ji, I 4 aid m m viri:zylui 1 
a.m I t:y 

iiboastLr-em-riIl . ii -3 0% of Ph"', [1 oi.,1 i appearn t" hue in theo 

I;nlr-I1.I(liO I I oir iii . 

hi .ri teinr Liti ot:if in 	 with Dr. K.C1. Dray.. r:rri i.t (col labirait:iorn 

(Ii vor itt:.y if b .,, ia , UK) . 
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2.3. 	Energy transduction coupling mechanisms in multiredox centre
 

proteins
 

lhe data obtained for the physico-che:ic:a parameters of 

qtDs IA-" f..- P tat1 C.yt. -C: ([51 a:.. small t t..rahaem electron 

tranfe, proWI"oin analysed in termu of:i#or wore0I it.s possible un e as a3ll 

Weor:tro" / I rol-on / pht, sphoryJ (r-oip transier potrltial. :ou:)ling 

devic:e see doseienlose-I manusc:rtrpt:, J Inor'n. i pres.inrlhem. an 

2.4. 	In vijvo NNR experiments 

A larCp,, effor't 
 Ihas been qiver, tCon se.iet up the techniques 

rece..ssary (7 i rvr.'v Ph- tI:obe 
phn phnir- st metabol i t",es,, I Ig kn v r 

No:lm q kosnniancu Sp)-c LrI30(jyI 	 ly ltii . Ucrr pre Ilim inIary resul.ts 

hoveF , rr r that it i ' ( .i In c.l: crV , l.tvh - si; liali'.tlFiR f rnltr 

Cho-:: ml,:cil,' I I i. I I, ji ol: l we lI , ni I and ar neC opIwIMI ZI IIC 

tI.ro I.r,:li1 i Itir1,I i orIr I.(iaossiqnfrOe the t1o:. ne1"n eon thea t.eir. i o i r ly 

l f2 Ifr I ,I ':Ita 9;IIi l . 

http:resul.ts
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acetic 
 acid produced; 
 propionic acid is
thus ma:imum a strong inhibitorconcentrations andobtained in the batch tests peak at12 p/l;
 

2 - At high total sugar initial concentrationsnormal batch tets of 50 g/l (oneuses. sl.ghtlyutilisation .i 
less than 25 g/1) Xylosebatch concitions:y Losel nd 

is low (maximum of 2.5 g/lio diau:ic: growth at 75%seemslimitaition to takeat place; glucose75% wylose dramatically reducedis worth remembering acid production. IAthat hydrolisresidues of agriculturalwill and forestyyield concentrations of c. suqars ranging from 15to 35% of the totot sugars; 
- Acids were produced at ratio(molar basis) as compared 

a close to :1 proplonic/acetic
to 2:1 theoreticalpropionic ratio;has a higher cost, since 

yields 
this shift should be increased;are :lose to the acidtheoretical ma>niLmum (80 to 82%);
 

4 - Cell 
 mass yield cofficients
substr. are high at 0.263for this facultative g cell/ ganaerobe;adavantage this might befor vitamin anD12 productionyield but loweredto u.452 g product/g the product.Lubstrate.
strategies uhould Thus acid production 
immobi lisation 

aim at low cell growth, namely by usingor high cell concentration cell 
reactors,with product concomitantremoval for inhibition control. 

5 - Evenbroth a..t.ugh no cobLL was0.5 mg/il cmpare added, vitaminwell with B12 contentsliterature those reported in theurder raerobic in theconditions 
to 0.9 with cobalt additionmg/1) (0.3lor PropionibatcLerium species. 
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ABSTRACT
 

The data "btained for the phyi o-chumical parameters of 

Desuifv ibri o gg, cytoulhromne q., a small t:rahaem electron 

transfer- protein are analysed in terms of its po.ssible Lwe ag an 

el.er. Liron / pr-oton, / phosFpr.or y.l Ur oLi Wtransfer potenti a c uLIpn. g 

device. 



60 ur;0 a r L t~u 

U$Ct eerCnoc a : 

Ib~Lt I-)i,c (Inral d retheof'ed 

0f1,tw c) e Iectron s, i n a~si ngi sep, le~~a~~tncip~nj 

wel 1 -recogn ~ed 'process ec 6ss'a y fqc.orto ~po 

carry rg r edox proteins; and pronton ph sp 1)u yI groLP t~ransf ­

paet ial COUIpin g has 'to b e considered it) order toa e~ip18in inju
 
enL-rgjz dI and OL1APO ofO 

y.'p~rpone wi th' I eaa thi5 arrt' cia tb u t3i 1VZi hc rc u n 

obtai ned data on the-' chAracteri zai or) roftirLho mi ti ra.doi<ce 

defla~ar: uooas mod P2 I r hsc hrety(-' 

a IoII ulpr-ptI ie c a 111~of ajprf w koy1)~Lk~iw2 .Q The 
-tI ja a r t ( m~r ha-4Y aru--a- hi id / aw ayro.i a-. ,, a~­

:p si n oplsLhioaipyrUVs4$ kdehydrcIoenkx0L -A h 

C: e,11o 1 a-Lp o o o ai y h d cctn -e 

,a o i r4 twif);v:tr u)s r o pro j ayc 0rOI1Wy ' 1J1 L' 
1--17 .7 ~ ~ -a a a'- .~- a 

4p1%~ 



d'CDw ranP r-. 

RESUL S, ND DISCUSSION ''c, 

Mt MR t u d Of D ct ug1r omel f-asIaIo i P 

t ' u~a t i n rOP iC. mIc p pC ennofI ' o ikpint re Da4 ia -d or, 

LXP n '-the r'c Qx I ir atban of thi s tpt'raham jroteihn 

dmi dhoin Ld oeo lTo ea-ch -o f the~~f Oi 

iaeins 1is epelden t on thei ox, 5t t e of~-the' c)t hP-r trc hul 

resulting- i n the pr e cn r-PDf i nt Lract ion woeta~c- c-btw n 

in -An hjari n 'ni V4'1 1 I rthovs the d~t o~btained faor tIi~e. 5 

s~haems bep nt ia t~1wdo wifferenseri- midepot~iint redo n 

P )toti hc t fo~r the ftil Iy oi i i~rIf f :TLIy 

ai aerer; pH~valuofi, 7. 2 aind 9. 6.. 

rie. np ,t ar I Dit nelgil ri 41 scre~i4d4 

t tr'\ crt t th'e Presenice 11 JIon d in o pos P 
C ts hitha s arii oii inte acts Spe i iC~alI y WA I-)Cy'(:I 

'n r- rkt r.d 

t iL eT ip i e irU ni F '-tw yad r?" 
r,) , rI ,o1 ( L% iLu-m lu . Iar . t ~i v c I a 



,~~~.~ .uar .........~s 


ectide oLehe c~~d ppdt:,'h. lof emnntcpoi c a1cst (R 

orb'and an'.'' 

1 H0 dj;L). enc the'4 ~h~1& 

pot G-M 41" Sato v a Or)atd 

I tD 

i ractia potentials was prL-VSiol1y reported (5) This vw done~ 

'ca tijg ajui ar f ract i ons f oir thecdi f 4ei-Elnt oi0 d Ation L t epsc the 

QS Stld, ep, I- xo a i n s o j~h4r j o 

o'.ed -dO ad z nLp:t Se ,I, Wihcr i
 
Stepd5,t t,
ta-,.,

1, 1aes died or 
-i 

Lh in~ spaenforo, r bt'e.i6d Et (Ie e n 

henn ~oi dzed 

AiLr 9 of Re f 5). H-owever-, this analys r-ef1.oc.jt only thc~ 

~th*o~- ob~ain~-i6g 4 the redow 1ti trati
 

L min :hc dlynanmi cq.e iIi bi Lim i'rn which each protein MAm1 -U IV. 

U- ber-irvoIvd f or risphys o ii a aCLivi y. d furinIA C 

CoAt ic e ig r ., I hi n flr fl 
I SUIip ,t. C t it j. t A ;At Aor e c h C- t V4 C'IhJ 

uAAAAec' rlfo CAr rcs , e rnsatee sc e pevd 

Spe. Jit il Ij y L Ay c AAeft A A f Cn inje it b Le s A e lIo Ahi.t 

( iv A 1rceiyed)L 30f s tatthr A j !3 noA tt mefur ~C I~ hu ic alA 

~I ACr n cA b Atand Ths- I r ~ A c m I wen . 

AAAA'A t t" Ci A t n - of A thF- hofmt, vhj0A 1 rt~ It A n A ) 

Ctan~e A pocss Cfl eeeton ae ~jvei r0gi4U 



ota; igi ke c I~ raB'd 1-!t*'it 'ipon ait 

str ede Prj', direc reult ,Q *t o ntera r I 

Qpenti-1l--,wich lcan b e viewed- as ,cooperati vity, effects, eite 

oiit ve wh en I -ga 1o~ <Q 

oreai2rstt. vbevo4iil P.sEsi th_ 4I <eith 

41ih 

pys & o g1Ca useful 1 in icrQs c op i c r cdu C.t i L)nPoten1t i alI i1re o 
Cis~~ d, alA 

h~ ?dawn ~asb w es in F-igi~re 1: Le 0 &C ad 9 

respec t i vely fork ha 1n 1)fe haem Nith AthpK1owo'st midpoCnt 

rEd~~tc~ptetil n hefully, rFducd s Ae and hem5 2 , : 

and 4 the subsequent~ones A(the uprcitiniapt 

h a L. 

Fi gure I also shotifi t hat :i r a dnn -.U ri.1) duej toY 

+142 mVthei r iipoi nt reduction potential i sthe S,-A M 4L Th 

, c'ct ~rane Ivc.t r on, cou.pIA ng 

21 

the Aprotein has t.he neov 

I~In'thi 

E)s0 r P__UIa t ory 

t cto beoe ,Av 

analy~if: the role Lif ha~mir, I alnd 4 11it ntrpr( 1t E 

o ne which rmeIt.s thep -cerie f or a two--el etror, u't o .) 

protein-protein recognition~with cx ii 

h , fDIop~-in fhlm2 ~ a preparation s5tep fo.e-, wb 

e~e1ctroi step 'to ;be, act ivated,-, whi ch s theQ one (Mff lct1ve Iy""ui iV c 

by~ -the electron tranzfer~ tchaln' This nlechani sm 6 Fact ionr ol 5u 
-4Ow5 ,,toAAA overcom th'AgigdiIe m e-.vn t otcPJf r v 

wi<' vif iA r r -, r t i o ? cAA. A.A I La 7, ft- (1 4 Th t, I 

o< IA A; AA.AtrA tra Ary c t c~ eal 





amazing protein, warrants the impcrtanc:e f it, comptete study 

in order to use the acquired knc)wl]edge to further the 

un)derstanding of the sophisticated systiems used by more ,uvolvd
 

cells.
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TABLE I 

Interacting potentials and mi dpoint reduction potential 

differences for D.jlgas cytochromne c1 in mV (pH* are the values 

measured in DO) 

pH* 7.2 pH =9.6
 

21 >49
 

32 40 16
 
. 

43 59 80 
21 35 5 51 1 

18 5 1 
34 25 8 

75 
 1
 

112 
 19 5 14 3
 

113 -26 5 --29 4 

114 6 .1 36 4 

42C 1 41 7 

124 --24 t -31 

34 -18 3 0 1 

8 



Figure 1 - Cytochrome c microscopic midpoint reduction 

potentials. Those actually involved in the electron trans .;r 

chain are represented in boxes. The evolution of the va].ues for 

each haem before oxidation (--) and before reduction ((-.-) are 

also shown. The interacting potentials are represented by broken 

lines, positive slopes indicating positive cooperativity (I.. > 

0) and vice-versa. The combination of negative and positive 

cooperativities, at different on:idation stages, reinforce : th
 

dispatching effect (e.y., 
 as I12 >0 and 113< , oxidation of hiaenm 

I (e) makes haem 2 (e I ) easier and haem 3 (e) more difficult to 

oxidize). 
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