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I. ABSTRACT 

Project ll'/R<IV82/012/11-03/Bl32.1.I 

July 26 - luguat 9, 1986 

Consultant OD Microbial Strain Collection (DP/RCIU82/012/11-03/Bl32.1.I). 

The Institute tor Energy Related ChemiStl"J & Biochemistry (IECB) Bucharest is 

developing both eDZJll&tiC and r.-.entatiTe approaches tor the conversion ot 

biouaa (lignocelluloae) into cbmioals and teedatocks (ethyl alcohol•, industrial 

enz,..a, single cell protein, b .. maaa converllion to alcohol and L-•etbionine). 

Miaro-organima (bacteria, t'wlgi, yeasts and actinC!!Icetes) are the key 

"biological catalysts• in the developaent ot these technologies. 'l'be aajor 

• :•bjective ot the site visit vu to assist DCB in aethoda ot gaining highly • 
jiroductive aicrobial strains, their preservation and approaches to selection or 

turther hyper productive genetic variants. During an 11 day tour, these 

objectivea were addreased through a aeaillar aeries (seven lectures), plus 

discuaa:ions ot the potential and operation or world 111.crobial culture collections 

and analysis ot the critical tactors in laboratory screening approachea tor 

selection ot ld.crobes that et!iOiently transtona bimaaa. 

The current DCB projects on bimaaa tranatoraations were r9viwed in light 

ot this background and good progress noted. Re~endat1ona were ude or 

approachea tor procuring turther strains including via direct isolation rrm soil 

(inulinase), trm industrial cult:!!!:!, col lectioaa W.-a.,.laae, protease) and troa 

private collections (cellulaae). Further strain illprov•ent prograaa Mould 

incorporate classical llicrobial genetics approacbea, wllile to.• large term 

development it is appropriate to consider developing a~e expertise in recombinant 

JJfl technology. 

-i:ey Worda 

.. 
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Sc1entitic omaunicat1on appears daapened bJ interainable bw'•uoratio 

ottice 11Uipulat1ons reaul t1Dg 1D slow intonaat1on on truster ot lmawledge ot 

the world wide current status ot Biotechnoloer and even 1D ordering equipaent 

and supplies. In Biotecbnolog both dram. tic and rapid advances occur 

relat1vel1 trequentlJ. It is abaolutelJ essential to lmov the current world 

vide status ot research it Raman: . is to b3 ccmpet1 tive in Biotecbnoloa. 

Bovever, DCB bas a restricted nwaber at Bf otechnoloer journals. Furtb81"11ore, 

little attention baa been given to personal letter writing between researchers 

to exchange current research advances and 1deaa althougb this ia the aoat 

videl1 used •eans ot gainiDg current researcil status. Most ditticul ties with 

acquisition or strains can r•dilJ be sol Ted ;_..;. this latter approach. It is 

considered absolutel1 eatential to ir"prove c~unicat1on such as via the uae ot 

the veeklJ Jour.ial Current Contents, ~rsonal letters to researchers vitb 

regard to availability ot mcrobia.' atraiJla and tbe current state ot tbeir 

research, purehaae ~ a rev key montblJ journals and via computer using data 

buea and alao Tia aatellite/tele_pbone cmmunication to Moscow and Nev York on 

"Bicmaalf leta.• 
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IRTROOOCTIOI 

The Institute ot Enera Related aiem.st17 and BiocbeE.str1 (DCB) is one ot 

the tventy-tvo Institutes ot the Central Institute ot Cl•istry. These 

Insti~utea address industrial goals ot developaent ot industrial tecbllologies 

and range trm the utilisatian ot raw •terials trm minerals to bicaaas. The 

IECB established in 1981 •pbasises the application ot biological/biocheai.cal 

solutions to energy related areas. A. •jor part ot thnr progru focuses on the 

develoiment ot aicrobial tenaentationa and ot the application ot enzymes. It 

includes the utilisation ot ligDocelluloaic agricultural residues, novel ethanol 

tenaentations, single cell protein and application ot ellZJlles iD dairy 

(catalaae), leather/detergent (protease), co•6tic (eateritication), tood (D, L

aethionine iscaerization) and enviroment protection (phenol oxidase) industries 

(See Appendix V1). The group couiders other products trm pb7tamua; tor 

instance trial• with plant pipw.ts (Medicyo) have been initiated tor use in 

aargarine (Popescu et al., 1986). St. BNgaprea haa specialized background 

interest in this tield with a chapter in •Synthetic I>Jes•, ed. L. Floru, 1911&. 

The IECB projects are distinct trca other Rmanian •teraentation 

industries•. Fer example, trm general couersation Rmania appears selt 

sutticient tor antibiotic production with major production tacilities at Iaai 

which IUUlutanture penicill1n, cephalosporin, kan&llJ'cill, streptcmycin, 

chloraaphenicol, •photericin and aegaajcin. Aid.no-acids such aa aono-aodi.111 

glutamate, and vitaaina are produced via tenaentation and are sutticient tor 

the Rcaanian market. Fermentative production ot ethanol 1a at tvel ve major 

ractories in Rc:aallia. Nucleic acids are routinely obtained trca abroad (e.g. 

Ch•apol, Cz.choslovakia) but are produced locally by termentation it the need 

arises. Fertilizers are produced tor export. 

The total start ot the In..,titute (about 60) are generally young and keen. 

Their training retlects the classic disciplines ot chellistry, biochemistry, 
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eac1DH1"1111 ucl blol.acr. la tile reeearab sroJeota toou Oil sro41aota tor tile 

ohm.oal 1Dduat.l"J, UM tra1111q 1ll the t.br• prier d1aaipl1a• ocmpltMnt.a tile 

reaearab spberea. Th• biolaglats are well trained, but not all baY• ajor 

expel"1.enoe 1D tile aub-diaaiplim ot marobioloa. 

The Iutitut.• tor lne1V Related Cll•iatrf • Biooh•1at17 (IICB) Buabareat. ia 

dnelopillg both •UJatiO and tementat1Ye ap..-oaabea tor the OOllYVlliOll ot 

biomass (lipooelluloee) into ab•ioala and teedatook:e (eth1l alcohol, 

1Dduatnal ens•••· aing_le !.!!! eroteiD, bimaaa ooaeraion t.o alaobol and L

aethioaine). Mi~orpniaa (bacteria, flimg1, J!Uta ud aat1Dcmyoetea) are 

th• k91 "biologiaal oata11au• 1ll the dnelopaent ot tile• technologies. the 

•ajor objeat1Ye at tbe aite Yiait vu to um.st DCB ill •thoda ot gaining 

bigblJ product1Ye ld.arobial atrailla, their preae"e ·ion and approaches to 

aeleation ot turtb_. bJper produot1Ye genetic Yarianta. 

the• project• vere rniwed in relation to mcrobial atraiJla/biot.eclmolog. 

i rey iw ot microbial nraina ia presented and tben each research topic area 

addna•cL the ethyl alcobol production and illduatrial enzrae projeota abould 

field Yi.able aborter tezw reaul ta. Upgrading ot bicaass and alao the oonYeraion 

ot bimaaa are longer tem projects tbat will g1Ye a tim baaia tar a 5-10 year 

.Proer•· Tile bioch•ical products (enz111ea, muahrocma, etc) should be naluated 

vitb regard to ae1m .. c.1al realitJ. 
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RECOIMDDlTIOIS 
(In Order ot Priority) 

Rote that I acted as a UllIDO Consultant on Microbial Strain (Appendix V3). 

BoweYer, attention to the tvo priaal'J rec~endations would sol ye most ot the 

probl• ar•s, even though these recamaendations do not specitically address 

lliarobial straiJls. 

'· Library Heeds: 

Seier~ progresses by challenge to accepted theory /Mthod, quick cbuge 

ot direction tollowing novel :lna1.gbta through aperiaental probing, all 

enbanced by broad exchange ot ideas. ID this cl iae, Biotechnology is a nev and 

rapidly ad•~cing tield, its rate ot progress is accelerat1116 e:zponentially. In 

order tor IECB to stay abreast ot current advances and to be ccapetitive, it is 

essential to bave the aeana ot OOIDUDication at hand: Yia current Biotechnology 

articles, ccaputer data ba11aa and bJ personal c~unioation. 'lbia is ain1mally 

addressed at present. 'l'he purchase ot journals that addreaa rapid publication 

ot DOTel/U.gnificant reul ta and ot current reviews, and other means ot 

ocaaunica ti on ahoul. d be expl creel. For enmpl e: 

11. Current Contents - a weekly journal ot the latest research articles. 

This journal allows tbe researcher to maintain current awareness, arid includes 

addresses ot authors to tacilitate writing requests tor reprints. Note that 

the coat ot postage tor tbe requestiD4 ot such reprints is miniscule in 

relation to the cost ot the tull Journal, and thus a respectabl~ amount ot' 

monies should also be Mt aside tor tbe coat ot suab postage. ( Personal No-ce: 

Following publication or a paper (cited 1n Current Contents), I re~eive 

n1.11eroua reprint requests trcm Czechoslovakia, Hungary and the U.S.S.R., but 

never a request t'rcm Raaania). 
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a. CUr'Nllt rni• jo111"1l&l• .... eqaallJ iapartaat: B10/Tealmo1017 

(general art.1ol•); BmJm ad Miorobial TeolLDoloa, J. r .... .atat1oa TeobnolOCJ 

(Japama• toou). 

13. Computer 1Datruaentat.1oa aboald t!e iDatallecl to permit u••••t ot 

ourrent atatu ot a reauroll topio area Tia the pneral lJ aYailabl• OC11puter 

data ba•a. lt tile Tel'J least, annal oe11puter aearcbea ot DJ' wrrd&/ti tl ea 

tor •oh projeot aboald be ooaduoted at a aajor center, e.g. Moaoov, Tiema or 

lev York. 

1-. ReMarcb probl• aol Y!Dg ia often aoat readilJ' aol Yecl tbrougb diaouaaion 

ud aan be Tia atellite/telepbone •oonYerat.iona•. Cmput• oom1111iaat.1on Yi& 

atellite abould be eatabliabecl to the "Bimu• Ccmaunicat1on letvora.• Dr. 

Murrar Moo-Young vu tile l•d_. ot one auoll netlfork, vitll partioiputa illoludi.Dg 

Canada, India, aeyeral Atr1oan Countriu, Olat•ala, lw Zealand, U.S.S.L, and 

the U.S.l. u Dr. Moo-Young will be a oonaul tut in loY•ber, 1986, thia topic 

abould be diacuaaed in detail with b1L 

.as. D1atr1but.1on ot tile UIIDO l"niev11 ot topioal reaearoh would t1rth•r 

all .... iate -· librU"J detioienciea. 

B. Co!DuteN 

B1, Tb• adYantagea that are ottered bJ tile uae ot omputen, plua the turther 

progr•a that grOll tl"m th-. and nen illoludillg auob amdue progr•a •• 

grapbica and cb•ical storage liata, make auob iutrmentaUon abaolutelJ 

eaaential. Fol" RmaDian Bioteobnolog to be cc:apet.1 tiY e, purchaae ot cc:aputera 

tor tile general labc'>ratory 1a neceaaal'J. 
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82. The Coaputerized P81'9l\lltor is a tocua ot the total DCB bicaaaa research 

progru. 

(a) There :Jball be imlediate phone calls to clarity the exact status ot the 

purchase. ~: On ., return. 111 phone call August 13, 1986 to Robert 

Willi•s, UIIOO, Vienna now indicates that Ch•ap have praaised delivery ill 

Rov•ber, 1986. An earlier delivel"f is re~amended ill that Dr. Moo-Young 

should viait IECB ill lfov•ber, and it would be best to have the uOhi.Jle 

operational by then. An assesment ot the a.map Ccapanyts dmonatrated 

ability to service Olivetti COllputera is still appropriate to consider. 

(b) Further aoai.es be allocated to permit tull purchase ot the total 

teraentor, e31puterized control systea and down streaa processing apparatus. 

(c) Consultations with Dr. M. Moo-Yomg (or alternate computer 

special 1st) sboul d be made. 

c. - Straina: 

C1. Bacground: There is an iwdiate need tor "Vorld intormatiao• on 

culture collectiaos. Thua it vaa strongly reccmaended that the culture 

catalogues or tbeae institutions be purchased. Bach catalogue oontaina an 

incredible assemblage ot cmparative data including citation to deaoriptive 

publications, keys to straina attributes (e.g. a listing ot all cellulue or 

uylaae producing cultures 1D a collection), preterred growth •di• and storage 

conditions. Note especially the German, British (ICIB) and Japanese catalogues. 

C2. General training: It is telt tbat general expertise with strains ia 

easiest developed througb experience. However, should traid.ng abroad be 

envisaged, experience covering botb culture storage and also microbial 

activities should be sougbt. 1. e. thougb certain laboratories are excellent 

taxonaaic centers they may have restricted programs in relation to Biaaa•a 

inveatigationa (e.g. the Cen·traalbureau voor Schimel cul turea, Baarn). 
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Barner, tb_.. are otll .. oent .... tllat ba•• aoo4 mlarol>1al oolleot1oaa pl• 

b1oab•1cal reaearoll 1et1T1t1 .. •er• 1D 11.De vith tllOM at B1mua reeearcm at 

DCB. nu-.. en.plea ot 1eaat laboratori.. auttioe: B. Sallnel.der, • t1onal 

Ruearola Couned.l, Ottawa, Canada (pentoae •tabolim), a. ltk:t.aeoa, Brwillg 

Beaearoll Inat1tut• lutl •11 Sarr911 UI (a diT ..... J••t aetabolio prograll), L 

Bothaat, U.S.D..L, lortll81"1l Regloaal Laboratory, Pttoria, lllJ.D01.. U.S.A. (broad 

biaaua progru). Ob•ioualJ there are mDJ other reaearab progr•a, tor 

iutuoe •• teaat !••letter,(&. Pbatt, Dept. Food Teolmolog, Vld.TeraitJ ot 

C&litarnia, Da•ia, CA, U.S.&.) - an int'omal but eztr••lJ 1Dton1atiTe 

.. qui.De• that OOY_.• tile vorld'a aot1•1t1ea tar 1eaat tllougb real.it)' deaanda 

a $5.00 per Je&r aubaor1pt1on. Ita excellent Tal ue. 

C]. Genetics: The d1801pli.De ot Miorobiolocr 1a bread: the budli.Dg 

and nutrition ot llicrobea, their b1oob-.1.at17 but alao their guetioa. 'Dle 

latter includes autation, •tlloda ot gene treater (traraatorutioa, tramduo

tioD, conjugation, tmgal aenal and pua•nal CJ'Clea) and aneral aapecta ot 

reombiDaDt :m& reaearob. Tille vill permt tll• deTelopaent ot sr•ter 

experience iJl tlleae latter areas. I truat 11J lecture• aleo 1a•• a fiayar ot 

"total mlcrobiolcg•. Bowner, IICB laolm an apert aicrobial paet1o1at. 1he 

runmng ot a Uort iJltdaiYe 111.orobial pnetica OOV• bJ a Yia1t1q 

lliorobiolOli~ voald proyide ateppiJll atoma iJl laboratory psootooola. a 

al t..-.ta sugpatioD ia tar a atatt biolopat to attend a 9bacterial 1enet1CG• 

courM, tor 1.Datance ottered bJ IMBO (hropean Molecular Biol oa Organisation) 

or at Cold Spring Barbor, (CSB) lw York, OS.&. la turtll• exp .. t1M 1a pined 

&Dd entl"J into the recmbiDaDt DIA tield be'lOmu a reality, it 1a stroa&lJ 

recomended that a atatr biologiat be •nt to a Molecular CloD1Aa Cour• again 

e1 tiler ot EMBO or CSL lot• the amo ud CSB OOUl'M• are apenai ~., ($~0) and 

would require V.aten ourrenoJ. 
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Q. Stra!Da: 1b_.. atlll r•alU tb• ca••tioa ot ooata uaoaiated v1tll 

gaining tb ... oul tw-. Direot purallaM 1a pret'•rabl• v1th rtpl'cl t-o reoeiYing 

u authentiaated ~train but 1• reat.riotiY• vltb ooata rengfng trcm $20-

65/oul ture. lote tbat oul turu reoeiYed tl"C8 Butern European lepublioa aan be 

aubat&DtlallJ cllap .. that t'Joca tile reat ot tile vorld. !t ia •pbaaised tbat 

thue atnina are atteD direct cl9aoeDdenta ot an or:lginal cul tare that bu been 

depoaitet.: world wide e.g. at lTCC. CBS, IFO eto. Potential aouroea ot tree 

oul turu are auggea~ed. 

D. Inat~tation. 

D1. General: In crder tor UIIDO to ga1D a tull_. underatandiDg ot the 

inatM11entat1on tacilitiea at IICB, it ia atill necea...., tor a oonaul tant to 

ccmduct a auney. 'Dlia couaul tant peramablJ' M. Koo-Youq, should request 

clearance to Yia1t all th• DCB laboratoriea and pilot plant laboratoriea. 

ldditionallJ, it WOuld be aoat beneticial to Yiait other Uaociated 

Inatitutea to gain a tull idea ot tile co-operation vit!UD tile broad 

Bioteolmolog discipline. ?bua penaiaaion abould be requested tor Dr. Moo

Youag to Yiait other Departaenta tbat baTe a intereata in "Bioteolmolo0• at 

t!le UDiYersi tJ ot Bucbareat, at tbe Inatitutal de c .. cetal"i Qiial.co-Faraaentice 

and alao tbe Colectia latioaal Inatitutal cantacuzino wbich 1a dftyeloping a 

projeot inYol Ying reocmbinant DIA techllology. 

E. The celluloae/ l.11Do cellulose conYeraion proJects 

Tbia is a loagll' tena project. Focus should be on utilization ot aYailable 

bypercellulolytic autant atraina with reprd to both enzyu production and 

ettectiTenesa ot the cellulase iD aubatrate coDYeraion. Maxiaal saccharit1ca

tion sbould be Haluated using practical pulp and paper industry aubatratea. 

More ettectiYe auaiu can be deYelopecSt e.1- vitb bigber apecitic actiTitJ or 
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catabol1te repression resistant straina vbich g-01 an soluble subatratea. An 

outline tor sucb approaches is outline 1D Appendix ''.U noted in Rec~81laa tion 

G, my pretei•ence would ul. Uaately be tor the use ot cellulase in a combined 

saccharUica tion/termenta ti on approach (SSF - siaul taneous saccbaritica tion 

terwentation). C:-t the IECB projects, thi& one is the most complex and needs 

aoDitoriDg in relation to advances by other vorld bicmass centers. However, it 

will provide a tina basis tor the microbial/teraentation prograa. 

r. Enzyaol911: 

Developaent ot industrial enz1119s t'alls into both short (5 1•rs) and 

longer tena developments. The selection ot vhicb specific el1Z)'ll9 processes to 

develop is best addressed by (a) those tailiar with Raaanian industrial needs 

besides (b) plus consideration ot novel applications. l major program, the 

enzyaatic oxidaticn ot alcohols to aldehydes is very appropriate to the general 

research thrust ot I!CB. The i.lllediate needs are tor gaining adequate caapari

son to other microbial aources. One Hansenula strain is avai ted (tor six 

months), and turther strains ha.,e been requested during this site visit. Though 

the enzyutic oxidation ot alcohols to aldehydea is ot general interest and has 

been addressed worldwide, it is still necessary to evaluate the potential 

commercial application ot enzymatically derived aldehydes; tor instance in 

relation to current industrial uaage and also in relatiol! to ccapetitive 

ch•ical processes that address making the aae teedatoclm. 

Further novel approaches such as the use ot continuous culture to aid in 

gaining total enzyme productivity, await delivery or supplementary apparatus. 

Tbe delivery delay is a cause ot concern. New channels ot ccmaunication need 

to be developed with UNDP Vienna/vendor in order to simply gain a response! 

Tbe reasons tor tbe lack ot reply tor 6 montha to the Bucharest telex 

COllUllunications puts a demoralizing aura on research there. No doubt there is a 
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rationale reason tor the delay but IBCB needa at lee.at the oourteSJ r:L a repl7 

to indicate tile atatua quo. 

In the l~ r~ it is essential to develop expertise in reccabinant DRA 

tecbllology. Perhaps one novel longer range approach could be the production ot 

restriction endo-nucl•ses (RDl's), a basis tor Re11anian reccabinant IllA 

studies. 

G. Ethanol production 

Major studies should r•ain tocuaaed on develoJBeDt ot the imlobilized 

y•st cell reactor vith soluble aubatratea. 

With specialized 'lubstratea auch as inulin (tre11 Jeruaal• artichoke) or 

starch (trca ••et sorgtna) there mould be oo-ordinated progrmu involving 

microbiologists (strain develoJB9nt), biochmiats (characterization ot enzyae 

preparations) and teraentation engineers (ce11bined sillul taneous-aaccharitication

tenaeutation-ssF). The latter methodology appears the better, vben insoluble 

·substrates are aapl oyed. 

H. Single Cell Protein trom Biomass 

Upgrading ot lignonelluloae by growth ot yeast on a residual 3' •sugar' ia 

being developed. I question the econaaics ot this up-grading process as little 

increase in total protein value would occur. It protein is the tocus, I suggest 

upgrading via culture ot 11gno-celluloaic microbes. Pbanerochaete Cbrysoporium 

(Sporotrichum pul verolentum) immediatel7 springs to mind (SU th et al., 1986). 

Further details should be sougbt rraa L Gregory, Dept. Microbiology, University 

or Guelph, Canada. This organism is also being used to upgrade cellulosics in 

Cuba based an S'fedisb technology (via IC. Erikason, Swedish Forest Products 

Laboratory). Dr. H. Hoo-Yl)ung will also wish to discuss the benefits or his 

SCP-upgrading process based on the fungus Chaetomium. 
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I &180 belin• aa nalmtioa 1a appropriate ot d..aaatrated appliaatioe ot 

auoll •ter1al• in relatiOD to tbe -..rut• - Uicblla ud pip or with 

"w1unta; vbat peraent.p ot auab upgraded aaterial au be •PlOfecl u a 

auppl-nt aacl 11bat 1a tile total projected aarat ill relatioa to tb•H f'1.caru'l 

II. MICICISnL STUDS 

'Dae a&jor toaaa ot .r couul tallt actiTi ti•• rnol Ted aroUDd aiorobial 

atnJ.Da (AppeDdix Y2). tile nenll iapruaiOD vu tbat tb• 111Gl"Obi&l atraim •ed bJ DCB 

ocapr1.8ed a praot1c'1 ud uaetul ...-blage. Bawner, ua•bliDg tb• bad 

been a tortuoaa journeJ. be atniml bad been gleued trca 'triendl.J" 

culture collectioaa, e.g. Hiorococoua lnodeiktioaa 1crc 2665 (SUduluou, 

et al., 1986) reoeiTed Tia tbe Coleotia laUOD&la Inatitutal C&lltaousillo, 

Buabareat. Otber aiorobea bad been Mleot1Tel11aolated tJoca ao1la 

illoludiac a Tari•tJ ot oellulolftio tuag1 (Zatil" et al., 1986) &lld &lao an 

alcobol-os:l.d&• producillg Can41d& ap. IBCB -P1•• (Cbina• •t al., 1986). 

Bawner, it vu also ••ident tbat tbe group at IECB bad gone tllrougb tbe 

•t;rpio&l groring paiu• ot a n• iDaU.tution HttiDg up a culture 

oollectioa. Bopetul.11 OW" d1.scuaion.a sbould haT• ruol Ted suo!l queationa 

as tile beat apprcaobea to gaining tJoM oul twea Ti& ezoU.n&• or triendlf · oo-

operation; practical storage .. tlloda, etc. 'Dlea• poillta are d1SOU8Hd belaw. 

MaDJ ot tb• DCB proaraa are t.•d on lliorobial terMntat.iona ud •DSJM• 
and it is necea&l&l'J to: 

(A) b&T• a COllp&r&t1.Te selection ot llicro-organima at band tor 

research projects. 

( B) the background data u ail able tor req ueating/ rec•1T1Dg strains 

traa other culture collections 

(C) methodologies tor selecti'le 1solat1oa ot particular microbes. 
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(D) aareelliq apprcaab .. to obUill bJpeJ11-prod11ot.1oa ot aiorobial 

•tabol.1tes 

(!) t90111t1ea tor atOl"age cl aiorob1al cnal bra 

IIA. AD •aoti•• vol'ld.nc• 111.orobial oolleaticm-

Tbougb a oolleot1oa ur Ila•• nmeroua atraiu, ODlJ a tw are lmpt •ti•• 

(e.g. cultures an al&nta). It ia obYioual7 111poaaibl• to keep a large 

collection act1Ye ill this MDDel' (th• OS colleotioD bu TT ,ooo atraina -

aee ~urtman; Appen~ V3). Suob large colleotiona • ., appear 111preaai•• but 

there no need to deyelap an nceaai•• collection. ProbablJ the OlllJ CUl"rent 

ICIB r~uir•ent ia to gain t111"tb• standard omparatiye atraina trm other 

reaearchera/colleotiou in order tllat a realistic noluation ot tile vorlc1.ng 

atra1na can be ade. For instance methanol oxidaae ot Candida ap. DCB 

- P1•• abould be oompared vitll Banaenula, Pich1a, Torulopsia and other 

Candida app. 

IIB. Receipt ot atrai.Da trom other collectiona/indirtduala • 

.l lecture cOYering the general atatua ot recognised culture collectiona 

vu gi.Ten. '1'11• ujor oollectiona included the .lller1oan Type Culture Collection 

(ATCC), the Rational Veat Genl&D Collection and the Japanese Fementation 

Inatitu"e, Takuba and alao the Osaka UniYeraitJ Colleotiona tor bacteria and 

tmgi (plua Yiruaea, cell lines ud monoclonal cultures); tile British 

Rational Industrial Collection ot Bacteria tor llbcteria; apecitical 17 tor tungi 

the Centraal bureau Toor Schimelcul turea (CBS), Rolland and tile Camonveal th 

Mycological Collection, [ev, t1I (See Appendix v3). It vaa atroagly reccmaended 

that the culture catalogue• ot tbeae institutions be purchased. Eacb catalogue 

containa an incredible aaaeaolage ot comparative data including citation to 

deacriptiT• publicationa, k:era to atraina attributes (e.g. a liating ot all 

cellulaae or amylase producing culturea in a collection), preterred growth 
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aedta ~.1acl atorap oondlUOD&. lote eapeolallJ tile o.r.u, lritiall (ICD) aad 

Japane• oataloeu•&. Im able to donate aertaill oatalOl'l•• to DCB 

(lppudi:i: l3). 

Thw• still rtm•iaa tile q•aUOD ot coata ullOOiated v1tll psmag tllw 

oultana. Direot parobaae 1a preterabl• vitll regard to reoe1Tillg an 

authenticated strain bat 1a reatricti T• vitb ooata rangiag trm $20-65/oul ture. 

lote tbat oulturea receiTed trc:a !astern European Republics au be aubatanUal ~J 

ch•per tllat trm tb• reet ot tile world. It 1a •phuised that th ... atraiaa 

are otten direct cleicendenta ot an original culture that haa been deposited 

world vide e.g. at lTCC, ass. IFO etc. The probl- in orderi.Dg apart trm coat, 

could be wcrld.Dg througb bureaucratic docmentation, eto. I aaauae tile DDP 

could help 1D tbia Tein, and indeed prc:aiaed help 1D tl'ackiag clovn a Banaenula 

· 1•at atl'aiD crdwed llix montlla back. 

Thwe are at leut tbree turtll_. optiou tor gaiDing or1gj1111l atl'aina. 

First is Tia the D.S. USDA, Peoria COllection (Appendix l3) wbicb pend.ta one 

indiTidual a aeleotion ot tvel Te tree cul tur• tvice per rear. &a a culture 

catalog iz not publiahed, it ia desirable to vrite the Curator vitb regard to 

the specitica ot vhat atraina are &Tailable. The aore apecitic tile request, 

tile eaaier tile replJ. R. Latta, Curator ot MJ.orobial COllectiODs, DiTiaion ot 

Bioloa, National Research Council, Sussex Drive, ottava, Ont, Canada ia perhaps 

another tree ao•rce ot cultures. The aeoond option ia to write to a tellov 

worker vbo is using the required strain. '!hougb acme requests UJ tal 1 on deat 

ears, other positiTe replies aay otten include current unpubliabed results. I 

voul d opine that aoat cultures in uni versi t7 circl ea in the USA are obtained 

through letter vri ting pl us otters ot reciprocity. The personal contact 

approach should also be •pbasized at national/international aeetinga, besides 

obtaining cultures by technical atatt visiting or studying at laboratories 

abroad. 



- 17 -

'Dae htpra llfperoellalolJU.O Triobode ... l'!!!!1 atra!Da IOT-C30 ud 

llJT•P3T Will be pyea \o IICI. 

l tbird approaab tor _,_ prod11o1ns •traiu 1• to order th• _,_ aDd 

then att•pt to·oulture th• atraiA trca tile •DSJae. Patent poa1t1on auat be 

OOIUd.deted ill th• latter mpproaab. 

IIC/I>. Methodoloa1• tor SorMDi'W lbp!r=!DSp! Prod11etp Stnlna. 

l tw general OcmlliltL Firat the prllloipal aetbod tor •PlOJMDt ot th• 

emJM abould be oo~dered eapeciallJ vi.th oelluloee aubetratea, i.e. does one 

requ1J"e a •creted or cell-bomd ..,_L Utilisation paraet_.as with regard 

to pB 1Dcluding a rup ~ 1-11, optiaal temperature tor act1Y1t)' ad stab111t)' 

Ce.c.c:l.-UJlaae at 102-103oCI) ~t concentration abould preaent no ajor 

probl--. More DOTel situatioaa such u aot1T1tJ 1D organic aolyuta preaeat 

intriguing hurdles 1D acreea:l.Dg protooola (e.g. aee Luisi and Laane, 1986). 

For intracellular em,._., taoil• •thoda ot rele&H are oritical. I 

personallJ faTor the WMt ot t•per&tve aena1t1Te lJt:l.C atl"aiJla that tollOlliDg 

production, can be lJMd aiaplJ bJ raising tile temperature a tw degr.... ID 

the loager tem reccmbinallt ml Crm1) approach•• vill facilitate specific 

em,... production. ID thia 1.Dataace temperature aeD81 ti~• atraina can be 

cauaed to .witch an •DZJm SJDth•ai.a Tia a cllaDp ot t•perature tollOlfi.Dg the 

initial culture ot cell• to b1gb deDSit)' (Caulcott and Rbodea, 1986) (e.g. I:. 

!!!.!!. at 70 g drJ vt/l - ... J. Fieako, Soc. Iaduatrial Microbiol., 1batracta, 

1985, Boaton, IU). lote that in the rDl1 approacbea the eDZJllU aar be precipi

tated vi thin the cell and scaetiaea are dittioul t to aol ubil ize. Secretion 

T eotora can be used to OT ercoae such probl •a (Inoue and Bal ego Ta, 1980). 

Specific screening procedirea vere diaouaaed at length including tocua on 

aiaple obaerYation, approachea to c1rcmTent regulatory sratema, the need to 

deTelop acreena tor enzymes ot bigb specific activity, and vitb cellulaae 
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Jl"oDoUOD tile 11t111saU.OD ot 8011iole .... tratee to poteDUallJ p1I\ ullawd 

ll'Gftll rate ud ~t• prodaot1Y1tJ/UD1t tiae. AD UlutraUT• oatliae tor 

oellul ... eorMDing 1• attaobed (1ppendll l~). 

IIL Stol'!le ot oaltvea 

loatim atonp 1Doludea me of Nfrigel'aU.OD, at.orap ill drJ 8011, O"t'V 

aUioa gel or ill 1Jopb1le. 1h• latter mould be .... dilJ adaptable to tile 

1a d••eloping illto a aetbod ot obo1oe, it la expenaiT• u4 periodic tailarea 
'· 

ooour, e.g. lMk ot dell"t'el'J ot liquid Ditrcgen. Suell 8C01denta illtl"oduce a 

note ot caution vitll regard to storage auggeatillg chat a Tari.et, ot •tlloda 
. 

should be uaed ill oaae ot ind1T1dual failure ot me •thod. CUlturu ot mJor 

interest llbould alao be deposl.ted at 11ltermt1onal oultUN t-4ntera tbat 

apeoialis• 1D storage ud aaln~oe. 

In our most general loag term labol"atorJ atorage •thod, ve ll1Jc a culbr• 

vith 10-2os gl1cerol and tll•n llglltlJ coat glaaa beada Vi.th the auapenaion. 

!he alcroorgald.m/beada are tllen tl"OSeD -20 to -80oC. For rece>TVJ, tile tube 

la r•o••d trca the treezer and all011ed to w.m until a tw beada cu be 

NaOYed. !he reaidual cella/beada are rapldlJ rebrned to the tree&er, thua 

preYent.1.Dg altel"mte treeze/th• ot the stored culture. Storue la orlt1cal. 

1 lost culture can aean 1eara ot work to regain an equ1Yalent atniD. 
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m. IIOllLU tllllDTlTIOa PIOllCD ~ I1C1 

'Dl• aoUT1t1•• ot DCB outlined in Appendiz '1 oa be aub-d1Tided into aneral 

broad ar_.: 

Illl. ltllaDol Procluotion Jpplioatioa ot lmobUt1ed Y ... t 

ltll&Dol 1a oonaiderM a pl'iM production tm-get tor tile lmaaiu cllmioal 

1Ddutl"J. l toaal point ot the DCB progr .. :la dlreoted to ~tiaisiDg aethoda 

ot ethallol procl11otim bJ ata'1dard tementaU.on teotmiqma, 11lTeat1pt1on at nw 

tel'lleDtatloa •tllodOlagiee U-abtlised ,.eut) and bJ apalld:lag th• nbetrate 

bue to include alterm.te •tviala oropa (JeMlaal• arU.cboke, •eet acrgbua, 

fodder beet, aDd vute aallaloaloa). '!he aubetratu (Jvuaal• articboke, •eet 

aorgbm and todd_. beeta) are diaouaed t.-th .. uad_. tile e11Q11olo11 eeotion. 

Tb• DCB pioap are vel l Iman aperta 1D •thuol teraatatloa, and 1.Ddeed 

th• ethallol pilot plaat group are ourreatlJ' vl"l t1Dg abapten 1D a n• launian 

tut (The Yeut, ed. L Angbel - "Em,_. trm 1~ta- and "lthJl llcollol &ca 

t .. at•). '!heir ezperU.ae ia turtll .. dmcnatrated 1D t!l• text "Bioeag1D84:1"1Dg 

ot IUcrobial lmJ99 Preparatlou", 6. Zarnu, Gb. MeDC!Dicopaclli and St. 

BrqareL lditur Teclmica, Bucareati, •19 pp. 1980). 

'!he ethanol tenaentaU.on atucliea are oollducted at tb• pilot plant mar 

Titan, Bacbareat. 'Dl• toaua 1• OD •calilll up the ue ot immobilised 1•ata. 

(trapped ill l.appa - carNgbeeaan). l tour •ter partitioned oolua 1a under 

imeat1pt1on. I did not diaouaa th• project 1D detail. th• atralll •PlOJ•d, 

Saccl!aro!ycea sp. P 196 vu 1aolated locallJ. 

there vu briet diacuaaion ot the termentation ot glucoM Sfrupa (30-.\0j) 

bJ omotolerut strains. IECB h&Ye conaidered t!lia u oae attract.1Ye route to 

gain bigb eUWlol conceatratiou bJ (15-20S) starting vit.h 30-.\0S sugar 

aolutiona. Though tbis approach baa MYflral at.t.ract.i•• teat.urea, it also bu I 

b•lin• crucial drabacka. '!he aoat or1t1cal ia hov to at.ore Wbigb glucoae• 
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oonoentnU.oaa voW.J be slew, vbil• t:lDal rates vould alao be alow due to the 

b1gb etballol oonoutn t10DL Perbapa DCB ou deTelop all opU.al rrooua. Ill 

vb1all aaae, ocmpariaoll ot oeaopb111o atraiu 1a appropriate. I augpat vr1 t1Dg 

to the tollGld.Dg blo oenten to gaill ocaparat1T• data: 

Mra. B. nraop (Cllail'Ull) 
lational Colleotioa ot Yeast Cul.tares 
Food leMU"Oll Illatit.ute 
Coln.,. '..ue 
IORVICil IM TUA, tr· 

O•opbil1o teut Colleot10ll 
Tate ar:d Lrle Ltd., leaearcb Centre 
Vutvba Road 
reaton, rant 
UIITID IIIGDOM 

Ill oontnat to th• UM ot omopbil1c 1eaat, I eDTiaag• all opU.al prooeaa 

in vbich glucoae 1a .CVnamed clirectlJ u it 1s produced trea cellul.oee, i.e. a 

conti.Duoua accbari. .. 1cation/tenaentat1m proceaa. De glucose ia not subject 

to degradation bJ llicrobial contaaiDallta alld aa it ia direotlJ teMented, and 

tbu.a it does not inbibit the action ot beta-glucoaidaae through md-product 

1nb1b1 tioa. Furth ... ore oel lobioae util iziDg 1euts (e.g. BrettaDO!JCea) are 

oar beillg eTaluted iD dual culture vith Saccbarollycea, the r•oTal ot 

cellobioae preyenting 1ta end-product 1nb1bitorJ ettecta on the cellulue 

cmponenta endo-glucanaae alld cellobiobJdrolaae (sM SERI reports Groman et 

al., BioconTeraion Proceaaea Contractors Report., .JulJ, 1986, SIRI pub.-

do•ted). Siaul taneou.a teiwenta tioa accbarUica ti.OD plallta vi th ataall aa a 

substrate, ba•• recentlJ been pqt into operation in tile USA (aee Rapba•l ratzen 

baociatea International, Inc., 1050 Del ta iTenue, C1Dc1nnati, OB •5208). 
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IIIB. appued 1yno1cm 

Veatern aouroea, it ia pvU.nent to oonaider •DSJ1!8 produot1on vitbin the 

oountrJ. b role at DCB ia to illpl•at auoh a ll'Oll'• bJ tiret pertONillg 

obaraoterisaU.on ud applioaU.on ot •DQMa and t.ben teaabilitJ pilot aoal• 

operat1oaa. 

The 1Dit1al Pl"Oll'• bu ooncentrsted an a11talaae, an em,.• ot oamaercial 

application 1D r•oval ot 82~ Cud 9puteur1satton•) ot tood and ~ o .. taiD uae 

1D the plaatio/rubb8r indUtl'J. Miorococcua luteua bu been abOllll to be an 

excellent source ot oatalaae (aLd ia aooeptablet to the tood induat.rJ). Optiaal 

grwth bu been achieved via grwth u a "Jeut extract• aedim. The latter ia 

ine:z:penaive (lleu/kilo) in that it 1a baaed on the 17aia ot "Rate br••l'J 7eaat 

cells• via 17aia 1D SJ aodim choride. M. lJ!Odeikticua 1a tolerant ~ b1gh 

aalt ooncentrat10lla. btractt.on at oatalaae baa been optiaized u1Dg egg vbite 

17aoz,... P.gg vbitea are again 1.Dezpenaive. The prograa baa been ettective 1D 

developing lw coat approach•• to em19olou • 

. l second project ia th• Ea,..tic Oxidation ot Ucobola (Methanol 
' 

Tl'allatoiwaUon). Metbane ia a 1enerall7 available resource but requires 

processing to 7ield a 110re utilisable cll•ical teedatock. Microorgam•a can 

aid ill aucb tranatoiwa U.ODiJ, auch approacbea being aore etticientlJ conducted 

utilising liquid aethuol rather thu the relaUvelJ .~.naol·lble Mthue pa. The 

coD7eraion ot aetbane to aetbauol 1a cbmcallJ tacile. TVo research veins bave 

been oonaidered. Tile tint vaa direct llicrobial conver31on ot •thanol to 

single cell protein (SCP). Thia prooeaa 1a ourrentl1 considered to be 

uneconomic, a Tiw al ao reached by Imperial Ch•ical Induatriea U.I. and Boecbat 

v. Germa111; both ocapaniea bave aajor interest• in this areL the SCP project 

baa been tenainated. Bawner, tbe c1 metabolic studies baTe been continued vitb 

regard to methanol oxidation. !m,.atio oxidation ot aethanol fields 
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t0111&1.dtlbyde, villa?& oua tll• be reacted •1tll plaeaol mder alkaline OOlld1t1au to 

Ji.eld tb• 1.DaalaUq ..eau "Bakelittt'.9, vbil• aoid OGDditiou field a laoqaer 

C•o•olao•). 'Dl• priml'J ondatioaa ot •ioobola oociur -pattoal lJ Ti& tvo 

11ldependellt routes: bJ llD depmdellt a:odlol d.-droae••• er bJ aloabol 

ozidaaea. 'fta• latter •PlOJ OJrl&•ll u a aubetrate, do not require ootaotora &lld 

N"e •al.er to regulate ll•oe tile DCI project bau toouaaed Oil aloabol oz1da•a 

tar tile em,.atic OOllTeniOQ ot a Tariet7 ot aloobola; tar aaapl• tile yeut 

(Banaenula) ••tb.Jl aloabol oz:ldaae. (lote: ill tld.a 11lotanoe, DCB atill •&it 

th• Banaenula atra1D ordered about a:l.x amtha ago). 

BoweTer atudiea to date ua1Dg a C&lld1da ap. aetb.Jl alcabol ozlda• show 

••ziMl 8JDtheaia to oocur early ill tile exponential pbue ot growtll. Direct 

aaa&J• are t1ae ooaaming and are imppropriate tar ual1a:S.a ill relatioll to tile 

briet peak period ot tmJM SJ'theaia. Indirect growth uaya b&Te beell ahOlfll 

to giTe good correlation. Bawner, aa tbe project clneloopa to illclucle aeana 

ot gaining enhanced emyae Ji•lda tllrougb aemi.-batch ad continuous culture, 

aore rapid &as&Ja tor alcobol oz:S.daae will be OOllaiderecl. It ia DOif propoaecl 

to deTelop a timer baae to tile project bJ ocmpariaon vitll other aicrobial 

aloobol ,,z:ldaaea (a TarietJ ot atrailla haye been requeatecl tl'c:a the U.S. 

Departaent ot Jgrioul ture Culture Collection, Peoria, lll., U.S.A. aa a reaal t 

ot., Yiait). !be project objeot1Tea alao oonaicler alcobol oxldaaea tbat act 

towards a broad range ot alcohol• tllua peraitt1ng productiOll ot a Tariet7 ot 

bigber aldehfde• tbat can u .. d as teedatocka in a ••Teral cb-1.cal proceaa. 

Fementationa tor the production ot alcohol oz:ldaaea require bi&b OXJ&en 

tranater rates and l;hua an a1r-11tt tove:.- tementor bu been •Pl01ed. 

AdY&Dcea •PlOJing continuous culture apparently •ait the deliY•l'J ot 

periatal tic pmpa, tbe• being readily adaptable to operate perhaps tv\l 

simpl itied •al 1 tower ter11eotor uni ta - this ia diacuaaed further under 

9Purehaae ot a FerweatOI'• VIB1. 



- 23 -

The intent ot tile progr• is to deyelop turtber vitb oa1111erc1all1 ezpea.sive 

em,.es. the selection ot vbich specitic enzyae processes to deyelop 1S best 

addressed by (a) those t•iliar with Rc:aanian induatrial needs (b) ·plus 

consideration ot noyel applicatiCXlS. this will need caretul evaluation ot cost 

ettectiYeneN, availability ot production strains or needs to deYelop a micro

bial screening progru, and also the leYels to which scale-up in tenaentors is 

possible. Potentially usetul strains are available trc:a world culture collec

tic:Jlls (noted in the aection on "Microbial Strai.ns•). 

In the long tera it is essential to develop ezpertise in recombinant DIA 

technolou. One novel longer range approach could be the prod'1otion ot restric

tic:Jll endo-nuoleaaes (RDl's), a basis tor recc:abimnt Ilf! studies. UHIDO bu 

supported this general research area vi th the establislaent ot International 

Centers tor Genetic Engineering and Eiotechnol V (IOOBB) in Italy and India. 

the preparati~ ot Rll'a could be a tirst step by IECB into this iaportant area, 

though it should be considered cautiously in relation to tbe develoiment ot 

recc:abinant Ill! tecbilolou in Eastern Europe: market areas, pl ua rapid means ot 

delivery (in dry ice). 

In briet, emJM project is aaldag good progress. I would suggest that a market 

analysis ot the application ot bigber aldelydes should be made, and also on 

econc:aic aaaes•ent ot competitive ch•ical process that could achieve the same 

goals. 

IIIC. Single Cell Protein (SCP) tor Fodder 

The current tocua is to up-grade the protein content ot agricultural ligno 

celluloaic wastes. (Note: a prior SCP project based on methanol a.' a substrate 

bas been atop,ie~ based an econaDic costs (see Section IIIB) ]. The project now 

focusses on waste agricultural ligno-cellulosics. One area is on corn residues. 

Iylan ia first r•oved by dilute acid extr,ction (B~o4> yielding xyloae in tbe 



prodaot atre• wlllala oaa ua.. be OOllY_.t.41 to tvtaral (1111• •'al., 1916; 

Zorsoa et al., 191&). Pateata appllaatloaa ••..UC thia prooeaa.,.. peDdlJll. 

!be rem.dual oellul~llpill •terial 1a nm aore d111•t1bl• to MW'mata. 

Bmw .. Das oonaider bro turtll .. al teraate JrOGeaailll atapa. ID tile first, 

11Plftd1Da f1I a b1gh Yal• procluot, th• auabrocm Plearotu oatNatu 1a M1Dg 

oona:id•red. '!Illa !rOJeot ia in oo-operation vitll aother 1.utitute (Iut1tute 

fer lniaal Biolog ud lutrition). 'nl1a appears aa a aoat uaetul pr~J•ot with a 

Yal mbl • produot tllougb, I vu maure vbether aportillg th.- apec.t.al ued aaah

roau vu an aahieYable final goal (aa a C&DDed product?) or vu it tor a 

specialized internal culina17 •rket. U neitber, perhaps th• ommon &garicua 

C!!Peatria abould be conaidered tor aore general conamption. Bawner, the 

project vu not d1rectl1 part ot tile DCB diacuaion& Tbe alternate Jroceaaing 

ot th• enracted lipo-oelluloae vu by SCP-upgradiDg Yia oulture ot 1 .. t on 

the reaidual (approx. 3S) sugar. I question th• econcaica ot thia up-grading 

proceaa aa little increase in total protein Yalue vould occur. It protein is 

the focus, I suggest upgrading Yia culture <I Ugn~•lluloeic aicrobea. 

Phaneroohaete cb.ryaoporiua (Sporotrichua pul Yerolentua) U.ediatel1 apr!Dp to 

aind (Saith et al., 1986). Further detail• mould be aougbt trca L Grecol"J, 

Dept. Microbiolou, UDiYeraitJ of Guelph, Canada. Tbia organi• ia alao be1D& 

used to upgrade celluloeica 1n Cuba baaed u Svedilb t.ahnoloSJ (Yia L 

!l"J.kaaon, Swedish Poreat Pl'oducta Laboratory). Dr. M. Moo-tomg will alao vish 

to diacuaa tile benefit• ot his SCP-upgrading process baaed on the tungus 

Cbaetom.ua. 

I also belieYe an naluation ia appr~priate at demonsti ... ted application ot 

such •teriala in relatioa to the "Urket• - ohiclataa and pig.• or '"1th 

rm1nanta; vbat percentage ot such upgraded •terial can ~ •Pl a,ed aa a 

suppl .. nt and vbat is tbe total projected mrarket .'n relatior. to these tigurea? 

Thia project could well deYelop into a •jor UH ot iute li&DO-O•llulo91.oa and 
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bu ••eral upeota vbiob are mique to lmald.u -.rioal tw-. bn_., vbat la 

tile beat miorobe: tuagua er bacteria or a 111.nd culture? tlbat are the beat 

r .. entat1on approaob .. - le. aoale er bi.ab aoal• tealmolao? For ....,1., la1r 

aoale teruntat1on vitll auob ao1dophil•• aa Soytalicliua. vbicb 1a oapabl• ot 

grartll at pB 1 would Jll"obablJ reaul t 1D no med tor aterilisaUon ot t.lle 

substrate. 

IllD. COllTveion ot Celluloeica to ltbanol 

Major world aob .. a ba't'e reoentlJ been preMDted tcr the ooDTers1.,.m ot bic:maaa ... 
into enel'gf apariDg obeaioala. ill proceaaea tor tile large acale production ot 

ab-1oal teedatoota, are beaTilJ dependent on tile ooat ot the aubatrat• vhicb 

a&J retleot 50S ot tile tiDal produot price. It ia thua uaential to utilize all 

cmponenta ot biauaa, reapectivel1 cellulose, h-1.celluloae and lign:ln. 'fhe 

reaearcll coata to oonaider auab a tllree pronged approach are aubatantial. 

'fhe DCB approaab recognizes the oost tactor and thus propoaea a three 

stage progrD. These are: 

( 1) UW1zat1on ot vaate • teriala tram the pulp and p°aper induatl"J. 

(2) Utilization ot celluloaic vaatea trm tile abemoal induatl"J 

(3) UW1sat1on ot ligo-celluloaic residues tram tile tanning induatl"J 

Thia sequential approach taoilitatea gradual dnelopuet ot aethodologiea 

and allows iDitial tocua an celluloaio aubatratea and 1D tile longer term 

conaidera utilization ot ligniDa. Bemcelluloae utilization 1.s addreaaed in a 

turth .. upect ot tb• IICB progru With production turturala (See Section III). 

IIID1. Utilization ot vute materials troa the Pulp and Paper Induata 

The Pulp and Paper 1nduatl"J produce a conaiderabl e •ounta ot tine 

particulate cellulose vb!ob torwa a pollution proble& Thia uterial bu bem1 

col leoted and used aa aaterial tor the production ot ttparticulate board• or ia 

burnt tcr production ot en.-17. lD al termte approaob 1• to coa't'ert th• 
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oelluloae to &l•oo• and b•oe Tia t....atattoa to a ala..S.oal feedatook 

(ethuol, wtoae but&Dol). ft• ourrent Ilt8 projeot addr•H• thia latter 

approaob. Dae tirat atep ia to deyelop bJperoellula• produc1ng 

ll1arool"gaa1--. OTw tventJ oellulolftio iaolatea baye beeD obt.ailled trm 

aoUa Uld the ioar beat tlrtll• Obaracterised. Tbia 1a uetul. beadlrq but th• 

atraiu toclate an not aa etteot1Y• aa atraina alrelidJ ayailabl• vcrld-vide. I 

vill aupplJ bJpv-cellulol7t1c autanta Triobodera reeaei (IOT-C30 uad llJT-P37) 

vbicb are atate-ot-tb~art autantL It 1a DOW DH988U"f to deYeloP ... 
tementation condit.tooa to gaill enballoed cellul ... product.ton, and to nal•te 

tb• etteot1Yemaa ot tbe cellulaae vitb tile pulp/paper iJlduatl"J aubatrate. 

MoYe etteotiY• atraina can be dneloped, e.g. vith higllv apecitic aotiYitJ or 

catabolite repreaaion reaistant atraina vhicll IJ"Olf an soluble subatratea. All 

ouWne tor auoh approacbea ia outline in lppendll Y'. 

IIID2,3. Celluloaica trcm Cheai.cal Induatn/L1po oelluloaioa trom the 

Tanning Industry. 

Thue tvo projects vill deYelop atter IIID1. '1be substrate uteri.ala 

include vaatea tram tile production ot carboxpethJl-, bJdroJ:J•th.Jl- and aetb,Jl

celluloaea. vhile tile latter are reaidual Ugo celluloae trca tbe tanDing 

induatl"J. Bach aubatrate hu unique oharacteriatica vhicll deae"e apeoial 

attention in due oourae. For iutanoe, oarboJ:JMtbJl celluloaea are ~aracter-

1aticallJ produced with TOS degree ot aubat1tut1on er ooDYerael1 with 30S tree 

gl uooM. De-eaterit1ca t1on vil l be neceaaaJ'f to tinal 17 gain tree gl ucoae. 

Witb 11gno-celluloaic vaatea, pretr•tunt acl•ea trro disrupting tb• lignin-

polJMl'ic oomplu vill be nece••J'f• 

HOlfeTer, the initial study ot cellulue in part (1) rill facilitate 

gradual dnelopment ot aetbodologiea to address tbeM aapecta. 



- 27 -

IV. IIFRlSTRUCTURB 

IVA. Library Resources 

The library resources were miniaally adequate. Inapite ot this lillitation the 

ccaparative analysis ot world literature cited in the IECB papera vu good ~s'!. 

citation t.o a variety ot b1gb r1uality resources - journals [BiocbiL Blophys. 

Acta, Analyt. Biochea., EDZJM Engineering, Science], patents and t'oreign 

govermental reports. However, it waa alao obvious that there was a cona:ider-

able tiae lag in gaining this literature, an.i that journals scaetiaes bad 

vol 111ea aiasing. 'l'heae detieiencies are serious 1D the t'aat aov 1Dg biotech-

nology world and are disappointing especially when there are several outlets 
. 

readily available that speeiticallJ circumvent such probl• areas. 'l'hese 

include the weekly listing ot nev scientitic papers [Current contents], and 

science update journals such as Bio/TechnoloCJ, Dizyse and Microbial 

Technolo11, which select and discuss the aore ia~ortant advances. See 

Reco-endation A. 

IVB. Instrumentation 

The laboratories and pilot plant appeared to be equipped vi th standard 

apparatus (a) at the pilot plant there vaa a general analytical laboratory. 

Speeialized equipunt noted included a co2102/pH monitor (Hungarian). For 

microbiology tberti were two lainar air tlow booda and also good microscopes 

available. At the Bucharest IECB laboratories, I waa shown two laboratories 

and an ott'ice, instrumentation rocm (excel lent spectropbotcaeters). .Atter 

continued requests, I was permitted to see the general enzymology laboratory. 

There seemed to be some prior barrier in oommunica ti on in order to gain such 

penaisaion but Dr. Giurca was most helpful in facilitating this request. I did 

not .Jee any t'ermentore or tbe other laboratories, and was not granted 

~ermisaion to visit other institutes. 
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IVB1. Oveniev ot the Purcbaai.Dg Statue ot a Co!puter Controlled Fel'llmtor 

H&11y ot the DCB Biaaasa projects tocua around te!'llentation engineertng. 

'lbua, IECB approached UllIDO tor a Chaaap-ccaputer controlled, atate-ot-the-art, 

tenaentor. 'lbo•.agt. approved in 1982, the delivery ot the teraentor 1a aet tor 

Rov•ber 1986. This delay vaa result ot probl- associated with intea•national 

purchasing procedures. Several leaaona have been learned. First ia ot 

c~Wlication. It is vell known that direct c~Wlication via telephone is 

often aore ettective than letters or even telegraaa. It not to aai.lltain 

mcaentm it appears that OIIDO and DCB nend an mbudman (ot senior status) to 

intercede and activate such delayed purchase agreements mould the acaentm be 

lost. It requires a senior otticial to be nminated with auch authority. 

Secondly, as alternate components are to be purchased, one auat be sure or the 

caapatability ot these •teriala with the aajor equisaent. Thia requires a 

legal notice ot warranty and ot guarantee. 'lbere ia al so the question ot 

maintenance and repairs. 'lbe original Chau.p tenaentor is to be seniced 

through the original company which is skilled with botb its teraentor and its 

ccaputers. However, one now ~as the hurdle ot either Ch•ap servicing 

auxillary computers vith which th91 bave llUCh leas practical experience, or 

alternatively dealing with two caapaniea; Ch•ap tor the tenaentor and the 

Italian Olivetti Company tor the computers. Whichever approach ia tollowed it 

is essential to have a warranty and guarantee to ensure aucceaatul operation. 

There is also the question ot coat ot repair parts tor a West European built 

caaputer. 'lbere will definitely be a need tor repairs, apareparta etc. with 

time. I do not know bow much "Western• currency baa been put aside tor tbaae 

needs. 

In terms or practicality, I emphasize that during the interim between the 

original purchase order and later delivery, that the total purchase price has 

risen and now the ONDP allocated funds are inautticient to purchase tbe total 
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eqU1s-ent 1.• the termentcr plua down-atrea procesaiDg apparatus (DJnaaill 

and Alta-Laval centrituge). 1 •Jcr reocmaendation is that UJIIOO reoonaider 

the budget 1D order that both tbe tenaentor and the down stream-processing 

eqU1pment •J be purchased in order to 1ield an ettective total aperational 

tenaentation unit. 

1 turtber utter is that s-saller accessory apparatus such as peristaltic 

pwapa could have been delivered and this would have pel'llitted initiation ot 

continuous culture studies. In terms ot val Wt tor aoney, theae p111pe are a 

bargain. IECB should ensure their purcbaM trca either Eastern or Western 

European sources 1-ediately. 

Frca tbe abcwe there is: 

(a) Concern regarding the operational/aintenance/repair status ot a 

.. oditied• iDstr•en t. 

(b) there is a budgeting probl• regarding the purchase ot ~th tenaentor 

and down-stre• purchasing equipaent due to the delay ot purchase and 

conC011itant price increase via intlation. The tJlfIOO budget should be 

reconsidered. 

(c) there ia an immediate need tor •all aasociated inatr111entat1on (e.g. 

3 or II peristaltic pmpa). Perbapa these can be bought t'rc:a F.astern 

European 2'0urcea. 

(d) Dr. Giurca has •Phaaized the chlicate and current status ot the 

purchase aegotations. Be obviously does not want further cc:aplica

tiona with regard to purchase/delivery. However, aa Proteaaor M. 

Moo-Young a consultant with considerable termentor expertise ia to 

v 1.c! t IECB soon, bis ev al uta ti on sboul d be taken into account. 
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IVB2. Cc!puter Facilities 

Coaputers are nov in general vorld uae vith regard to acaiDi.strative 

applications, accessing data bases, vord processing, instr\IMntation control, 

s';J.entitic ooaputations and specitic prograatt such as "ch•ical activity struc

ture relationships•. At IECB there is a central tacility available tor aajor 

cc.putAtional studies and there vil l be developaental studies on C011puter 

controlled tenaentation tollowing acquisition ot the "UBIOO Fementor•. Bcv

ever, I tind the usetulness ot C011puters to be llilliaally addressed at IECB as 

evidenced by the absence ot sudl ccaputer tacilities in otticea and 

laboratories. 

IVB2L Tbe outlook tor :atching up vith the necessary biotechnological 

cc:aputer expertise appears bleak. In general, researchers at IECB appeared 

trustrated vith the lack ot availability ot mall computers to be used tor 

routine ottice/laboratory tasks, but they preterred not to discuss tbia topic 

areL 'lhis is a demoralizing research aura. One wonders how the operation, 

repair and turther developaent ot the caaputer co.itrolled tenaentations will 

develop in this sterile climate. In comparison U!IIDO projects in Leaser 

Developed Countries bave caaputers at band tor the general researcher, e.g. 

Biaaaas Program; Lourena, Brazil. 

IVC. Teacbi.Dg./Outreacb/Long Range Planning 

{i) Dr. Guirca is associated with the L'lnstitute lfationale de Chimie, 

{L'ecole polytecbnique. La tacul tie de techDologie de chmique. Section de 

biochimie) and gives a current course eatitled "Biotechnology•. The course is 

designed tor senior students. In tbe tinal year, students may pursue 

biotechnology projects, with work and practical experience at IECB. Tbree IECB 

researchers w~re trained at L'Inatitute Hationale de Chimie. 



- ~, -
(ii) The local miYeraitiea baYe aoti•• reaearab prograaa. Sea• project 

oo-ordinatior. is pos:n.ble throup students pertorw.1.Dg research study at IBCR in 

tbe tiDal year ot t.heir baccalaureate degree. the input into sucb project is 

dependent on the s\:udent•s other educational ~tments. On the a•erage tvo 

students/year participate in the DCB prograa. Each student subunits a tull 

project report with distribution to both University IECB. 

(ill) Studies in recambinant IlfA research necessitate an &Yailable 

intrastructure suc:d aa the availability ot restriction endo-nucleases and ot 

abort lived radio-1.aotopes. '!hese aapects can be addressed througb inter

Institute co-operation. 'lbus each "biological• institute could becaae the 

production ot a aet nmber ot restriction endo-nucleases. Direct co-operation 

with those with rilfA experience a strongly recc:maended e.g. at the Inatututal 

Cantacuzino. 
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llDJlm noncr BUS IT 111 IUiitotl ro• 
amt uunD camrsm AD 1IOa1111Dnt 
(UIIDO PIOISCT W•OJDl/012) 

G. llJSCI., DIIBCrOI 

luearab Topio lreu (llod1t1ed Tia D.LL•) 

IIli. FeneDtatiTe ProduotiOll ot ltllallol Imob111nd Yeaat (St. 
Brqagerea) 

IID. Induatrial lasJM8/Fenaentation (S. lioul.eeou, C. Sanduleecu, &. 
Cb1"989) ·-

me. Purtural and SiDgle Cell Protein trm Bim- (I. Mll•) 

IIID. EmJatic -.,c1ro~a1• ot L1gaooelluloae (I. Giurca, H. Z..rtr) 

• I baTe aligbC.lJ modified th• original DCB outliile - apec1t1cal.1J one project 
original 'S1Dgle Cell Prote1D (SCP)' trcm Bimaaa Prooeaaing tor Fodder. 1hia 
project illcluded CODTeraioa ot •thanol to S.C.P., a project currently 
diaooDUllued. BOlfeTer, the major aubatrate •tbam (but aaed u .. thallol) and 
the deTelopmeDtal tenaentatioaa are still addreued, the raearch tocua DOV 

including tematatiT• productiOll ot alcabol o:d.daaea aDd their ue to oouert 
alcobola to aldebfdic oh•ical teedatoclm IID. The prior S.C.P. aspects are 
veil acwered 1D Project me. 
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PIOFESSIClW. DISCUSSIONS AT 'l'B! ICECllIM - ICD 

Arrival and settling in at the Dorobanti Hotel 

(Met by Drs. Stelian Niculescu and Alaandru Slavov) 

Welcome address and Concepts of Bioenergy/Biotechnology 
with ~ral Director Karia Ionescu 

Tour of Exhibitions of Science Prograa, Discoveries 
and Patents with Dr. Radu Giurca, Bead of tbi= 
Laboratory of Bioteclmology and Dr. Stelian Niculescu, 
Bead of Biocheaical Laboratory. 

Lecture and Discussion Program: 

'nle general format included lectures in the 1110ming 
followed by saall group laboratory discussions in the 
afternoon. 

Lectures included: 

Wed. 30.07.86 

I. Kl:cJOBIOLOGY AND BIOENERGY: AN OVERVIEW 

(3 pm Visit to PNUD Strada Aurel Vlaicu 16 
79362 Bucharest - Financial Aspects) 

Thurs. 31.07.86 

II. CELLULASE - !ll'l'HER NATURE IS COMPLEX 

Laboratory 

Friday 1.08.86 

III. SCREENING TEOINIQUES FOR HIGH YIELDING CEI tULASE 
STRAINS 

Monday 4.08.86 Meeting at PNUD 3 pm. Noel Eichhorn 

IV. RECOMBINANT DNA APPROACHES TO CELLULASE: 
ADVANCES AND PROSPECTS 

Tuesday 5.08.86 

V. ETIIANOL PRODUCTION IS THE U.S.A. 

zy~~NAS - a Potentially Useful Ethanologen 
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APPENDIX V2. (CX»fl'INUED) 

Wednesday 6.08.86 

VI. MICROBIAL STRAINS 
BIOMASS - PR.OBL~/PERSPECTIVES 

Friday 8.08.86 

VII. BIOTECHNOLOGY FOR FUN + PROFIT? 

(a review) 
Meeting at PNDP 3 pm 
Noel Eichhorn - review. 

Saturday 9.08.86 

Depart from Bucharest 10:30 am 



- 35 -

APPENDIX V3. KICllOBIAL STRAINS 

Fonaal Citations (Literature Donated*) 

*Kurtzman, C. P. 1986. 
new directions. 

The ARS Culture Collection: present status and 
Enzyme and Microbial Technol. ! : 328-333. 

*Hunter, J. C., A. Belt and A. P. Ballui.11. 1986. Guidelines for 
establishing a culture collection within a biotechnology company. 
Trends in Biotechnol. _!(Jan):S-10. 

Martin, s. M., c. Quadling, M. L. Jones and v. B. D. Skerman. 1972. 
World Directory of Culture Collections of KicroorganiSlDS (S. M. 
Martin 'and V. B. D. Skerman, eds.), 560 pp. InterScience, Nev 
York, NY. 

*American Type Culture Collection Catalog (ATCC) Fungi/Yeasts. 1984. 
(With Index to Industrial Applications). s. C. Jong and M. J. 
Gantt, eds. Library of Congress Catalog Card No. 84-71496 (ISBN: 
0-93000-07-X). 

ATCC Update - Fungi and Yeasts. Ibid. 

*United States Federation for Qilture Collections Newsletter. 1986. 
Vol. 16, No. 2. (General Organization of Culture Collections.) 

Culture Collection of Plant Diseases Division, New Zealand Department of 
Scientific and Industrial Research (PDDCC). Catalogue 1981 (1st 
ed.) - c/o PDDCC, DSIR Mt. Albert Research Centre, Private Bag, 
Auckland, New Zealand (updated 1983). 

Centraalbureau voor Schimmelcultures. 198). List of Cultures, 423 pp. 
CBS, Baam, The Netherlands. 

Catalogue of Reference Culture Collection of Wood-Inhabiting Micro
organisms. 1975. J. K. Shields and M. Shih, eds. 62 pp. 
Eastern Forest Products Laboratory, 800 Montreal Road, Ottawa 
KlA OWS, Canada (updated 1979, J. E. Clark and E. C. Setcliff, eds.). 

Reference Citations 

Catalog of the Culture Collection of the Commonwealth Mycological Institute. 
1983 Suppl. Fer'l"}' Lane, Kew, Surrey, UK. 

National C.Ollection of Industrial Bacteria. 1984. I. J. Bousfield and 
S. D. Graham, eds. Her Majesty's Stationery Office, London, L'K. 

Deutsche Sammlung von ~kroorganismen. 1984. (Gennan Collection of 
Microorganisms). Bacteria, Filamentous Fungi, Yeasts. Catalog of 
Strains. *Gesellschaf t fur Biotechnologische Forschung ~H, Grise 
backstrasse 8, D-3400, GBttingen, Federal Republic of Germany. 
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APPENDIX Vl. (CORTINUE>) 

Czechoslovak r.ollection of Microorganisms. Catalogue of Cultures -
Bacteria. 1982. 4th ed. J. E. Purkyne Univenity, Bmo, 
Czechoslovakia 

Catalogue of Yeast Qiltures (Kat.al.6g lCultur Kvasiniek). 1977. A. Kockova -
Kratochilov,. VEDA, vydavalstvo Slo~nskej Akadeaie vied, 
Bratislava. 

'nle Rhizobiua Germplasa Resou_ce at Niftal. 1984. J. Halliday and P. 
Somasegaran, eds. 1st ed. University of Bawaii/Hircen 

List of Cultures of Wood-Rotting Kacrofungi. 1969. Building Research 
Establishment, Department of the Environment, Princes 
Risborough, Aylesbury, Bucks, UK. 

Institute for Fermentation, Osaka. 1984. List of Cultures. 7th ed. 
17-85, Juso-honmachi 2-chome, Yodogawa-k.u, Osaka 532, Japan. 

Listing of Japanese Collections. 1985. By G. Szakacs. Technical 
University, Department of Agricultural Cllemical Technology, 
1111 Budapest, XI, Hungary. 
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COICEPTU&L OUTLDI POI 

S!LECTIOI OF B!PER-CILLULOLYTIC STlltllS 

An outl in• is presented to gain strains ca pa bl• ot growing on 
soluble substrates. These substrates will racilitate teraentor opera
tion (in comparison to the use or insoluble cellulose) and will result 
in taster grovtb rates and hence £reater cellulase productivity. Tbe 
pretet"able sequence would be tirst gain good lactose (1!.ilk vbey) 
inducible strains and then use these to gain •clucose-constitutive• 
strains. 

1. Bigb yielding 
B. Rtpidly growing 
C. 1dequati 8-glucosidase - cell bound 
D. Constitutive production vben grown on soluble substrates. 
E. Stable strains 

General approacbEs were noted in the Rutgers papers. 

1. !!uta tion 

Hitrosoguanidlne is tbe cost ertective mutagen in our bands. UV 
light is al so ettective. Other muta£ens can be tried but have not 
yielded as productive results. However, a par ti cul ar type or mutant 
:;iay becoae availa_ble only through use or turtber mutagens. 

2. Strains 

Initiate the progru vitb hyperproductive strains e.g • .L reesei 
RUT-C30 or RUT-P37. 

3. Restriction or colony size 

3se oxgal l or deoxychol ate - lLJ2I phospbon D. t!o •restrict ors• 
are recp:ired witb the use or 2-deoxyglucose. 

4. Detect.ion or activity 

Total .sa.,llulase - use acid-swcllen cellulose to ~ive a 
tra:lSlu~cent agar layer. Incubate ;>regrown cultures overnight at 
so 0 c. Observe tile degree or cl earing. 

;;ndo-;lucanase - use carboxy-;;:ethyl cellulose (C~~C) overlay in 
coc bi nation u i th Co n£o red. 

8-Glucosidase: t'ethyl ucbellit'eryl 8-i:>-glucose (H:JG) is the 
a:o~t sensitive and easy to use. It could even be too sen!itive for 
selectio:: of high yieldin;; strains. t!ote - u· cell-bound en:yliie is 
required, one should _lli .select on the basi:> or activity 
(rl\!ores'er.ce) a.rounc! (out.sice of) the colony, but ror creater 
ir.tensity actually at the colony surface. 
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It "1G 1• too HDaltl••, P-' · tro-pb•llfl-l·D-1l11ooald• oo•ld be 
aaed. SiallarlJ, aalioin or •• ..• a oould be •••d •• al terut• aub
atratea (••• prlor papers) • 

.klllobiobydrolase; lo e:ood asaaJ but trJ aetbJ l uabel l lter11-1-
D-cellobloae (HOCB) (Sipa Cbeaicala, Chicago or locb-Ligbt, Colnbrook 
01. suppl 1 tbia chea lcal]. 

On tbe one band, one should tocua on detection ot total actiY itJ. 
BoveYer, as acid-swollen cellulose is ditticul t to prepare and tb•r• 
is alao evidence ot co-ordinate regulation ot t!le cellulas• 
cocp~nents, detection simplJ or endo-glucanase or 1-glucosidase 
mutants could yield 1:u1tants vitb increased total actiYity. 

5. Copstitutiye Strains 
... 

Mutate as described and plate on ricb mediua (malt extract or 
potato dextrose agar. Atter tbe colcnies bave grown up, overlay with 
•detection agar•. For MO-derivatives one can observe under UV light 
at'ter 10 win - 30 :iin. Congo re.d c.r. endo-glucanase detection is 
perhaps 30 min after the addition of tbe CMC overlay. For total 

0 
cellulase activity, tbe overlay must be incubated overnight at 50 C 
and tben clearing observed. In this instance, induction of cellulase 
could occur. This can be prevented by incorporation or an inhibitor 
ot protein synthesis into tbe overlay medium (actidione). It this 
kills the colonies, then prior replica plating must be used. However, 
one can assume that incubation at so 0 c will inhibit protein synthesis 
and induction, and thus only constitutive mutants will be selected 
for. Again if so 0 c is too stringent lower tbe tereperature (llO-Ja5°C) 
or in advance ot" heating at 50°\:. 

6. Best cutant selection: 

To date this bas been through the use or 2:=?eoxyglucose as an 
antimetabolite and also as a catabolite repressor. Hutate and plate 
with 2-deo::yglucose (2DG) plus an alternate substrate (cellobiose, 
CHC, acid-swollen, cellulose or Avicel). Our first mutantswere-with 
0.2~ 2-DG + 2~ ce 11 obi ose. Foll ov int: selection or the t irst mu~an~ 
series, these pro por tier.a are changed to bav e a greater proportion ot 
2DG. A series or ll:utants can be developed by this technique alone. 

r:ote: In this c:ethod, mutants can be only just 
alive. Son:e simply grow and then die 
lysing. Tender loving-caret Perhaps initially 
subculture 1.n sloppy agar t~ cive osmotic 
suppcrt. 

7. Selection~~ ;ytant I.c.2g several hundred cutants 

Culti;re in s::all •.1ells, usin~ the a.:ar covered b7 a polycarbonate 
sneet. .,1~r. 5-lOc.m holes. Use either the relative direct clearin~ or 
cellulose arac or 3:1 overla:t :ethod. 50 ::iutants at a ti:e can be 
evaluated l:i:; t.:sing a ;>yrex coolcing dish (2~c~ x 50cg) 1:; the culture 
dish. Select the o.,ti::al ::autant. 



• • 

• 

- 3t -

lot1ce also tb• aeqaent1al ooal)arat1•• ••Ulod ot Labudo•• et al., 
fEllS MtarobiologJ Letter• 20: 211-215 (1913). 

Critical use or these tvo approacb•s can al so lead to selection or 
stable stl"ains • 

8. 111 autant aat1•1ties aust be contil"lled in liquid aedia. 
ActiYities in agar need :iot corl"elate vitb that in liquid aedial 
Practical •~dia should be used (cheese vheJ, aolasses, xylan) note the 
vbeJ lactose could enhance yeilds bJ induction. Selection or taster 
trowing strains can be by use or liquid aedia (continous culture) 
(Bungay et al.) but care should be eade or not co~comittantly 
selecting ta.st growing, but lov yielding strains. 

ff OTES 

• Evaluation of cellulase production should include studies or total 
saccharitication ot crystalline celluli:ase, and not just initial 
enzyme reation rates. 

• Remecber mutational anaylses are randoa. Expect .tR evaluate 
several hundred mutants! 

• Store mutants carefully - (deep freeze - lyophilizer). Once lo~t, 
you.have to begin the total process again. 

• Al 1 types or mutant should be ·co nsi de red. Altered morphology cay 
indic1ate erJlanced enzy::e production (see Labudova et al., cited 
above). 

4 FollowinG isolation of g"ood constitutive ::iutants, one can only 
select further :tutants based on relative activity [i.e. increased 
size of cl earing zo:ies]. 

Perhaps at this sta~e industry should take over. 

esoTOPLASI FUSIOU 

This technique (see attached papers) could be useful in coabinin! 
th~ total cell"6lol7tic attr-ibutes of differing strains (~ee Toycu:ia 
references). Success in other prograos has been l icited, e.g. in 
antibiotic screeninc procrac:s. However, one attribute is to 
r~vitalize w~yper-:utated• strair.s 01 crossing to gain hybr:d vi:~r. 
!:.tra-chroc:oso::ial inheritar.ce with fungi and yeasts (e.g. mitochondria) 
could play a vital role here. 
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