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Production of biological catalysts stabiiisation and exploitation :
nece551ty, content and management pr1nc1p1es of a p0551b1e community action .
1n Biotechnoiogy T e R T T e e ‘

The obJect of . this study is to define the necessary steps which
ought to be taken W1th1n the Community for promoting research on enzyme tech-
no1ogy and 1arge scaie 1ndustriai appiscations ’

A Commur1ty~action, to be worthw11e and competitive, Cannot be t
defined uniess preC1se 1nformation 1s coiiected by the few european experts
-in_the fieid on : ; R o
. the exact potentiaiities of enZyme technoJogy y
. the present state of research in. the Member states,

fl;the on901ng act1v1t1es and needs of European industries With regard to

“bioreactors and enzynes technology, s

.fthe situation outside the Community and particularly 1n -Japan which has _
- taken the ead in this fieid and which is now reaching the stage of large -

”]‘scaie industriai applications, ,.i,w‘ FE i .
. the research efforts which need to be carried out for bringing to exp101~fz

~

‘”.‘tation enzyme technology 1n ‘the. Member states

/

_ The potentialities of enzyme techno1ogy for 1ndustria1 app]ications \
are enermous and could 1ead to the promotion of a" completely new ‘type of
chemicai industry working undei- natura] moiecules such as'water and those -
contained in air, with a small energy 1oss, high yieids of complex chem1cals o

’ which do not produce waste products disturbing the environment

3 IF the Community 1s ever to reach the advanced stage of: the Japanese

1 1n this area. 1t is absolute]y essentiai from both the p01nt of. views of oppor-"

tunity and rentabiiity, that a clear. and detaiied survey be first made of the

preSent situation in. the Member states and ‘of the exact needs of the Community . :

Th1$ is the purpose of the present study

\..‘
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In chapter 3a genera] 1ntroduct1on is presented on the

",penzyme technologys suitab1e for the reader who is not very fam111ar w1th the o

In chapter 4 1ndustr1a1, ana1yt1ca1, medical. potent1a11t1es of

B fi;enzyme technoTogy are investagated ‘Some. app11cat1ons are already 901"9 0" "»" |

or are ready to be used in’ the near future (e.g. sugar and ‘sugar syrup
‘manufactur1ng and sweeten1ng) Some app11cat10ns need further fundamental .

a research before they can be u used at: the industrial 1eve1 It is espec1a11y

the - case for app11cations 1nvo1v1ng eofactor regenerat1on (synthes1s and/or

- tﬁfmod1f1cat10n of ant1b1ot1cs, sterofds, vitamins L) Obviously the potent1a1’f,e.°f*
f_,_of enzyme technology for 1ndustr1a1 ‘and med1ca1 app11cat1on is important and
R could Tead to. the promot1on of a completely new type of chem1ca1 industry '

‘working under moderate conditwons of pH temperature and pressure to produoe

' 'fromwastes or by—products, high-y1e1ds of comp1ex chem1ca1s whmch do not .
d produce new products d1sturb1ng the envmronment The 1ncrease of the 1eve1 of.
»h"b1otechnOTogy 1n European countr1es is a1so 1mportant for payment ba]ance of '
‘ member-states Gl L : , '

The chapter 5 deals w1th the present state of research 1n the S

member-states and needs of European industries, w1th regard to bloreactors L
and enzyme techno1ogy (patents, papers, research programmes, prospects in thej
: European 1ndustry) ‘ SR : C e a

The chapter 6 ghves a descr1pt1on of the s1tuat1on in Japan,

;LU S A and others countr1es ( Sweden, Israel s U S S R.) 1n the f1e1d

In chapter 7 the necess1ty of a communwty act1on is d1scussed

"}hnlt is argued why. . for our partecu]ar field of research an. 1ndirect action w111"
) obe extreme1y benef1c1a1 to Europe in strenghten1ng its pos1t1on in the woer

In chapter 8 the research efforts wh1ch need to- be carried out

oin the membermstates 15 presented A se1ect1on of f1e1ds for. community action
| r{~1s made. This se1ection is. prov1s1ona1 The se?ect1on is “needed to shape the
l¢_structure of the management of the commUn1ty programme Therefore the programmeml* |
»'presented shou]d be cons1dered as a genera] framework flex1b1e and subm1tted




-

. to a1terations from both new sc1ent1fic~1deas and mod1f1cat1on of the econo-
“mical context . To chapter 8 a ‘confidential addendum is attached, 1isting

- groups in member-states wh1ch could in the opin1on of the author part1c1paté

- in the programme It is different to maké overt 1nquir1es and ommissions are

. i probabYe. The list 15 presented to a]]ow the responsab1e community author1ty

" to create an 1nit1a1 nuc]eus for the grOW1ng programme "

e




i The use of bwcatawsts f°" ‘"dus"“a‘ a“d "‘ed'cal app hcamns
needsa good know1edge in e"Z¥m°T°9y e

The study of enzymes and the1r un1que capab111t1es for the cata1ysusf

: of extreme]y specifac chem1cal react1ons has. aroused the interest. and cha?]en-f_f’fq.w

ged the 1ngenu1ty of chem1sts m1crob1oTog1sts medical sc1ent1sts and o
industr1a1 processors of- natura1 preducts for. hundreds of years. Howeverg |
' our present detalled know]edge of enzymes has evenwed mn a. re1at1ve]y short
period of t1me, beg1nn1ng in the 1ate 19th century It was dur1ng the 19th
century that nUmerous observations were recorded —on the ab1l1ty>of certa1n

body fluids and yeast "ferments" to. catalyze spec1f1c chem1ca1 transformat1onse)[ S

In 18?8. KUhne cal?ed these unknown act1ve agents enzymes, from a '
Greek word mean1ng “in yeast" Some n1neteen years’ 1ater, a key p01nt was
made when Buchner showed that a ce11-free yeast extract could, ferment g1ucose

to ethan01 and carbon d1ox1de Thus demonstrated that the: enzymes that cataIy- ; 1[?

N zed the reactions were purely physico chem1ca1, devo1d of any specia1 K

| *“~"11v1ng qua11ty" then: assoc1ated by SOme workers W1th fermentat1on precesses
Subsequent attenus at ‘the 1solat1on and pur1f1cat1on of enzymes were rewarded o
1n 1926 when Summer crysta111zed urease ‘and: estab11shed the chem1ca1 nature

of enzymes Enzymes were shown to: be prote1ns that possessed the capab111ty

| of catalyzing spec1f1c chem1ca1 react1ons The per1od s1nce 1930 has ‘seen’
the d1scovery and characterazataon of hundreds of enzymes, both‘extrace11u1ar B
and 1ntrace11u1ar types Today, over 2-000 enzymes have been. found and many '
hundreds 1ike1y awant d1scovery (Enzyme Nomenc]ature 1972 E351ever, Amsterdam)

S _ W1th th1s warehouse of compounds, the enzymolog1st and his co?leagues i?
.. on: chem1stry and X—ray crysta]lography bus1ed themse]ves in estab11sh1ng the ,'
structure and try1ng\to f1gure out how these enzymes funct1oned ‘That was: ‘the

mechanism ef the1r cata1yt1c act1on Out of th1s has come a descr1pt1on of the fh?; 4

'v amino acid sequence of several dozen enzymes as well as maps ‘of the three~
dimens1ona1 arrangement of the atoms compr1sing some smaller enzymes such

, ,‘;, as r1bonuc1ease ( G "KARTHA et aT, nature, 19675 213, 867) and’ 1ysozyme R
(D M CHIPﬂAN and N. SHARON sc1ence. 192L 165, 454) These efforts 1n tear1ngio,‘ R

apart and. reassemb11ng of enzymes cu1m1nated in 1969 with the first chem1ca1 ‘
v synthesis of an enzyme, r1bonue1ease, by two d1fferent routes (B GUTTE. and

R. B MERREFIELD J Amer., Chem Soc .. 91, 501, 1969, R.G. DENKEWALTER et a1

J Amer Chem Soc - 91 502 1969) Eoncurrent W1th the extens1ve stud1es of v v




~*f’enzyme tructure were equa11y 1ntensive 1nvestigat1on of techn1ques for

,;'?ﬁpstudying and describ1ng the k1netic parameters of enzymes—cata1yzed react1ons;' g
;7y0ut of all’ these efforts have come severa1 ‘theories on the detailed mechan1sm'

;ﬂ‘f of the catalytic activity of enzymes. Yet many qUest1ons stwll remain unans-
:;”'wered even. for. the most. thoroughly characterlzed enzymes. -

i T Enzymes have been used wwdely 1n 1ndustr1a1 proceSSTng, analyt1ca1
chemistry, and more recently 1n cl1n1ca1 medicine On a we1ght basis ‘the

;]:;exo-enzymes, those wh1ch m1roorgan1sms synthes1ze and then excrete 1nto the
’r-"'ufermentat1on bath have been: 1n the maJor1ty Thts resu]ts from- the lower y
jfﬂ,lcost of ‘the exo—enzymes as - compared to the greater expense of 1ntrace11u1ar, ;-

- and especia11y 1ntrace}1u1ar part1c}e bound enzymes - 0f the six c1asses of .

: gthe oxidoreductases

yfgenzymes (oxﬁdoreductases, transferases hydrolases, lyases, {somerases,

,7;‘1inases) most: 1ndustr1al ana1ytica1 and even medical usage have been with
’the hydroIases, such as the proteases and amy]ases, and as a d1stant second

The 1ndustr1a1 usage of enzymes f1nds strong support in the fermen-

,;L tation 1ndustry. where enzymes are used both 1ntra and extrace11u1ar1y to f
fcarry'out a sequence of transformations As a ruTe of thumb, a fermentat1on

’A~process has an economwc advantage ever a synthet1c chemical route ma1n1y whenfif‘ |

' a 1arge number of chemxcal steps are requ1red and often even with processes *
_ where the nature of the reaction m1xture, the product composit1on, and the ,1
T spec1fic transformat1ons are understood Thus most fermentation steps are

hlomu1tienzyme processes. In many cases so 11tt1e is known about the spec1f1c

enzymes and the product that there 1s 11tt1e 1ncent1ve to try to replace the -
B fermentat1on un1t w1th a series. of reactors, each conta1n1ng the appropr1ate .

w7 cataTyst to carry out. the next step of the. overa11 process However, in better

in defwned fermentation processes there may ‘be an economr:advantage in replacing
Tthe fermenter with a series of enzyme reactors, prov1ded a method cou1d be

S 't;“ found to min1mize the enZymegcost‘andﬁprovide for enzyme recovery and reuse.-

During the 1960'5 when c1assica1 enzymo1ony was moving fu11~thrott1e

,A\'fj:;to deve]op our. understand1ng of enzyme structure-property relat1onship and.to.
- 7f(,estab11sh more rational theor1es on. ‘the mechanisms of enzyme activ1ty, several
i:§5f‘other signif1cant deve?opments were taking p1ace The Tatter arose from such
, jﬂ*ifields as. 1mmunochemistry, microb1a1 genet1cs, and chromatography ; and played '
‘ d}.na very important role in provid1nq 3 basus for what we . are ca111ng enzyme I
i ‘ ‘technology These developments xn uded a) 1mproved methodo]ogy for 1nducing S
£ fg_m1croorganisms to favor the product1on of selected enzynes b)improved methods




ffer purmfteetien ef enzymes c) metheds for the 1mmebllisat1on of enzymes

, er whole cells (d) on: soi1d support e) methods for the cont1nuous ese of

'r‘,enzyme in f]ow reactors -f) the techn1que of so]1d phase peptlde syntheSTS.
faTheee $ix eeveiepments has prov1ded the bes%s fer overcomwng some ef the

- ;maJor lim1tat1on to greatly enlarged usage of enzymes o

”.\j: ) a} ENZYME SVVTHE‘ 1-“ . 'l, PR

/" B 3

- ~ The f1rst deve!opment refers to the s1on1f1cant ‘advances ‘made

! meﬁn!y in mmcrebae@ogy, but also 1n plent and enmmel phy51o]egy9 in ieernmng 3

,‘;whneh feeters to use to 1nduee the organism to favor the‘produetien of a

specific enzyme, The initial costs of enzymes depend ma1n1y on the d1ff1cu]ty

of grewing and then iso]at1ng and pur1fy1ng each enzyme Many enzymes are

\Q‘present in living t1ssue 1n m1nute amounts. 50, that large quantatves of
fmverebﬂe% or other cel?s need to be prpcessed for a few. grams of & speetftc
renzyme. By 1nducing a m1croorganism to. grow more of a particu]ar enzyme, the

| task of tse]eting a gﬂven amount pf enzyme is made easier and, cheeper Detemled

‘”“; descriptmens of . these techn1ques ‘were descr1bed by Demain and others The

'techntqees involved in enzyme induction and genetac men1pu1atten of microbial
cells are expected to play a mager ro]e in prov1d1ng cheaper enzymes in more
| ebundent supply as- we]l as a w1der var1ety of native and mod1f1ed enzymes.
. This aspect is d1scussed in detalls 1n the study of A. RORSH (Genet1c Manvpu- o
' lations in applied biology, 346-77 7- ECI NI, chapter 7- 1) for the European sA' |
~"‘:rtiio)mmurnty. SUCh 1mprovements in 5upp1y and cost should do- much te st1mu1ate CA
f‘;the use of enzymes 1n addit1ona1 ppp11cat1ons : '

b) PURIFICATION oF. F‘xVZME’ '

R ‘,

‘ <, The mager1ty of the past and present 1ndustr1a1 uses ef enzymes |
/“have been with crude preparat1onz However, many of the contemp1ated uses for
'fimmobit1zed enzymes wii] ‘require h1gh1y purified fnrms Technlques ‘for the ,
"ﬁarge scaie in1t1al 1so1at10n and part1a] ‘purification of enzymes from mtcrew
V‘fb1al p]ant and animal sources mehe use malnly of traditional, precess1ng
- steps,. sea]ed =Up in some 1nstances direct]y from the art. of the research _
| leberatery. In ether cases; newer equvpment has been deve]oped especially for !
© cell d1srupt1en and centrifugat1qn The use. of sem1permeable melbranes has
'_ proven very Usefu1 in the 1nit1a1 1so1at1on steps However, major: adyances
,"‘in membrane deveIOpment w111 be needed for the fract1onat1on of enzyme mixture
o by this technlque DDWARDS (Advan App1 M1crob1o1 159) has rev1ewed
"several ‘methods for isolation fo enzymes. ' ' : s




R On the other hand the f1nai pur1f1catlon of enzymes memalns a
tedlous task ‘be it in the laboratory or in an 1ndustr1al plant, with
chwomatographlc methads in preponderance Gel permeatxon chromatography ‘and
the recently deve]oped technique of aff1n1ty chromatography hold very high

~ promise for simplifying the pur1f1cat1on of enzymes The latter method- cons1sts
of contacting a crude enzyme preparat1on with a sol1d support to which is
attached a reversible inhibitor or some other type of molecule wh1ch will
'“se1ect1ve1y and- revers1bly bind with the enzyme of 1nterest With the enzyme
thus bound to th@ %mmobmi1zed inhibitor, the support-inhibitor-enzyme compiex
is separated from the initial crude feed and the pur1f1ed enzyme eluted from
the support- 1nh1b1tor port1on The- method has been reviewed by CUATRECASAS
(Ann. Rev. B1ochem » 40, 259, 1971) - ‘

Gel filtrat1on and aff1n1ty chromatography as well as other chroma~
tograph1c methods hold promise for reducing. the cost of purified enzymes as
well as for making available larger supplies and var1et1es of enzymes. However,
much deve]opment work remains to be done, espec1a11y in the sca]e -up of these
meth@ds ‘

;

) IMMOBILIZATION OF ENZYMES

Immobilizat{on refers to the mod{ficétion of an enzyme as to
restr1ct 1ts gross movement and keep it in a re]at1ve1y defined region of
" space. This 1nc1udes trapping in a gel, encapsulation in a membrane she]]
~adsorption on a surface, covalent bonding to a solid, crossiunkﬁng inside a .
support and cocrossiink1ng with a carrier protein

Techniques for the imm©b1]1zat1on of enzymes received their start
from efforts to find ways to prepare water-insoluble derivatives of proteins
ma1n1y for the study of 1mmunoprote1ns Considerable success in the attachment
of antigens and ant1bod1es to water insoluble support. materia%s was achieved .
during the 1950's. It was not 1ong before these techniques were extended to
the ‘attachment of enzymes. It is not’ p0551b1e to describe in details all the

techn1ques of 1mmobil1zation but in order to give an idea of their potent1a1i»
_t1es the descr1bed enzyme immobilization methods are given Table 1.
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M@ny of the earlaer efforts 1nvolved adsorptmon of enzymes on soild supp@rts

‘,i( M@?u©d E) H@w&verﬁ this approa@h was n@t highky successful due to d@S@rptman :
/ and in scme cases denatuwat1@n ef the enzyme There is no chemacaﬁ 1mmob@— Lo
“.‘1ﬁzat?@n of .the pr@tean and no’ stabi]1zataon of the tertaary structure Th@ ., ' |
 ' advantages of the method are a low cost of 1mm0b1ﬂazat1@n and a° g@@d flexan.
"'fvbwlﬁty of the use. The second method is the entrapment of enzymes ina ge1 or

in.a p@?ymer En the meth@d there is no chem1ca® stabv!nzatvon but the immobi- \‘:

1%2@&%@% pr@cegs is. qumte smmp?e and cheap ( Method 1) The thﬁwd method

",mg @ﬂ@@psuﬁatman wmthvn a membrane shell of ‘the enzyme mo%eculesﬁ There s

o chemical. stab%?mzatﬁ@n but. the usé of the macr@capsuies is qumte fﬁexabﬁ@s )

E Jthag meth@d of 1mm@b%lﬂzat1@n is especma%ﬁy usefuT f@r the medaca@ appﬁﬂca»'?f
) - tion ( M@ﬁh@d Iii 3 The f@urth method is’ a cavaleﬂt bﬂnd1ng of @nzymes | '

'""molecuﬁes to. a 5upport The techmtque is eff1cient for an ‘actual imm@bninm. ; »

ti@n of the enzym@ on the C@PP%@? and f@r a chem1ca? stabiimzation of the

‘]pvmﬁ@ﬂn but the t@chniqu@ is g@neralﬁy qu1te g@ph1stncat@d and exp@nsiven }

1
-

',ﬁTh@ carrier must be f1rst activated w1th chemicals and in a second step the

enzyme 15 1mm@bﬁ1%zed “Due i@ the hmgh cost of the actﬂvatm@ns @nﬁy @nzymag
with a hﬁgh pwrity are mmmobilnzed in gaod cond1tions The mamn advantage @f

-th@ m@th@d»ms the hwgh quality of the mechan?caﬁ propertmes @f th@ cawwnew/ '

far 1ndustria1 use ( Method v ).

‘Th@ ?ast meth@d ﬁs a cross?mnk1ng of the enzyme molecu1es 1nsxde a.
»g‘pre@sttmng matrvx or wmth other prote1n mo]ecu1e5 (cocrosslznkwng) (Method V)
. This method 15 esgecwal1y interesting for ‘the, 1mmob111zat10n of crude enzyme '

| '?rpreparati@ns the impuret1es are used as carrier for the enzyme. in this: case.
\;':Th@ method giV@s a g@od iﬁcrease of the enzyme stability due to the chem%caY

’f%%wkag@ awd to ﬁhe pﬁotei@ envir@nment 1ﬁside the support The @imitat1@n§

of the. m@%h@d aw@ %n th@ m@chanacai pw@p@rtmes @f th@ @POdUC@d particies..

: It 15 of 1nterest for prbmot1ng a research programm to dxscuss

“Tf%h@ Tab?e 1. The mnf@rmatmon dea%s wwth 750 1tems (papers and patents) am@né
‘f’,mara than thmuéamd 1tems, the dwfference 1s due to revwew @ap@rsg thearetﬁcalw |
e p@p@rs and so on. Move than 70 enzymes were a%ready 1mmab1112ed (amang the '
'f“ZOOO ﬁmst@d within the enzyme monenciature) but it s Tmportant to note’that
| fl@ @nzymes represent 55 % of ali,the 1tems These enzymes are seven hydroﬁasesiv”ii

{




TABLE 1 -

© IMMOBILIZED ENZYMES

( the references-dealing with the topic are,giVen in the appendigés)

Enzymes S Methods of immobj]izatjon'. | Number of pa%ents and
(E.C. number) ‘ (Signification of number is i -papers
| given:in the text) ;
Alcohol denydrogenase I, IV, Y IR 10
(1.1.3.1.) o ‘ : : o o
Lactate dehydrogenase - | I, 11, IV, vV e li
(1.1.1.27y . 4 , ‘ w k
v"Ma?ate dehydrogenése (' ”, f 1 » e S » 2
CO(1.1.1.37) o LR : “
Glucose-6-phosphate LI IV, Y
 dehydrogenase L > : . . ) ,
(1.1.1.49)
Glucose-oxidase - - | I, Ilguzv,v . - | .30
o {1.1.3.4) . C | o
Glyceraldehyde phosphate ‘ o A 2
dehydrogenase - o s B | L
(1.2.1.12)
Luciferase . R R o 2
(1.2.-,- ) ' g | o
SQccinate dehydrogenase - U S L ‘ 1
o (1.3:99.1) | , \ : | -
| Glutamate dehydrogenase | oL 5
(1.6.1.3) » , . o c
Leaminuwacidjoxidése “ ' R Ili IV . . : 4
(1.4.3.2) - ' S ‘
- Uricase | ; - o I, o PR 4
{1.7.3.3.) : o S o
Tyrosinase S v : 2
{1.10.3.1) n o . : . o
catalase . - I, 11, LIV, V | 30
(1.11.1.6) | - | ;
Peroxidase . - I, 11, 1V, v ' L 15
(1.11.1.7) | . N : C




, Enzymes 5w
*i:‘"{E C number)

: ; 1;Dextran sucrase el
ey
| ffﬁGlutamic~asparfic

»‘transaminase L
{2.6.7. 1)

:T;:Hexok1nase
2,

“ﬁ'{“Phosphofructok1nase -
- (2.7.1.40) -

j3]g;nyruvate kinase ‘?""  -

- (2.7.1.40)

f~Creat1ne kinase
(2.7 3.2, )

ffgffPhosphoglycerate mutase
1 (2.7.5.3.) \
(2.7.7

>'“R1bonuc1ease A
3 ( 2. 7 7. TG)

‘(“ : Lipase S
{30013, )

| %.'incetylchol1nesterase
- \.n]a 7)
- (3.4

v4 i]A1ka1ine phusphatase
- {3.1.3 )

Y‘,,fAcid ?hosghataSe

(3 1.4.5.)

'” fStero1 sulfatase
(3.a.6.2.)

‘~;fPolynuc1eot;de phosphory]ase;¢3?!

© ‘Sterotd es%erase ,i", P

| ig}ﬂeoxyrmbonuclease fi}fL e

s Ny

£ ? 1} I;;zly; V ‘;  :
‘fll}éfyiwfﬁ ‘:‘

jy ;3§_‘ R

"1;%I1;71v; V\, o

L,

_”> 1;fiv;fv’ S

Rt RS

 TABLE I cvee)

| “Mefhbds ofifmmdﬁiTﬁiatﬁoh \‘f‘i, B
" "(s1gn1f1cat1on of number is ;.
o g1ven in the text) '

) .

“"<’a¢':1f;;>;;mfi;'

V'J”TIV  ;\5‘;“, RS

~Number of patents and

papers :

RETIR




Cgamylase
(3.2;:1\.1.) 4 X PR

;;;;

o  Pep$xn

Enzymes

7 (E C. nUmber) s

N

. B-amylase

: (3‘.‘21.1‘.'2.)" '

- Glucoam 1a§é'

REEAKEN

[Cellulase L .
(3.2.1.4.) © .

J,'Dextranase P
32y

!;L sosyme

GER AR T T

$smglucuzonadase L

(3.2.1.21)

Hya?uronvdase
(3 2. 3 35)

Nar1nginase

2.-.0)

: Leucine ami nopeptvdase'_' :

S (3.4.0..)

- Carboxypept1dase A B 5f~f
(3 4.2.1, 3.4.2.2.) ¥
A

(3.4, 4. 1)

: o Renn1n 5

(3.4.4.3)
Tr sin "‘#’
(.a00.a)

N ,a~chymotryps1n‘

S (3.4.45.)

‘ f'PapaTn

(3.4.4. 10)

:V.F1c1n P

(3 4.4, 12) :¢f“

Methods of 1nmob111zat1on ’ ',f S Number of patents
(51gn1f1cat1on of number 1s P and papers
ngen in the text) ST

LWV 15

EER | S e LR S

wev
SR T ey

RIS  TIRER S
Iy Ilg.iﬁ;‘y;if,i.i;°}f':;_  !'<rj*.;ﬂ}'f:.7ba -

BT T N T




57~forease e

"fiThromb1n

j<j;8ﬂmdaﬁ\ v

04420”‘

"ﬂrgvarbnase .

(344~,md

| 1)

Sl L-qsparag1nase,v'
@)

(3.5.1,5.)

‘ 7» 5;;Pen1ci111n amidaéé ?if

(3.5.1.1)

~ 7Am1noacy1ase
(35.1.14)

f*,_ATPase
C(3.8., 3)

?f;.f:Apyrase : ‘<f“.. ~ /)“j,<‘ 

(3.6.1.5.)

iff‘LPyruvate decarboxylase R
o aaa et

* Carbonic anhydrase IR
C(8.2.0)

 :;nyros1ne decarboxy1ase
; (4 1.1.25) ,

li‘ﬂPhenyIalan1ne decarboxy1ase
(e 29

.(§.1.2.13)

\Glucose 1som&rase o

(5:3.1.- )

‘”*j;3Triose-?hos§hate isomerase  “i:ﬁf =8

(5.3

G!ucose»ﬁwphosphate 1somerase;:,:‘

o (6:3.0.9.)

v |

wo

g
LY

WLy

aLy

R T E 2

Comunwy

LI UL W,V

_i_‘fFructose diphosphate aldo1ase}ff,f);*;fV;f ;j}xsx/”~mx"‘*

Voo

LV

| 'ﬁ ]Oa

‘f  10“;:s;if

s

20

,

more than 30

S (numerous unpublished data)




l

. R B

) (a-amy1ase, B~ga]actos1dase 1nvertase. pep51n, tryps1ne 5 a-chymotrypsmn, N

"'papafn), two ox1do~reductases (g]ucose-ox1dase and cataiase) and one .
1somerase.‘The enzyme used;’ r1ght now. at the 1ndustr1a1 1eve1 are roughly
- the same In' orderlto promote the enzxme technology it would be necessary

“to deal wath more soph1st1cated enzyme react1ons involv1ng cofactor’ mo]ecules 3ff

. ‘and produc1ng‘h1gh value campound A 11st of commerc1a]1y ava1a1b1e ‘”

immob11ized enzymes ‘for a laboretory use is g1ven Table II The tabie 15
oniy an. indwcat1on for enzyme presented are on]y Taboratory use. In- case
on 1ndustr1a1 app11cat1on the compan1es are selllng the process end not the
1mmob111zed b1ocata1ysis -,;‘;’;f;;;f, T '

ﬁf“

d) rmmoazzzynrzow OF WHQLE CELLS ,ﬂf‘ |

Due to the high cost of enzyme pur1f1cat1on there 1s a grow1ng :

| ,ﬂ' 1nterest devoted to the 1mmab1iizatwon of who1e mncroorgan1sms Severa]
3'papers have . deaT w1th ‘the anmob1lizat1on of ce11s by entrapment 1nside -
o ?polyacry?amide ge]s (MosaAcn K. and LARssoN, P.0., Biotechnol. B1oeng oo
.12, 19, 1970 - FRANKS, N.E. Biotechnol. Biceng. Symp.., 3, 327, 1972 &t

" 'SLONINSKY, W. and CHARM, S.E., Biotechnol . B1oeng , 15,973, 1973 -
- YAMATO, K. ‘et al, Biotechnol. Bloeng s 16, 1601, 1974 - SATO, T. etal,
gB1otechno1 B1oeng + 11, 1797 - SHIMIZUS, S. et al J. Ferment Techn ,‘§§,7h ...

77, 1975 -LARSSON P 0 et al Nature, 263 796 1976 - PLICHON B et al,

;l“Ana1ys1s and Contro1 of 1mmob1112ed enzyme systems“ p- 1 - North Hol]and— o
f_mawmm,wn = MARTIN, C.K.A. and PERLMAN, D. mm“mm mwm,le‘_
- “217 1976), agar gels (TODA K. and SHODA, M. B1otechno1 B1oeng . 17, 481 -
\ ,j:TODA Kt, Biotechnol B1oeng, 17, 1729) and polymers of ce11u1ose triacetafe“e
| f(DINELLI D., Process Biochemistry, 7, 9) M1croorgan1sn5have also'been
._““1mmob1112ed by absorption and then Cross 11nked w1th1n 2 co11agen lem
*(VIETH, W.R. et al; Biotechno1 B1oeng , 15, 565, 1973 - SAINI, R.

and VIETH W R. et a1 J. Appl Chem Biotechnol ¥ 25 115 1975) or by
1mmob1lmzation on z1rcon1um hyd»oox1de (KENNEDY, J.Fay Nature, 261 242

|  f}1976) The adsorpt1on or d1rect tovalent 1inkage was used by DURAND G: et a1}:m
, lf:(Process B1ochemlstry, in press) and the cocrossl1nk1ng method was usedby ,
,”1mPETRE b. et al (Biotechnol B1oeng s 1977) An e1egant method ‘was recent]y

Ve




TA B E 11

!MMOBILIZED ENZYMES COMMERCIALLY AVALAIBLE FOR A LABORATORY USE

el e e R Funct1ona1 group
L s e AT = of polymer used .-
,ji M§trix:i',} S for 1mmobi1ization

mobmzed enzyme

’A1c0hol dehydrogenase ,33; fj'\ijCe11ulose, d1ethy1am1noethy1 ether ;7" Tkiaiiﬁyilchforidé_ ;
L (1 L1 ) i* ﬁ’_,:;}sv‘ﬁﬁxPolyacrylamlde, agarose E e P

ni”Glucose ox1dase "””jﬁfx‘rfi,‘L}Ce11u1ose, carboxymethyl ether l;  o >‘Acy1 az1de T e
v (1 1 3 4 ) S “[ W\Po1yacry1amide, diethylam1noethy1 ether.fTriazinyl chloride

“*f}PeroxidaSe ‘«§‘5?5375ff Zf'f;'fice11uTosep carboxymethyl ether ‘u{;gﬁ”‘Acy1 azide
(LiL.L7) Efﬁ&w,;;; ”7§f-ﬁd i B LA N

5Rib0nuc1ease A e CelluTose,»carboxymethy1 ether Coony ‘Acy1"ether

-(2.7,7.16) -‘Vs oo Polyacrylgmide ' - SR t

. ,‘»‘g--'ﬂ,-,ig;u~,' ~ o Maleic anhydrude and diviny1 ether s ;Anhydr1de

' 7 copolymer . oo - s ~
“'wSepharose Sy ¢Atff“>,.,~ ‘lif~-: 3 Im1docarbonate

?Alkaline phos hatase *:{Qf“f5}'iif“(
‘Gfﬂm¥13522v~fi‘“"yifn‘“v,*affj{! Ce11u1oseq3 (p-am1nophenox) 2- ” 3*ﬁ?jf*Dia2ohiu@"§” _:')'
" {3.2.81) o “hydroxypropyl: ether R T R e R

LT S A 'Ty:‘po1yacry1amide '

' ‘;3;m1dqgarbonate.~

B . .

kiﬂ&%ne;aﬁi?d?eﬁfi&asé,;gf7¥ggfI5Ce11ulose, diethy1am1noethy1 ether “% )>Xifiaiynf1:éﬁloridé’f‘ft‘ﬁ
A o o e TR R e S

rhoxypeptidase A ,f,;,;‘a ."Sepharose f;f“ij‘ © oo Imidocarbonate AP

? (3 4.2.1) o ';‘Q"}Agarose g9!l~i‘f;’ﬁ.5,-‘: S e |

T yp,;_s e ‘\,” o PolyaCry1am1de

R T T -,»;?Agarose “g 31' : B ,{ngr1aziny1 chloride
."Cellulose, carbOXymethyl ether o Acyl azide

. . copolymer .- R
o Maleic ai ydr1de and ethylene copolymer Anhydride,m R
: *Sepharos o P AlmidpcarbqnatEl B,

F e "771Qi,ﬁ?  3 ff Agar0se  f’. T T T 5f'°?Tr1aziny1 ch10r1de
R S Cellulose, carboxymethyl ather <o Acyl azide -

it Ciﬁf‘Sepharosa ST e s Teddagarbanate

*tf:Sepharose fy; g T “>Immidocarbonate L i

. Maleic anhydrlde and d1v1ny1 ether '“jhy*Anhydride f; }fikyfﬂf A

Maleic anhydr1de and ethy1ene copo1ymer Anhydride. ‘ 55¢—! 5
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“described (HﬂRISBERGER’M Y, Bnotechno'i Bioeng N 18 164/, 1976), in Wh'iCh
‘f~concanava11n A was specifically stud1ed for se]ecttve btnd1ng of yeast and 3
S bacteria by bieaff1nity AR Cal " R

e) METHOD FGR THE’ C’OIVTINUOUS USE’ OF ENZYME’S IN FLOW RE’ACTORS

: _ The wide var1ety of reactor geometr1es that have been treed 50 far -
using 1mmobilized enzymes, packed bed, fluidised bed C. S.T. R Immobttizat1on

”‘,;f1mmob11izat1en on. semipermeab]e membrenes, encapsu]etton in mtcro “size petymeric
, capsu]es, trepping in gels for use Ain electrodes and trappwng W1th1n ) \

- membrene-enCIQSed reactors are. some of the more popu1ar 1mmob1l1zat1on reector o

;”r,combinat1ons Let us descrtbe the different enzyme reector types A Tot of

4 :1~7ywork was done in- Europ in the- f1e1d, especially in The L111y~Dunn1ﬂ grodp
o n London (Methods in Enzymology, ;44 797, 1976) . g

'”i, 3atch Enzyme Reactors f».—*‘ T "‘%'4’V |

L Different types of reactors can be used for process sca]e operat1ons
i :with enzymes in their free or 1mmob111zed forms Based upon ‘the mode of G
‘ffeharging~d1scharging, enzyme reactors “may be. broad]y c]assif1ed as (1) batCh ‘

S oand (2) continuous~flow reactors The batch reactor is s1mp1e, needs 1ittle -
_ _supporting equipment and'istherefore very su1tab1e for small- scale exper1menta1
‘*‘:y~stud1es The use of free enzymes 1s genera11y restrlcted to a batch st1rred-
" tank. operetien In these cases, - the free enZyme is oharged 1nto the reactor
( eIeng with the substrate and: the reaction is carr1ed out to the deswred degree :
 A';'of convers1en Usua11y, no attempt is made to recover the ‘enzyme from the - :
“’"ﬁ,reection product since the cost of enzyme recovery is generally prohib1t1ve
e However, the enzyme is often 1nacttvated by therma1 or-other means.. Many
\ ) enzym1c reactions emp]oy1ng free enzymes or crude enzyme preparat1ons are carr1ed
Tr}f outin thws menner in the food. and beverage 1ndustr1es When 1mmob111zed enzymee
, _f‘,are used in 'Y betch reactor, ‘the 1mmob11azed preparat1on shou1d be separated
.:f,frem the product stream by a subseeﬂent step Recovery procedures, whether by
"7f11tratien or by ultracentr1fugat1en, are. 11ke1y to case apprecfable loss of
§ Vﬁenpeneive 1mmob1]ized enzyme Furthenmore, ‘the enzyme m1ght be 1nact1vated V
| e when subjeeted to such repeated recovery cyc1es Therefore, batch reactors e

on g]ass or pc]ymer beads wuth subsequent use in peckee beds or sttrred tenks, . o




. o
P
\\\\\

have 11m1ted potent1a1 in 1ndustr1al 1mmob111zed-enzyme ceta]ysis There ere
but a few reports on- the use of batch 1mmob1Tized-enZyme reactors in the

- ‘YT1terature 3 e g s LILLY et al (4th Ferrentation TechnoTogy Toda ~ n 379-
“381 1972) o I T e |

'-,.“ Packed Bed Reactors S

i The two me1n types of contkuous reeetion equmpmeht are the peeked
: bed reactor and the cont1nuous ~flow - st1rred tank reactor (CSTR) = A hybrid of

, i,,of these two types is: the fTu1d1zed bed reactor When the 1mmob17ized enzyme, 15
,L 1~1n the, form of spheres, ch1ps dTSkS, sheets, beads, or peTTets, it:can be
E p;‘cpacked readily 1nto a coTunn Most of the pub11shed supported-enzyme reactor :
e studies are on packed bed reactors Some representat1ve exampTes of such-

“reactor systems incTude enzymes attached to 1) porous glass beads (wEETALL
et al, BiotechnoT B1oeng , 16, 295 1974) ) beads of ion exchenge resins

'l‘.'(CHIBATA et aT 4th Fermentat1on Technology = Today p. 383 1972) 111) sheets
v of pTates of epzyme contadning poTymers (SAMPSON et aT Trans. Am. -Soc.’ Art1f ‘
~Intern. Organs. , 18, 54 1972) and A1), porous prote1c particTes (GELLF G. et r, S

T B1otechnol Bﬁoeng s 16 2395 1974)

-‘/

In a packed bed reactor, there is a steady movement of the S

f7:q substrate across a bed of 1mmob111zed enzyme in a chosen spatlai direction.‘

hif’lf the fTuid veTocity profﬁ]e is perfectTy flat over ‘the cross sect1on, ‘the o
icf reacton is said to operate as a pTug-fTow reactor PFR) under this ideal '
Mh conditwon In other words, the. fluid eTements are v1ZUaT1zed %0, move through '

_the reactor ina pTugT1ke fashion 0f course, in actual reactor systems the

[ ];f1u1d flow pattern tends to be d1fferent from thls 1dea11zed condltion
,*SeveraT other enzyme reactor conf1gurat1ons wh1ch may be approximated as

& \packed bed reactqrs, haVe been proposed e. g tubuTar reactors packed with
s f11ter,paper (KAY et. aT Nature 217 642) reactors packed w1th enzyme fibers
: ("D-INE,LL‘I o . Process B1ochem 7, 14 1972) I D R




it b

s »wln an*ideai CSTR the con%ents ef the reector are perfect1y m1xed
‘ Censequently, ail eTements of the. reactor have essent1el1y the same compos1t1on,. ‘
~and this is the same as “the composit1on of the outflow. Therefore, the reaction -
rate 1s determined by the composit1on of the exit stream. frem the reactor. hh13e
in a PFR the substrate concentrat1on is max1m1zed ‘with: respect to final conversion
at every point in the reactor, it is. m1nimized at every poxnt in e CSTR. Thus
ing CSTR the average react1on rete is’ 1ewer then it weu]d be in a tebular ‘
reactor On the other hand the open construct1on of the CSTR perm1ts ready
replacement of 1mmobil1zed enzyme cata]yst It also. fat111tates ‘easy contre1 N
“of temperature and,pH DENBIGH and PAGE (1954) ‘have. d1seussed the advantageous ,;
feetures of C$TRseand the1r app11cah1]1ty 1n s1mu]at1ng the behevier of '
bio!ogica1 systems, EHETI . T - P
?, Continuous-flow stxrred tenk reactors have been used for particulate
1mmobi1ized enzyme systems (0 NEIL et al, B1otechne1 B1oeng 5 13 319 1971)
CSTR systems require a means of rete1n1ng the supported enzyme partmcu1e ;
: within the reactor This may be achseved STmp1y by prov1d1ng a fi1ter at the
LA reactor outiet :

vv_,J;" CQhS' ggu§ F1ow st1rred-Tan5[U1traf11tration

- Membrane Reactors R L PR
CQntinuous processing WIth free enzymes in a/CSTR can be aceemp]ished

-~ by using an u]trafiltratwon membrane in: the process 100p The ultre%iTtrat1on v

membrene provides a semi permeab]e ”errmer a110w1ng the passage of product and

unreacted substrete wh1le reta1ningfthe h1gh-mo1ecu1ar~weight enzyme The

: technica! feasfb11ity of such a reaﬁtor system has been demonstreted for f 717

w eentinuous enzymic sacchar1ficat10n of - cel]ulose, for starch hydrolysis by

e*emyiase ane gTucoamylase, For- sucrose hydro1ys1s by 1nvertase for- enzymic

: to Gnaminopenlci11anic ac1d by pen1e1111n am1dase A comblned'system of CSTR and f’”‘
o uitrafittretien membrene can also be used with a. disperse so]ub1e<1mmob111zed o
N;f eneyme;(i4e.. by ettechang ‘the. enzyme to a soTub1e h1gh mo1ecu1ar-we1ght
"peiymer such asdextran) Hydrelysi'*ofycase1n by chymotryps1n (0' NEILL et a]
_Bieteeh' 1. Bioeng., 13 319 1971 starch hydro]ys1s\by u-amyIase (NYKES et al

se?ubilizetion of fish~prote1n concentrate, and: for conversion of benzylpenici1inpﬁ)i' =



o Bioch1m Btophys Acta ; 250 522 1971) RNA by R1bonuc1ease (NETZER et a]
‘ J Mo] Catal . 1n press) R SR Y : ‘

s

t'7f supported enzyme catalysis where V1SCOUS, part1cu1ate substrates are to be S
“f-i-handled F]u1d1zed4bed reactor systems w1th 1mmob111zed enzyme part1cu1es or h 1
‘/ch1ps have been repOrted for the hydro]ys1s of 1actose present in. cheese whey B
" {COUGHLIN et al, AIChE Annv. Meet., 66 -th, P. 173, 1973) starch hydrolysis
© ' (BARKER et al, Process B1ochem1stry, 6, 11, 1971) and g1ucose 1somer1zat1on
o !;(G@LDBERG M.S. Thesis, Dep. Chem. Biochem. Eng.,Rutgers Univ.). Enzymes -
- x covalent]y coup]ed to. magnet1c Ferr1te part1c1e5*can be eas11y mamntained 1n -
. the fluidized state magnetlcaﬂy (GELLF G. and BOUDR‘ANT Biochem B'iophys Acta,
| 334 487, 1974) P e ey, T |

e

1

CSTR/UF membrane reactors a1so provide the poss1b111ty of separat1ng

s a ?ow~mo1ecu1ar~we1ght product from a high~mo1ecular~we1ght substrate For : “J. K
' 5;1hstance§ g1ucose end ma?tose can be separated 1n th1s manner from starch or

cellulose.. "'c,,: SO e }_ R

RNV
'

. F%uad1zed Bed Reactors ‘ u*‘?“" L

--------------------- . e sy,__.

In a F1u1d1zed bed reactor, the substrate 1s passed upward through ;

”°‘f‘ithe 1mmob11ized enzyne bed at a. ve1oc1ty high enOugh to 11ft the part1c1es, .
E however the ve]oc1ty is not so high as'to sweep away the’ part1c1es from the B
| »;htreattor 1tse1f The fTu1d flow pattern provxdes a degree of mixing that fal]s
:;7somewhere between comp]ete backm1x1ng, as in a CSTR ‘and no backm1x1ng, asiina
"jPFR ‘In chemica] engineerino pract1se, a f1u1d1zed bed reactor is traditmoneﬂ?y
T of 1mportance ‘when' exce11ent heat and mass tranfer character1st1cs are. requ1red

In’ partwcu?ar, 1t e11m1netes loca1 hot spots with1n the reactor in h1gh1y -

l"*exotherm1c react1ons But most enzymﬂc reactaons are essentia11y 1sotherma1
o processes e, £ o :

\,,

F1u1dized bed reactors are’ 11ke1y to f1nd some app11catwon in Aj,,ar'g‘

I

‘- O
i

e f) soL rD PHASE. reprmr S}’IVTHE’STS

As our knowledge of enzyme structure and funct1on has 1ncreased

"v‘the 1dea of prepar1ng 1mproved cata1ystsfor in: v1tro use by MOd1fications of |
'5hl;known enzymes has rece1ved grow1ng support In add1t1on severa] reports have f -

-




»_»'4'61-;"'1

\,~

| described'signdfxcant enzyme activity from fragments of enzyme mo1ecu1es, y'.it_ S
suggest1ng that considerab1e enzyme cata]ytnc act1v1ty mjght be obte1nah!e; ,r;y”f,f“'
- from synthetica]ly prepared enzyme analogs (L.B. NINGARD and R.K. FINN, - FeRs
Chem Symp Ser., 62 30, 1971). And f1na1]y, now thet an enzyme hes been w;f N
syntheswzed chemaca]?y, one may specuTate on the relatmve economxcs of thefim*v
pnoduct1on and- purif1cat1on of. certa1n d1ff1cu1t to-obta1n enzymes ﬁt)m B
mxerobia1 p]ants or- anima1 sources versus eventue] laboratory synthesws
The method of so]id phase cynthesm of peptides was d@Vle@d by MERFEFIELD '1
'ix in 1963 and made 1nto an automatwc process w1th the he1p of STEWART and others
s (MERREFIELD, R: B. s J. Amer.,Chem Soc, , 85 2149 1963 - MERREFIELD, R. B
'h’i et al, Anal. Chem., 38 1905 1966) In.th1s process, .an amino acid is -
cova?ently'boundto a support potymer through the carboxy? end’ of the am1no o
“acid. Then a second am1no aC1d havmng 1¢s am1no group pnotected is coupled
“to the f1rst After remova] of the protect1nq addendum from the second am1no Vin
' aC1d, add1t1ona1 am1no»protected ree1dues can be- added hy fo]]owing the above
L sequence In this manner, the 124 am1no ac1d cha1n of r1bonuc1ease A was o
synthes1zed by MERRIFIELD S A e e R
with the method of so]1d ohase pept1de synthes1s we now have a
pract1ca1 method for prepar1nq mod1f1ed enzymes enzyme fragments, and enzyme ﬁv
analogs of known composzt1on From this should come a. rea11st1c eva1uat1on | .
of the practica11ty of the ideas ment1onned in. the beg1nn1ng of this sectlon 5\':1” o
"fw on solid phase pept1de synthes1s A1though th1s method of synthes1s hae been
: automated and commercTaT vers1ons of the equ1pment have been announred much
engwneering and econ0m1c evaluet1on needs to be- done before 3udg1ng the prac—~=
. t1cal1ty of th1s method as an a1ternate for the commerc1a1 productmon and

method has the advantage that the resu1t1ng enzyme cha1n is. already 1mmob1l1zed
a]though addzt1ona1 steps may . be needed to a1]ow the protein chalns to assume
the1r cata1ytica11y act1ve three d1mens1ona1 form and te ach1eve the needed ‘
degree of. pur1ty s TR RENI :

i

p”rif‘catiO" of -enzymes . In cases whare 1mmob111zed enzymes are wanted, th15 Q R







4 - 1 Ecanomlcal and Soeial Patentxalitles

The potentia]ities of enzyme techno]ogy for 1ndustr1a1 and medica]
app11cat1on are 1mportant and cou1d 1ead to tne promotion of a eomeﬁeteiy new
type of. chemical 1ndustry work1ng under moderate ‘conditions of pH, tempereture

'and pressure: to . produce from wastes or by~ products h1gh y1e1ds of comp]ex

chem1cals wh1ch do no produce new waste products d1sturb1nq the env1ronment
‘There is,y for 1nstance, definate pOSSTbiiity to transform some ]

e 'hxgh pressure and high- temperature techn1ques into b1ochem1ca1 processes that i
. »u.fcan be operated with a low energy consumpt1onoﬁtthe soema] po1nt of uxew}zyne y

'Vf.fm1ght -for 1nstance talk about the mndustrwa] use of . 1mmob111zed enzymes “to
'”;achieve stero1d transformat1ons suxtable for Tlarge- scale product1on of drugs

~’reduc1ng fert111ty, or one‘could descr1bed the app11cat1on of the same technique

”Vﬁ for chOpping off side- cha1ns of pen1c1111n and other ant1b1ot1cs as a fmrst ,
“step in the product1on of new semwsynthet1c drugs that certain]y have a globa? -
- impact. Or it wou]d be tempting to review the potent1a1 of enzyme engineer1ng

.J‘for syntheswzing phy51oloqical1y active polypeptides thet f1nd use in nusbendry":
" or med1C1ne -

V““

A number«of well- known eezymes have neyer beeome commercia?]y

-

”Afpract1ca1 for a variety of reasons, Many of the shortcom1ngs may be overcome

by 1mmob1l1zing the enzymes, and. thus. new sys»ems may become comnercialy:

'feas1b1e In other case the- 1mmob111zed enzymes may be superior to. the
”so1ub1e enzyme and thus replace the ex1st1ng'product Among the genera]

i princip1es which will be 1mportant are: the fo11ow1ng e
‘ L. Many we11 known eazymes are not. currently marketed beceu e they /

f Lo are too expens1ve to use. Immob111zat1on could aITow the. repeaﬁed |
[°l‘use of the same enzyme 4 and I ant1c1pate many -new. enzymes wi11
o be economucal]y feas1b1e due to- 1mmob1lizat1on and the 1nherent
S 'sav1ngs in enzyme cost ' S
~f;;1‘ ‘ Q,As a part of the cost o1cture one must also cons1der cap1te1 x
' &S 1nve5tment for the enzyme processes Immobe112ation lends 1tse1f
to continuous process1ng, thus requ1r1ng a minimum of space and

wia mlnimum of cap1ta1 outlay for equ1pment “This cou1d be 1mportant};lf”

: both for new systems a1d for the rep]acement of ex1st?ng batch '
RS 'oprocesses :




- In a few cases the res1due of the solub1e enzyme rema1n1ng in ‘
' the product may be cons1dened undeswrab]e ; for example, some

flfw1ne Droducers refuse o use pectxnase in whmte wine preductvem

. because they fee] the added.prote1n m1ght enhance browning This o
" has never ‘been fule estab11shed, but, the use of 1nso1ub1e enzymes

o would obyiate such a possmb111ty

~In ‘some react10ns it s h1gh1y des1rable to stop at a clear?y

hd_ildefimed end po1nt In hhe hatch process wmth so1ub]e enzymes this

\‘15 usua?%y accemp11shed by'1hectuvatmnn ef the enzyme wizh heat

",ff"or chem1ca1s Th1s is eat1sfactory in most cases, but the use of

_ ;1mmebi1lzed enzymes cou]d g1ve a more prec1se tontro] of the end
vn“po1nt where that 15 of extreme 1mp0rtance For examp1e, by enpﬁos1ngt

" the enzyme 1nswde a\c1eth or metal bag the react1on Could be - R

‘stopped immed1ate1y in a “tank. by the 31mp1e exped1ent of w1thdrawa1 R

;pr ‘the, bag. The use of such an enclosed enzyme system ‘also has o
;other advantages o .r‘ PARNER " \ -

C At fmrst gﬁance, one might th1nk 1nso1uble enzymes wou1d not be

B fﬂ suited to 1nselub?e substrates such as stbrch slurries, etc. s smnce

~ they would coat membranes or clog columns. In practice, the- »

“Zfinc1usion of the enzyme in & cloth or porous metal bag and *j“ .

. d'suspens1on of the bag in a react1on vessel wou1d a]]ow the enzyme
;,;‘to act on a s1urry The enzyme couﬁd eas11y be cleaned and reused
- after removal of the bag frdm the s]urry : '

"7QdMany batch appﬂicat1ons of enzyme ane 1mpract1ca1 because the substrate

: f}> of 1nso]uble enzymes f._“'"{f.\ﬁ“ﬁw

. s so d11ute that: excess1ve quant1t1es of enzyme are’ neQU1red with
lv;respect,te the amount of substrate present Th1s is part1cu1ar?y true
. ~in waste waters’ from 1 ndustr1e1 p1ants wh1ch may contain’ enzyme i
Tff‘degradab]e mater1als It is conce1vab1e that the use of insoluble f“'
' Afenzymes ‘on coarse wire gr1ds or membranes mJght make the freatment v
"of such waste econom1ca11y feas1b]e The entire f1e1d of waste
d1sposa1 offers many excitmu poss1b111ties for the appllcaf1on -

\ BER
\




"Ldeeut11izat1on of Industr1a1 Wastes e,
’¥> '1”’USe of Low«pr1ced Materials for Product1on ;
ﬂﬁi{ﬁ,wbecrease in Dependent on Petroleum 1n Chem1ca] Industry
)fjganore Eff1cient Use ‘of. Resources T RO
. More. Practwcal Use of So1ar Energy 1n Chemica] Industry et
'lf“Desrease of Water Consumpt1on in Chemica1 Industry - "1}7'7;f;i‘u’¥s'fsei .
- Replacement’ by Chemical Processes’ Producwnq no Po11utants o e
R ;quubst1tution of Enzyme Techno]ogy 1n Fermentat1on 1n Chemica] Industry

L Requlrement qf Fewer Un1t Processes
‘vi‘Extension of the wae of EQU1pment “ S e
“?fS1mp11f1catiqn of ﬂaintenance of Fac111t1es and Equ1pment

. = As w1l1 be seen 1n the d1scuss1on be!ow, many of the enzymes of
j*~5commerc1a1 1mportance are ut111zed in foods and pharmaceutica1s
N‘iﬂwq:Buth of. these areasare subJect to government regu1at10n, end a?ﬁ
~ﬁJ2»y;fenZymes so used- at present have been approved by the Federa1 Drug
y, ';Adm1n15trat1en. The 1mpact of 1nso1ubi11zat1on has some antesestwng
fefylpotent1a1 regu]atory 1mp11catiens I would not sresume ts predsst
, ;}L:,{fthe react1on of the apprepr1ate euther1t1es, but the Dosit1on teken
Lo Wil definwte1y play a s1gn1f1cant role. with’ respsct to’ the nature -
e lgof new csmmercsaT app11cat1sns snd the speed weth wh1ch they are
“3fffadoptad The use of ‘the 1nso1ub1112ed form could, at Teastin ©
BRE jr;theory, allow. the Hse. of enzymes CUrrently proh1b1ted in food ens Qi{’
i‘fkilfpharmaceut1ca1s, because of potent1a1 hazards Such hazards o ’
A;{fjpresumably wqu]d be- e11m1nated if the 1nsolub1e form were used emd
- the enzyme never entered the food or the humanbody. - -
‘?‘SeTect1on of food grade or nontoxic carr1ers and b1nd1ng systems s
| _,_'“ cou]d expedite approva] of 1nso1ub1e enzyme systems “for. msny regu?ated
'\\-'auses‘ e .

: ':,‘,‘ 4o ERY) gl Y’,. . St B

"'ét}jTHE SOCIAL IMPACTS Bv DEVELOPMENT oF ENZYME ENGINEERING NERE RECENTLY LISTED IN JABAN @

( PrHADA. report )-“*‘

i

Reiaxatiqn of . Restrict1ons on Locat1om of Chem1ca1 P?ants :'ié““dﬂ‘
Reduct1on of Labor sju;‘ns‘;, SEN ‘ PR




- Exploration ‘of New Food Resources ' -j?i;ﬁv:f"{ihfj ;;f"~:hf

‘-jProgness in Therepy for Genetic D1seases

Decrease in Labor ACC1dentg o ]i*.”}”‘ ;{;;v f"ffnjf"f~]f ;%? “.T/ne _,11; ) ,‘i
W ’5Deve¥epment of New Matehia1e and’ Prnducts,j‘ S A T
‘ eImprnvement of Oua11ty of Products e I

v*Reduct1on of Prices of @hemvca1 Phoducts , ¥
- Requvnement nf Industr1a1 Standard1eah1en for Enzyme
f”fDecnense 1n Impnhts ef Raw Meter1a1¢ ;\5"“g>" o ~
c j’Incneeee 1n Rnya?ty frem Bbroad’ by Advanhvng Enzyme Technn1ngy
(
‘“Cnntributwon to Pnact1ca1 Use of- Artwficia] Organs _ . g
;:;Development of Methods for Qu1ck and Exaet Measurement of Drug Effects

”’Ut1112at10n of Advanced Techninues in. Enzyme Technology in Med1ca1 Practice :

‘u_Decrease in Po]%ution in R1vens and’ Seas

4ljf‘Decrease in A1r Po})ut1on G " jjg@5% e .“;v'"
4 - 2 Industrlal potentialities s S \ :
Oveh the past few years as it is shown above, the 1mm0b11zzat10n of :
: enzymes has been the subgect of 1ncreased 1nterest and a number of papers on -j‘
7'potent1a1 app11cations of immob111zad enZymes have been publlshed Very o
‘recentTy papers on the 1mmob111zatlon nf mvcrob1a1 ce1ls for the purpose

| '.of 1ndustria1 app]ications also have been pub11shed However, pract1ca]

'1ndustr1a1 systems u51ng 1mmob11vzed enzymes and. 1mmob111zed m1crob1a1 ce]]s

"‘“have been vehy 11m1ted, ‘and ava11ab]e 1nformat1on on the detai1s nf those

‘1nduetr1al applvcat1nns has been extreme?y sparse ' “vr e :
In 1969. Tanabef%nyaku Co,Ltd succeeded in the 1ndustria1 app11cation |

‘fcf an immob11ized enzyme. 1 e., immoh111zed aminoacy1ase, for cont1nuous

| aproductwon ‘ of L-am1no ac1ds from aey] DL am1no ac1ds Th1s new procedure gave -

Ho ;satisfactory resu]ts and is said to be the f1rst 1ndustr1a1 app1ication of o v]%,

immob1lized enzymes in the world S1nce then they a1s0 have carr1ed out. the
C 1ndustr1al app11cat1on of 1mmob111zed m1crob1a] ce11s app}ylng them in the
continuous product1on of L- aspartwc ac1d from ammon1um fumarate us1nd
hvmmob111zed Escher1ch1a COTT of h1gher aspartase act1v1ty‘




An U S A. h}gh-fructose syrup form corn starch s a rap1d1y

' expand1ng bus1nese and the. cost of the transformatxon, us1ng 1mmob111zed

qucoamy]ase and g]ucose 1someraee 1n continueus reacters,k1s 0. 2@ %.of
the tota1 cost of the f1na1 product The cost is ten ‘times. 1ower then the .
batch process us1ng nat1ve enZymes ’ ” : .

. The above examp]es are of the 1ndustr1a1 impeet of immobilized: N
enzymes on 1ndustr1al processes Some epp11catwens are ready to be used 1n the
near future but some others need further fundamenta% reseerch before they
cen be used at the 1ndustr1a1 Tevel’, o ' ) ‘

: a) APPLIC’ATION:; ALHEADY GQING ON OR READY TO BE USE'D IIV THE‘ NE'AR FUTURE' )

- Sugar and sugar syrup manufactur1ng and sweetening by us1ng

| g]ucoamy]ase and glucose isomerase fructOse is prcduced from starch. ’ The' '

‘process is used on a 1arge sca]e in U. S A to replace sucrose.’ Numerous -
u. S. or Japanese as we11 as European patents and papers are dealing with

2 %/ the prob1em A 1ot of work on the top1c was done in feed compantes in U 5. A

and is not- published. o N o
”..- C1ar1f1cat10n of w1ne, beers and Fru1t jutces w1th pect1hase

and/or protease the nat1ve enzymes are a]ready used-at the 1ndustr1a1

1eve] but 1t is possible to: decrease the cost: by us1ng 1mmob111zed enzymes and
to. try to solve the regulat1on prob1ems w1th the cont1nuous process the "
enzyme 1s not 1n the beverage after the clar1f1cat1on and the possible .
tox1c1ty 1s reduced Th1s aspect 1s of interest for the Europeah cehtr1es
- Separat1on of L and B am1no ac1ds - ' :

‘ Ut111zation of L am1no acids for medicine and food has beeh
deve1oping rapidly in recent years For the 1ndUStr1a1 product%@n of L~
amwno aC1ds, fermentat1ve ahd chem1ca11y synthet1c methods are cons1dered ,'
to have a prom1s1ng future However, chem1ca11y synthes1zed am1n0 acids are
opt1ca1]y 1nact1ve racemic m1xtures of L- and D-isomers. To obtain L-amino -
ac1d from the chem1ca11y synthes1zed QL form, ept1ca1 reso]ut10n is necessary,:‘

*




. , Genereiiy, epttcal resetut1en ef racemtc am1no acids is: carr1ed

L out by physacechem1ca]; chem1ea1 enzymic, and b1o1eg1ca1 methods Among
\,'f”these metheds, the enzymic method usina mold am1neecy1ase (EC 3 5.1. 14)

one: of’ the mest advamtegeeus preceduress yie?damg eetaeatty puee Luemtee "

xac1ds The react1on cata?yzed by the enzyme 1s shown as fol]ows ;,';n— .

m.me HC@OH o L R»CHCU@H DR H@:@QH*"""
o wecop o acylase o nyegpr
acy] DL«emﬁme aeid ’3:ffﬁ ~am1%@ ac1d acy? D«emtn@ eead
.,5, . ks .'v B
"[, L '-- evft-/~~- <! racemi%at1en hrﬁ'fﬂﬁ f,;w. e

4“~. . . . ' \

o : A chemically syetheetzed acytuDL»amane ac1d 15 asymmetraeel?y
.‘hy@relyzed by emtneacylase to gtve a L amxno acid and, the” unhydroiyzed

“‘t; .ecy? D-amtne acié After beang concentrated, both products are. east?y
‘ “separated by the d1fference in the1r so1ub111t1es Acyl D-amino acid is .

3; eecemtzed and reueed for the res@lut1on procedure
e From 195& to 1989, this enzymic resoiut1on method was. employed
-?i by Tennebe Sevyeku Co Ltd 5 for the industria? pVOGUCtaon of severa? t«

';:_amino acmds The enzyme reattton was carried out batchW1se by incubattng

Ca maxtUre contazning suestrate and selub1e enzyme However, this procedure

L had some d1sadvantages for 1ndustria1 use. For 1nstance, 1n order to 1solate

a L»am1no acid from the enzyme react1on mixture, 1t was necessary to remove

3 Egenzyme prote1n by pH and/or heat treatments If enzyme act1v1ty remeaned

. there resulted an. uneconom1ca1 use of the enzyme In, addition, as a e
 [”a@emp¥1cated puriftcatten procedure was necessary for remeva1 of centeminattng ‘
"ei”ﬁpreteins and ce]ermng meter1a]s the yweld of L- amino ecids ;was Towered. Also

R - tauch- labor was necessary for batch epeeat1on To overcome these disadvantages.

Eﬁthe cont1nuous opt1ca1 re501ut1on of DL-amino acids usang a co]emn packed :
;;swath ammobi11zed am1noecy?ase was extensive]y studted and- used Thus, “the 17“

"[cest of the enzyme was marked]y reduced frqm that of the $o1uble enzyme. In
the case of the 1mmob111zed\enzyme, theeprogese,wasAautematacaITy contro}}ed ‘




It 1s of 1nterest to compare the re1at1ve cost for production of L am1no
acids (CHIBATA et a] Popl Buochem B1aenn ;, 329) fﬂ_‘t',‘vf
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~,[if Therefore, the 1abor cost was also dramatica11y reduced The overa11 %
operat1ng cost of the 1mmob111zed enzyme prgcggs was about 60 % of that | e
“of the cunvehtlonal batch process using the solub1e enzyme R D

C 4,- New cheese manufactur1ng orocesses us1ng immob111zed rennin The Lo

: cost of rennin 1s 1ncreasing and it is of 1nterest to use the enzyme on an
S 1nsolub1e form -in‘order to reuse several times: the same preparati@m ; ‘f‘W 

T ' ‘- Stab111zat1on of foods and beverages. PR o
Recy clage of cellulose and other bwpo?ymers (cen uluse,:

pA

':ff r1bonuc1ea5e) ':ﬁfﬁf;'v‘«;y,_ § 31,,.~ t

_ u.,-“;b) APPIICATIUNS NEFDING FURTHEB FUNDAMENTAL RESEARCH BEFORE USE
AQ" ?%H? Jﬂﬂ?USﬂ?ﬁLdL IH?VEL : : j -(, XN o e
The prob1ems to so]ve are ma1n1y the cofactor regeneraticn 1n erder i,
, to create short multienzyme systems a]low1ng a product1on of- sophlsticated L 'j
[ mo1ecu1e with a high added value. In my op1n1on the European Programm of R
‘f RESearch must be oriented 1n th1s way -2




L7iyshown below as ‘Equation I

1
1
l‘:

- e .

"‘, synthese and/or mod1f1cation of antib1ot1cs, sterons, vitaminsgf

'-"organ1c acids and: s0-0n. . In order to 111ustrate th1s point 1t is possib?e to o o

Aif ;present the M.I. T project fa % e o . .
~V.5The exp?oratnon of the Capab111t1es of enzymes in carry1ng out reactions :

invoived in tho syothesis of products has weceaved far less. attentvon than "

,fithose onzymatic roact1ons 1nvolved'in s1mp1e degradations or transformatwons,
Ry MIT an 1nt@od1C1p11nary team h&s Fooused on the total &nzymatnc synth@s%s .
’”i¢f;of a cyclic decap@pt1do ant1b1ot1c gvamvcidin S(GS) 51m11ar to most: synﬁhe%15‘fg
"'b1o1ogica1 reactions energy-r1ch compounds are requ1red for the productlon L
. of this. antib1ot1c Therefore, an equally fmportant segment of the research - |

programm is. 1nvo]ved in. the enzymatic regenerat1on of the cofactor aden051ne ‘

~f9ffftr1phosphate (ATP) From adenos1n monOphosphate (AMP) At MIT; the interdisci—
| “plinary team is purs1ng a}l of the segments 1n enzyme technology which are
",v1ta1 in assurﬁng the success of ‘the overall programm The d1fferent areas
,‘which have been under extens1ve 1nvest1gat1on 1nc1ude m1crobiolog1ca1 -and
”?@og1neer1ng aspects of enzyme product1on enzyme 1so1ation and purif1cation$’
: enzyme kinetwcs and reactor design H enzyme stab111zat1on and 1mmob1112ation

The enzymatic react1on 1eading to the formation of gramicidin S is }]

\42 1euc1ne S
e pheny]alan1ne A+ 10 ATP 1 1 GS +, 10 AMP + 10 PP1 ; ]",‘oﬂ(l),
i?;j 2 ornlthine lf i»i[ ; f7EIrf‘;V*:?" IS R
| 2valine '-*~\1¢;£:_;_‘,;a S

':’fffTwo 1ntrace11u1ar enzyme fract1ons (E1 and Ell ) from the bacterxum Bacil]usk
’brev1, are responsab1e for cata]yzing the. ?ormat1on of qram1c1din S from the
;olo const1tuent amino acids. As can be ‘seen- from equation (1). 10 mo]es of
”“?ATP are sto1ch10metr1¢a11y required for each mo1e of gramicidin S produced
| _71,Therefore, to achieve our second majd? object1ve,;a workable cofactor
;“ﬁ{;erQeneratlon system must be deve]oped They werechosen two approaches to the _
,y‘(?;fgenerat1on of ATP from AMP., The f1rst scheme 1s shown below in Equat1ons (2) .
"';§¢(3) and (4) n.ixfi;;f L e R




MTmpz -

"f 'fIn th1s approach fwo enzymes, adeay?ate kmnase (ﬁdk) and acesat@
vﬂf}anase (Ack) , -have been 3ud1c1oﬁ y “1ected whlch we. believe haVé
f;ijjthe highest merit for the regenera 10,s,.~
! ”f“donor in- these react1ons 1n a simp1" and," potent1a11y, economical]y cheap
T?if_fchemical acety} phosphate, (AcP). Ar @Tternat1ve method has. also been -
f*, ; ,rwh1ch ut11izesi1 ght as the energy source and inorgan1c
‘H,stfphosphate as’ the donor of phosphate t,;obta1n the h1gh-energy combound
: 'if;{ATP This approach employs bacter1a1 chromatophores from a photosynthet1c
,bacterwum,‘~Rhod”fpiri11um rubrmm, cata1yze the f@110w1ng reactinn

‘mwhromatophores

“ﬁfi~the potentia?s of us1ng enzymes to carry:out the synthes1s of useful, ‘
; fgrabio1og1ca11y activs substances Specifica11y, the research has shown that
‘ 'ii1t is' poss1b1e thruugh enzym1c <ynthes1s\to produce polypept1de aht1b1otics
‘]*“f,fwhich are rout1neiy used as growth factors Jin’ an1ma1 nutr1t1on and u1timate1y

'~,j,1ead to the reduction of feed gra1n consumptlon The succgss n eﬂzymat1c ,ST?J
J:4"regenerat1en of the cofactor ATP p1ayed a major role 1n demonstrating th1s

e ftechn1que and 1ts overal] feas1b111ty In add1t1on, ccfactor regenerat1on
’ ﬂ']'fip1ays an” 1mpartant ro1e 4n many nther react1ons in organ1c syntheses It 15
N Sy 0pin10n that p1oneer1nn research of fhis type will one day place enzyme
' ;1ffftechho ogy 1n degree of 1mportanre‘s lar to’ that of chem1ca1 technoloqy :

S < modification of. petro"he icals e. g h1gher fatty a1coho]s) ‘

| f’;and hetarocyc11c compounds DR B E

el ”“_ synthes1s and/o—imodﬁf1catxon of'f1avors and fragrances
,- rem0va1 of pestic1de res1dues from foad and water*supp]ies




. ammonma which are near]y equal to the - manufactur1ng costs w1]1 also rise

. . -cont1nuous malt1ng fffgfiﬁ B o "‘if“ o '.1-' "_
~-n1trogen f1xat1on with 1mmob11tzed cel!s Q.- Vinelandz) tOr mnstance,,'_x‘

w1th an expand1no populat1on and 1ndustr1a1 product1on man is faced wath
growing . problems of energy resourcesg food product1on and ‘waste recyc11ng
"The use of bmolog1caT processes. invo]vmng e1ther whole cells or enzymes o
has the potentTaT to contrTbute to. soYut1ons to these problems in a :

 number of ‘ways genera?ly xnvolvvng the ut111zat1on of renewab]e rather

‘than non- rooewoo?e resources In porttcular we are goncerned wvth the

"“~productlon of fert111zer ammon1a “The. commerC1a1 Haber Process eff1c1ent1y

' produces ommonxa from N2 and H2 However, the cost of the ammon1a is
\dlrectly re]ated to H2 costs and, consequently, to the r1s1ng costs of
natural gas or other fossil fueBs Further, the d1str1but1on costs: of

.vw1th 1ncreasing fuel costs Such a s1tuat1on can ‘have a very deleter1ous
4feffect upon world agr1cultural production whxch has grown neariy in -

. proport1on to the app11cat1on of fert1llzer n1trogén app11cat1on The ;”
‘.consept of @ng%neering b1o!og1cat f1xat1on processes wh1ch operate ona
:“10ca1 ?evet has thé potent1al to ma1nta1n fert1lizer ammonia supplies
- at reasonabIe costs by ut111z1nq elther photosynthesis or agr1cu1tura?

,waste products as energy sources. .- .'. G :

' B1o1og1ca1 n1trogen f1xat10n wh1ch 1s carr1ed out by certain '

free 11v1ng or symb1ot1c anaerobic aerob1c and photosynthet1c bacteria

A ”‘and aIQae accounts for: we11 over 50 per cent of all fixed nitrogen Hence, ‘

' there are a 7 number'of potent1a] organ1sms and systems to be" 1nvest1gatéd S

- for the1r usefu1ness to f1xed dtrogen product1on We are concerned wvth

'5j~wthe deve!opment of techno]ogy*for us1ng 1mmobil1zed tells for n1trogen

t f;f1xat1on for compar1son to moré convent1ona1 fermentat1on schemes In
s order for such systems to become. feas1ble, a number of- 51gn1ftcant
"*_:problems must be solved. One of. these is the deveiepme“t of ge"@t15311y

- de- repvessed mutants that w1§1 QXCrete ]arge quant1t1es of. NH4 into the '
'med1um A second problem is the development 6f suitable methods of immo-
. b11izat1on of nitrogen- f1x1ng organ1sms and proper design of whole cel1
ts_ roactOrs that W1ll allow maximum n1trogen f1xat1on for extended per1ods f
_ir3of t1me Th1rd1y, the biolog1ca1 f1xation of n1trogen requ1res 1arge ‘
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A yih;'quant1t1es of chem1cal energy derived from appropr1ate carbohydrates
fﬁyfs'}ﬁfﬂyii:“The ratio of NH," produced per carbohydrate used is about .1t 40 on .
A el ‘_ ‘a- weight ba51s Consequently. for b1ologﬁca1*f1xat1on to be’ an economte 1
;'T7ﬁprocess a cheap carbon source must be avatlable The hydroTysis of waste
,frnce11u1osic mater1a1s to. sugars may be an attraot1ve 'source in that -
o J'& celIu]ose is. a renewab1e resource and a so11d waste d1sposa1 prob1em
J'rﬁf?can 51mu1taneous1y be m1t1gated The use of photosynthet1c organtsms :
;’;;is another po&ential so1ut1on to energy suppl1es for bio]ogical fixat1on
| »Jf%HmeW£m@§mﬁ L G e
- ; It seems rea115t1c to th1nk that hydrogen cou1d be produced by
“ *';ibs1ng 1mmobi]ized ch1orop1asts assoc1ated to bacteria hydrogenase Th1s l)“f e
o ff'yp01nt is already supported by the energy programme of the EUrOpean [v”‘xfj»~1’[H;;!’
”"f'7‘Commun1ﬁy.,,_ ,} ST R SR R
i xm.&iz-@i§1tfe9§199-9f-2étbqgeo§_19-61r_and-ﬂéter
‘ _ A1r and water—borne pathogens are responstble for.a wide variety <
fl:of 111nesses ranging from 1nf1uenza to po110, heoatttis and other dtseeees e
h{rthat are. transm1tted by contam1nated water. From 1mmobi11zed enzymes the 2]1«1_}7
- development of new methods for the. d151nfect1on of atr\and water s
R h‘possib1e These techn1ques, ut111zing e1ther enzymes or e1ectrodes, are | R
<7 -bdsed upon the concept of | br1nging 1nfect1ous agents Tntq contact w1th (f’i7ﬁ‘glf]gy7
Lo ‘FVa surface that is: destruct1ve to them s’]vi.~' o e ,i“f.vt ‘;ﬁf‘" S

.- ( .

= 4 - 3 Analytlcal potentialitles L‘ffdtef‘5‘~;?5yé"?

a) ENZYMES ELECTRODES ~ 't SR
5 i Perhaps the most 1nterest1nglapp11cat1on of the enzyme membrane?{,; “V}. :
“f'has been xts 1ntroduct1on as the active element of an- e1ectrochemica1 f.f}~du”‘j;ti
‘ﬂ]fprobe or sensor. Such_ enzyme e1ectrodeS“ possess the ‘mp°"ta"t enzyme S

% characterist1cs of spec1f1c1ty and sens1t1V1ty, and are generally i
' p.adaptab]e for continuous measurements They. COﬂStitute eﬂt1PE]¥ new tOG‘SJaZWQ”?'
"0 din the armanentarium of the anelyt1ca1 ‘chemist, with unique advantages. ynﬁsdﬂf“ixff*fﬁ
;'”;fFor example, in the analysis of organ1c b100d compOnents this method -~ ‘

) ,f‘},Prom1ses to be much more . conven1ent ‘than the spectrﬂphotomet"c math°d5 used g
. at present. Many of the latter have ytilized enzymatic reactions (in free "i"
lkhtoa o]ut1on) begause of the1r spec 1c1ty The Opt1ca1 procedures in most S
LEE .f;;cases require either the orec1p1t5t‘°“ of, or dialysis out of, prOte1ns B
"“7:;/{}:”]and particulate materia!, and d11ut1on of the resu1t1ng so!ut1on )‘fgr
L B ' A‘ ,!‘/ ':
. : g - ‘




\‘ant1b10t1cs

i

1before measurement In contrast, electrochem1ca1 mon1t0r1ng by means

. of enzyme electr@das can, in pr1n¢1p1e, be carr1ed out. ‘on- whoie b?ood
or other bio?og1cal med1a “thus el}mwnat1ng preparation. of the- sample »

" The use of an enzyme as' a funct1ona1 element. of an e]ectrochemmca] devnce
'was f1rst reported by CLARK and LYONS (Ann., N. Y 102 29, 1962) The
'*ear?mest eiectrode 1ncnrporat1ng an 1mmob1112ed enzyme membrane, however,\,
.nwas descr1bed by Updmke and H1cks (Nature, 214 986, 1967]5

A &Dparatus based on a glucose electrode is a]re@dy @@mm@rc1al1zed
by the COmpany Ve?]ow Spr1ng and another one- 15 ready to be commercialized
by a French Company I S A Glucose electrode 1s a?so used for prnduc1ng

' 'art1f1c1a1 pancreas vt“

‘ The exﬁst1ng enzyme e]ectrode are g1ven Tab1e III It would be
1nteresting to produced spec1f1o e1ectrodes for hormones, transm?tters,

Enzyme electr@des are not,only usefu] 1n c]in1ca1 bwnchem1stry 1

i ';_by also as sensors for the on |1ne contro] of an 1ndustr1a1 process A f

EnctQS@ e!ectr@de can be used fcr controi]%ng a product1on of blnmass o

 from whey a decarboxyiase e1ectrode for monatoring the product1on of”an |

am1n0 c1d 1n a chem1ca1 0r fermentation processes

ENZYME MEMBRANE ELECTRODES (After THOMAS and CAPLAN Membrane Separatlon

Processes Elsevuer)

B £nzymesiand.substratesrklg;_q M@de of 1mmob111zat1on Methods used and

product monitored

S r Gﬁucose ox%dasr ‘;,fn

Giucose © . gel entrapment - - Polarograph1c method
. e e g T E by mon%toring p02

 Glucose in blood - Gel entrapment . i'po1ar0graph1c nethod

EEEE T R f"fg‘5;f E o by mon1tor1ng p02 a

Glucose in blood = Entrapment’ih’ce11uiosea} polarographic method .
ST e ey Acetate membrane T by monitor1ng D02

'"¢<,G1ucdse I f !}“ri‘”ir.Direct cova]ent b1nd1ng, ‘;polgrograph1quethod :

I L - on po1yacry1am1de ,”j " by‘monitoring‘Hzoz
Glucose ;Entranment in a porous ~ polarographic method -
SRR o ]ayer ! {«.s;~~. _w_“‘ by monitoring hydro-

- | Y .“‘5”;* -1_ o _ qu1none L
vGiucosgn ﬂf \‘_n ;ni ’ffé‘eei?évﬁfahnént)il’t‘“l Constant current vol- f

, tammetry




Alcohol .' ?f:f?i f
Lactate dehydrogenase

‘nytochrome bz

Urea in blood'andJ“

Urea 1n biolog1ca1
f1uids »

L A

Urea 1h bxo}og1ca1
f1u$ds .

- specxfit)

Dwamino acid i o

\\. e

f* G]utam1nase
;riG1utam1ne

/,w

b a-.;....;;w.sji hfe? o

o lase

?;FélPhenyla1anine

A1oohol OX1doreductase

»;::tfi Entvapment in a polyacryla-
“*;*;,m1de gel e ”

ur1ne SR ;f*

s L~am1no actd oxidase" {

~L-amino aaid (non-'f o
D-amino acid nx1dase

Sg{fﬁEntvapment 1n a;
"ﬂ_m1de geT R

: F?T§ﬁ§§iﬁ§faegéébquiAQéy;;*‘lfg;n;g;:?av‘r

‘Entrapment in a paper B
E ;‘-membrane ERRES

‘<~!Entrapment 1n a porous

3 oL .
P TS R
At el

o

~,7Entrapment in~a po]yacryla~
‘mide: gel' f;h

1“{}?;Entrapment :n a polyacry]a-

’;bﬁoédrgsgiinkinépfgyiqu‘.??

I R

7fEntrapment in a polyacryla-
ﬁ(%:m1de ge]

’, e Tk

‘;yﬁPheny1a1anine decarboxy-ﬂ1f“fﬁff'a

.~,

P ealnoga e B T
- . Cyanide-responsive .~ ' |
. membrane electrode .. - -

polyacrylaf

M0n1toring N“4*b ‘a e
spec1f1c 1on euectrode wv>‘:°\

._xe1ectr0de »

Sl s

e1ectrode

‘Monitéésng coz'by a pCDz e

Po]arograoh1c method by
mon1tor1ng H202 ,»,x,.,,,wr

tfﬁ R

Po]arograph1c method by
mon1tor1ng ferr%uyanide

Ar1 E
B

e e

Mon1toring NH

by a ‘Qiff:
spec1f1c 1on L

électrode T
Mon1tor1ng NH4 by a

specific ion eTectrode
Mon1tor1ng NH4 by a b
specific. 1on m@mbrane LA
e1ectrode ff, ',1 ,f e
Mon1t@r1ng NHZ

specif:c 1on

é?ectrode

Mon1tor1ng NH4 by a ;,F%“*'ﬂ
specific ion e]ectrode

by a

Mon1toring NH4
e]ectrode

specifie ion

Mon1tor1ng COZ by a pCOz

Mon1torimg 002 ﬁy a pCOz

e]ectrode “




‘i app?ication

b) OTHE'R ANAL.YTICAL APPLICATIONS

‘ () Enzymatwa anaZyo16 Enzyme membranes may be u&ed to rep@ace
so]ubYe enzymes in v1rtua11y all enzymat1c analyses The membranes are

 'conven1ent and cheap Because the enzymes are in’ the so11d phase they may _f

‘:ibe ‘readily separated from the eact10n1m1xture ahd reused while samp]e i
,'c@nfamiﬁatman by @nzymes is e?im1natéd ‘ o ‘
‘ (Lt) AutaanaZySts Contwnuaus enzyme reuse may. a150 be ach1eved -
. in rout1n@ work wmth an aut@anaﬂyger Th?S 1n5trument qenewally incorporates
& passmve m@mbrane f@r the purpose of. dia?ys1ng out prote1ns and partacu?ate
':mater1a1‘ The pass1ve membrane may read11y be rep?aced by an actlve

"F\membrane thus comb1n1ng the operations of react1on and separat1on Ihe _

- _high stab111ty of the enzyme in the membrane strong?y favours this

(zzt) Dtagnostzc papers D1agnost1c papers for g1ucose, amino |
acid, a1@@h@19 and urea in b]ood Qr'urnne can -be prepared by>graftang

| ~'enzymes on f11ter paper 1mpregnated with appropr1ate 1nd1cators Such

: papers are already avax?able cammercially for urea. and g]ucose

e ,’» §e

4-—4 Medlcal potentialitles  ,7"‘
- Artificial.organs.

- (7.) Artszwl kﬂdneys CHANG and MALAVE (T.A.S.A.I.O. N 16 141
: 1970) descrubed the deve1opment and the f1rst c11n1ca1 ‘tests of a compact

 ' Kart1f1c1a1 k1dney based on sem1permeab1e m1crocapsules C1ass1ca11y the

c11n1ca1 use of the art1f1c1a1 k1dney depends on the pr1nc1p1e of hemodla-

35;Eys1s This wnvo1ves ‘the d1a1ysxs of permeant b]ood metabolites and their

”nemova1 by a large vo]ume of d1a1ysate fluid, an expens1ve and 1nconven1ent

|  ;’process Adsorbents such as act1vated charcoal can remove. most urem1c waste
- metabolites or tox1ns, but not urea. " CHANG found that urease-loaded

:';m1cr0capsu1@s in an extracorpovea1 shunt system acted effic1ent1y to Tower

. the system1c urea level. It was further shown that a comblnation af urease
rand ammonia adsorbents offers a feasab]e method for the remova] of system1c
rea, at least in animals. " : |

, Synthet1c enzyme membranes cou1d, in pr1nc1p1e, be 1ncorporated 1nto
: an effic1ent art1f1c1a1 k1dney w1th much Tess severe diffusion Iimitat1ans than
:. those of m1crocapsu1es Us1ng the new hol1ow fibre technoYogy such un1ts ’:"

should be extremeiy campact




e - E
: Sy ~'

o (zz) Membrane oxygenators Membrane bxygenators are notormous]y
R subJect to severe des1gn constra1nts In partncu1ar the neceSs1by for

icumbersome deV1ces,‘BROUN et a1 (T A S 1.0., 17 341 1971) descr1bed e
" the use of prote1c and enzymat1c membranes or coat1ngs in: oxygenator -!1 “fyl
AT ‘ g‘technology The 1ntroduct1on of. these procedures c0ntr1buted to the B
i e 33”‘_5',,s01ut1on of prob]ems such-as’ aTterat1on of b?ood const1tuents by contact
b v‘,;i?'"77_43w1th the membrane, denaturation of p1asma protezns ‘and actlvatmon of the
T "Tiﬂ coagulation. factors The membrenes or coatings were~prepared*by the co- -
'"Lcrossl1nk1ng method using var1ous prote1ns such as a]bum1n hemoglob1n,r‘ N
°»1ysozyme, or. fibr1nogen as supports Incorporation of appropr1ate enzymes
o 1n the membrane a]lows fac111tated gas exchange, and : consequently a
ij: reduction in membrane area Grafted carbon1c anhydrase permwts fastep ' "(
%e'ubfextraction of the carbonic anhydride BROUN et al. also raised the o
- ,jfpossib111ty of a new type of oxygenator based on an hydroph111c cetelese '
'lmembrane, u51ng concentrated hydroqen perox1de so1ut1on as an oxygen dnnor
‘Such an oxygenator may we11~exh1b1t 1mprbved performance 1n comparison
o w1th devices ut111zing s1mple trans-membrane diffus1bn f , o
U (ite) Shunt systems. AS. mentionned dbove, “CHANG described an | ,.
; ‘extracorporealshunt conta1ning microencapsu]ated enzyme Si11mar shunts
‘ f;should be ree11zab1e w1th enzyme membranes, in part1cu1ar for the :
; _'Jtreatment of hered1tary enzyme defects (e g. phenylketenuria End acata1asem1a),
‘11 _certa1n cancers (e. g 1eukemia w1th L-asparag1nase), and gout (wmth ur1case)
Sy -;,—/Treatment of diseases & L e
g S A lot of work dea1s WIth the potent1a11t1es of enzymetherepy
:"}yfjj:f,e’f.ﬁfor severa1 diseasee, such as gbut or 1eukem1e, and. for hereditary. enzyme
o defects,,such as’ phenylketonur1a and acataTasem1a The therapeut1c effects
,af the inJectxons of enzymes. faee strong 11mitat1ons. maan]y the short 1n
‘rv1vo life of the 1njected molecu1es and secondary effects resuTtwng from fq L
'1mmunolog1ca1 reatt1on : i ' .

\
R

* adequate gas exchange rates reeu1tes 1n 1arge membrane areas and exceedang1y S |




i TJSeveral authoms have trmed the wse nf encapsuleted‘or'1nsoiubmﬁnzed
"l‘enzymes to evercome these drawbacks The use of these 1nsolub111zed

“‘ﬂsenzymes can overcome the. aforesaid, difficu1t1es by protect1ng the enzyme

h‘ﬂ from rapwd proteo?ysms and/oh denaturation and by h1d1ng 1ts ant1gen1c '

- «"‘smtes Enzyme membranes are pecu11arly suited for use as 1ntraperitonea1
ff,iiffand subcutaneous prostheses As 1n the case of microcapsules, enzymes bound
s ei,wwth1n appr@prﬁaﬁe membmanes cannot glve rwse to an 1mmunolog1ca] reactemn
5,1’Th1s opens the deor to medical app11cat10ns of enzymes which were previous]y
 tf<;deemed 1mpossible. The eff1c1ency of such 1nterna10r08theses was. demons- * '
‘7‘trated by CHANG using m1crocapsu1es conta1n1ng L= asparag1nase H1s results -
. show that the microencapsulated enzyme 1s much more effect1ve than the free
_h;f,enzyme in suppress1ng “the growth of 1mplanted mouse lymphosarcoma v
feQ‘wEnzyme membranes used 1n th1s way may a1so prov1de useful methods for
"i replac1ng def1cient enzymes 1n cases of 1nborn errors of metabol1sm, CHANG

_/“h nd POZNANSKY showed that it 15 poss1b1e to use sem1permeab1e microcapsules g;
\.ﬁ,contamnwmg catalase for enzyme replacement 1n acatalasemic m1ce (Nature, A
"218 23, 1968). ‘ | e RCLR

B vfj_ b1ochemica] fuel ce]ls _;ignergy souces for art1f1c1al Organs”:ig
. ~{~and pacemakers L -_“‘_'w o) it
.~ prevention of clot f°‘”’“"‘°“ a"d *"c'“ease of biocompahbfhty;f n

'}E;Nmof prostheses’by grafting enzymes (e g ADPase)




R . InfOrmatdons are given for each member-state The state ef research
“1,;,; s deSCribed as well as the 1ndustr1alzaspects The 1nformat1ons dealing wvth '
':"f, the industry 1nc1ude on1y pub11c or pub]:shed data - L

The chapter was estab11shed wtth th@ help of sc1entxsts 1nvo]ved
1n the f1e1d in each country Eurepean 1aboretor1es have heen workwng for some
tzme in the field.of -enzyme. techneiogy Ih wnwverswtﬁes, Pr MANECKE in Germany,
Pr LILLY 1n Great Britain the Comp1égne group for mstanceg started to work
in the f1e1d more thqh ten years ago. In 1ndustry, NOVD in Dehmark and- SNAM

;ﬂperwod the number of researchers 1nvolved in enzyme technology in the member
A j»,states has increased.and i lot of workihasbbeen done A 11st of European papers
s ~and patents are given as append1Ces in he

5 .,1 Bene1ux (Be1g1um~Hel1ahd~Luxembourgl

B The ccmpeny G1st Brocadasn v (Delft) is ‘one. cf the ma1n companies

: active in the fae?d Of‘enzyme prodectwon and use.;ln DehtandBrugge research
v on’ mvcrobial product1on of yeast, alcohol “and. enzymeSOare performed by the *{
company Some compan1es are using m1crob1olog1ca1-enzyme convers1ons L

E research and mitrob1a1 production of yeast and alcoho1 (Bruggeman, Ghent)

Progettw in Italy fqr 1nstance,were p1enn1ers in the field. Dur1ng the latest . »1h;~‘*f

.;izentreport T R -

.~ research ‘and microbia1 product1on of citric acid (La citrique Be]ge, Tir1emont¥l; ff;f;

’”ﬁ”;%fﬁf’«-research and mitrobia] product1om of g1ucose-fructose mixtures (Amy1on, Alost) Qhe”;f'j

'ffgf,dea11ng w1th 1mmebilized enzymes The program takes place 1n the frame work of
- long term potent1alit1es f‘\j;y; ,, *M‘;, v.L - t;eu\ju ;;jgige;;y\;‘_wr

“afAtethe un1ver31ty several groups are active 1n the f1e1d of enzyme techno1ogy.

Pf-”uff;fz by entrapment 15 years ago to promote  histochemical -models.

r “4

& big chemical cempany (Solvay) 1s promet1ng a program of research and deve?opment'}f B

The group of Pr Van Djuin (University of Leiden) has 'immobihzed enzymes in fﬂms S

};: The Laboratory of Industr1a1 FEhmentat1on at the Un1versity of Ghent has performedi?:;S |




research on m1crob1a1 enzyme production 1nc1ud1ng p11ot scale fermentat1ons

“‘”,1} with computer coupting The Laborator1es of Enzymo?ogy (Pr’ Goffeeu) enm

Voot

"on glass beads and by entrapment in fs?ms

of phySaco chem1stry of SUrfaces (Pr Rouxhet) at the Un1ver51ty of Louva1n
are start1ng of program dealing w1th'the 1mmob111zat1on of yeast by adsorpt1on
In Gemb1oux,‘the group of Pr s
Thonert is especie]1y 1nvo1ved 1n the immobilization of enzymes on soluble
supports (B ga1actos1dase. rennin and other proteo1yt1c enzymes) and - themr
applications. A program of research for.. produrtaon of speeﬁfic emzymes )
(Thermeresxstent 3 ga?act051dase, ce??u!sse) was recentiy 1n1t1ated

5 - 2 Denmark Binel UL | ‘

o The actlvity in’ enzyme techno]ogy is ma1n1y done by the Novo f |
Compsny, one oF ‘the ma1n compan1es 1n qhe wor]d for _enzyme. product1on The
company has patented alotcf process and pub11shed numerous data 1n the f1e1d :
The company ‘is not oniy act1ve in the enzyme productson, but also din enzyme 1xlf
immob1]1zation and enzyme proceSses Novo. ‘took an 1mportant part in the o
deyeﬁopment of. the 1ndustr1a1 use of g1ucose-1somerase s ‘

TheCaridsberg 1aborator1es are act1ve 1n research in enzymology

and pub11shed data on the chem1ca] mod1f1cat1on of enzyme 1nc1udjng,crossfp ;
11nk1ng of proteins w1th b1funct1onal agents :ggysi‘ : _fh "4?7:f' o
- The tompeny Rapidase (nom G1st Erocades n.v. ) at Sec11n 15 an _E B "f_’, ”5
'h,ymportant producer of 1ndustria] enzymes and severa1 companies are using S
g b1olog1ca7 processes at the. industrial 1eve1 (e g. Rhone Pou1enc Orsan,

Roussel Uc1af Roquette fréres ,.,) Rhone-Poulenc has deve?opped several :

programs of- research dea11ng w1th mmmob111zed enzymes, 1nc1ud1ng ‘the product1on-f .
'j of a new support commerc1a11y ava]awble . Spheros11" eas11y use for cont1nueus
' processes ~The companres Orsan and Biapros1m are 1nvo1ved 1n a program of R

L f and D for produc1ng res1ns bear1nq 1mmob111zed enzymes The company Choay has

patented some processes us1ng 1mmob111zed.enzymes for produc1ng nuc1e0t1des
The compeny I S. A s reedy to commerc1a11se an apparatus for g]ucose measurement '
1n blood based on a glucose ox1dase e]ectrode,,“"' S :



N : v[’ ,

At the Universmty severe1 greups are eet1ve in the f1e1d of enzyme
techno1ogy but in France there is no spec1f1c progrem for support1nq th1s
kind of . research Laborator1es are supported by severaT programs of the ‘
C N R.S. (Centre Netiona] de 1a Recherche SC1entﬁf1que) and of ehe DQG@RﬁenT. }ff
(UéIégat1on Généra]e E IagRecherche Sc1ent1f1que et Techn1que) but the mein '
goal of these programs is not Enzyme Techn010gy : _ S
Researchs devoted to 1mmob11gzed enzymes ‘were pertly supperted by programs }}"
dea11ng with: "Membrenes?,l"B1omedice1 Engmneering";'"Spee1¥1c activation p,i"' |
“in Drgan1c Chem1stry“, "Food Techeo]ogy ,:"Anaivt1cel Chemistry",:“ChemweeT

L 7' .
“',/ .

7 '=f‘gff The Laboratory of Pr Durand,(l N S A Toulouee) has done and lmportant o
L work on. 1mmobi1ezed enzymes and the1r use in reactors (packed beds and C.S.T.R.).i :
’ f‘The work was devoted for instance to 1nvertase and to. the seperet1on of D~
' r? and L- 1ys1ne. More recently this 1aboretory of B1ochemica1 Eng1neer1ng hae

B 1s aTso do1ng research on. fermentation, 1ne1udes more than twehty five peep?e

g . In Lyon a Laboratory headed by Pr Gaetheren hes deve10pped a technoiogy.iu'

__ *‘jof enzyme coLlagen membranes in co]]aboretlon wwth the “Leather center of Lyon“ o
'"]“f‘These membranes are used in cont1nuous reactors and for analytlcal app?ications

| ‘The enzyme col1agen membranes were used as active part of enzyme e1ectrodes h
ey }'i(g1ucose urea) produced 1n co11aborat1on w1eh a 1aboratory of b1oe1ectroche-'”
ZV“5"'m1stry of Crete11 ' - : SRR - ‘

. ,

" A group of orgen1c chem1sts (Pr Brown) in Le Mens has deveiepped
ESevera1 methods for the 1mnobu11zae1on of" enzymes on poLymers Proteo1yt1c

In the Un1verszty of Toquuse e group oF electrochemists (Pr COmtet)
;and a group a biochemmsts {Pr Baudras) has developped a spec1fic enzyme - ; N
'Lelectrode for 1actate In the Pesteur Inst1tute of L111e and 1n~the laboretorﬁes :
C <of INRA (Institut Nationa1 de 1a Recherche Agronom1que) researchs were deveted
J.ito the entrapment of whe1e ce1le in ge]s ‘ ‘ ;

AT

-i Eng1neer1ng and Energy“,~ég?;:ﬁ.pr' v 3 ‘1 ~ ':f"z:;‘j S T S R

B f‘ftaken a 1eading pos1tion in the f1eld of immob11ized Whoie ce11s The group wh1chV R

fehzymes as well as enzyme 1nh1bitors were eff1cient1y 1mmob111zed RO R




- -

iﬂ the Unlverssty of Montpe!lier a group headed by Pr Cheftel
_pthas done a work on 1mmobilizatmon of enzymes and their continuous use 1n

'reactor R 'f* “a',k S

e The E R.A. ( Equlpe de Recherche Associée) n° 338 of the C N R S..
1 rat the Un1vers1ty of Comp1égne (U T. C ) has developped the product1on and the
f_study of ertaf1c1e1 enzyme membranes and of enzyme reactors during the past

= ten years Basic research and 1ndustr1a1 medical ‘and ana1yt1ca1 app]1cations

o were performed The group 1nc1udes twenty people An Inst1tute of R..and D.
"W(Fnstmtut de TeC1nQTog1e des Surfaces) is deve?opp%ng the above resu]ts to
the indusfry AR

V. 2

N

5 - 4 German Federa1 Repybl1c S

R The G. F R is devoted a qu1te 1mportant effort to biotechno]ogy .
: [through the program of the B F.M, T. (Bundes Min1sterium flr Forschung und
‘ Techno]og1e) ahd the G.B.F. (Gese!Tschaft fUr Biotechno1og1sche Forschuno"-'

"_e"ijjan) Institute 1ocated at Braunschweig.

: The farst point is an 1nd1rect act1on and the second one. a "direct”
7act1on The G B. F is the unigue Enst1tute devoted entire]y to biotechnology

" in the member-states. The institute was Created in the middle $ixties by the

:Volkswagen fundation but-after five years sh1fted toa gouvernmental supports'
vahe 1nst1tute 1nc1udes 230 peop]e (80 researchers) w1th an annua] budget of
-18 m1111ons of D, M The area of 1aborator1es and pilot p1ant is 14 000 mz,‘-

 ::eaThe act1v1ty of the 1nst1tute is devoted to genetic, m1crobiology, fermentation
L and enzyme pur1f1cat1on (the 1ast point W11] be d1scussed 1ater)

V | Up to now the use of m1croorgan1sms or enzymes for enzymatic ,
',convers1ons cons1sts main?y of fermentation processes with intact cell cu]tures
In West Germany m1crob1o]ogica1-enzymat1c convers1ons are used techn1ca11y for -

el g. ‘the fo]]owang processes :

Synthesis of citric nc1d (Benck1ser LudW1gshafen, Boehr1nger, Ingelheam)
Synthes1s of sorbose o (E. Merck Darmstadt) S St
«rdSteroid conversions S (Scher1ag, Ber}1n) -

-




.”s'(7;f};'deve10pment in w"Germany”“

f ﬂﬂ~ Ana1ysis and control of b1oreactors )
),‘Q;rjja Production by fermentation of\new substances T
S MicrobioTog1cal part1a‘ﬂsynthesis of. compounds as hormones.t R

i

' "ﬁoo Reuse of byapwoducts of fermentation k

I 1976 by recommendatmn/'of‘ the BMFT the third emtwn of 3

“‘,;,;ff"B1otechnolog1e" study has: been’ pub11shed by a d1vwsion for technicol :
'"”@{{blochemistry of the DECHEMA (Deutsche Gese1lschaft fir chem1sches Apparatewesen

R

Frankfurt/Main) Th1s study dea1s ‘with the biotechno?og1ca1 research and

s It is of 1nterest to d1scu$s this report The criteria of cho1ce are PR
= t?i;f1isted (The part beTow was trans1ated from Germaﬂ) ! A‘~»"' S ;
.",57?*‘ The. pubTic 1ntorest of prdaecﬁ e.g. env1ronment, pharmaceut1ca1 supp11es, 5

‘ “fo‘ffood 1mprovement* and reuse of waste -The 1ncreaseof ﬁhe capac1ty of. the industry
ﬂ"tjo}t'The development of mu1tidisc1p1inar works from b1o}og1ca1 bas1c research o
‘“ffﬁ- The tra1n1ng of qua11f1ed people for new b1oiogico1 procosses f?;;fii.-'7  ":”'m‘bfju,

*1human vegetal an1ma1) cu]ture

MicrobioTogﬁca] processes applied to waste waters  f'; 1;,ilg€;"*
Reuse of agricultural wastes. S T

ey

i '-F%oduct1on of new m1crobxa1 strains. i R
:  7~ Bio]og1ca1 n1trogen fixat1on *‘“‘.,jf?;f*; s

Development of'enzyme technology inc]uding 1mmob1}1zed enzymes fli,:;*;aleo L

;1uding,prospects and p0551b131t1es in the future.uwfu¥ T

S
v

- = uj %The possible actions 1n the f1e1d of enzyme technologyare then discussed
: ’_*&In the introduct1on part»the réport forecasts a development of stabx]ized enZyme$
1/E”f 1n the f1e1d of synthesis and/or seiect1ve ox1dation of f]avors, sterozds“;uu.




E@mglgx Gl T T g e AT
¥}"The r@s&awch of ﬂ@W p@ssibiﬂitaes @f stabviiga%ﬁon @f enzym@s n@@dgsom@ Ry

1ﬁ de®per studieg dea?wng with the prote1n structure The 1mmobﬁlnzatv@n of @nzyme o
T fr@quzrmmg pyrwdﬁnic caf&cﬁ@rs needs exact kn@wladge on the m@chanmsms @nd
‘ 'frgtkwn@tﬁcs of th@ cata?ysed r@actﬁ@n“7‘.]i“uf _;‘.; _ ;\"' :

Th@ vmp@rtan@e @f the immob11izat1on @f subce]iuﬂar structures ,
an@/@r wh@?@ @@ﬂ@s is also shown.- Th@ pownts of int@W@st pr@sewted in th@ ,u'.
'DE@HEMA rep@rt wn Enzym@ Techn@?@gy are {ff;gA‘_f

- Immobilization. methods and sug@@rts _

mu-mcm@ﬂﬁdmwmmw&mw—mw-aem_'Dm

T"R@ugh]y9 5@0 patents are dealrng w%th the immobi?izatwon of enzyme Th@f@ 15‘1>A' )
no & generav method @ffmcment in amy cas@. It will be usefu] to standardase f*i’ ‘,
" the general cwvt@wia in @rder to quantatat1veﬂy compare the potentialities of f ' .
1”d??fer@ﬁt methods” (A pwngwam is. a?weady supp@rt@d by the BFMT on the: t@gwc) o

o e

[ Enzgme ana?ysﬁs P

& @ & mu:acnca@

”“The enzymat1c &nalys1s 1s presentiy necessary f@r the modern d%@gn@stic
‘1~Th@ @mzym@ anaﬂygvg c@uﬂd b@ used on. Wane for th@ cantra? of f@rm@ﬂt@ﬁﬂ@ﬁ“ ”
- The DECHEMA r@p@rt gﬂves a goad idea of the pr@sent state of piannin@ the r)
 future of bw@t@@hn@iogy in West G@rmany T : . : SO
::'Th@ dvscussfon of the actua] situatxon of Enzyme Technciogy the 1nﬁustry Teve? y _’.‘
' ‘1ﬂ the country is aTso @f 1nterest .‘ 313 e ‘L“ S ‘; | ,wj,' o

A list Gf the mawn po1nts of a proposed advancement 1nciud@s a]so

: techn@iogaes using. 1mm@bmlmzed @nzvmes : \ o S
o Mith regard to imm@bﬁlmzed enzymes up to now Bayer is - to our knmwﬁedge -
: ’:'th@ only pr@dMCQr 1ﬂ west Germany app7y1nq 1mmobiinzed enzymes as.a technica?
1‘ f[‘§@a¥@ 100 t@nsper year Bayer produces 6-apa Fr@m pen1c11?1n 6 usvng
* "”imm@bw11z@d penicillin acylase. Bayer- holds patents on e.qg. f@?i@w1ng carriers c‘m
o ay acryl amide, ma?eic anhydrmde M, N“»methyieneb%sacryi&mﬂde cep@iymews B

(@@utsch@ Patentanme?dUng P 2157972 ﬁ)

/////




f‘efi b) cross]1nked copolymers,_f;c4 9 a, Bmono aikened1carboxy11c ac1d anhydrvde,
d1- and (or). po1ymethecry1ates of po]yo'” ,j;_;ﬂ,gﬁ,~ 5t R
) (Deutsche Patentanmerung P 2215539 1);‘;‘;”ie‘fk ' B S
- c) tetraethy1energ1ycol dimethacrylate, methacry11c ac1d ma1e1c anhydr1de

. jj copolymers (Deutsche Patentanmeldung P 2215687 2)\ R

.} :(Mannhe1m) E Merck (Darmstadt) Rbhm (Darmstadt) SRR : : 4
":%e Boehringer (Ma,”“ %m) se11s carr1eruﬁxed eﬁzymee for ane]yt1ca1 and diegnost1cal

;ama dung, P 1935711
3 copolymerization of proteins 1nto cwossl1nked acrylamide gels The proteins
?; are V1nyTated,by reaction with acrylﬁc,ac1dr2 3 epoxypropy!ester or other

Y

P 2128743 4)_

!;'Merck (Darmstadta produces immob1112ed‘enzymes on the bas1s of carboxymethy%

“cellulose and on the basis. of ma1eicﬂanhydr1ie‘ cross11nked wuth butandmol- 7:'
”divinylether 1V‘ . 3 e S &~ A *‘“ IS
;Rphm (Darmstadt) 1mmo]i1izes enzymes ‘on. bead polymer1sates made from acrylamide\,;‘f“?:

’;fludustr1es producing&enzymes and perform1ng research on enzyme app11cet1ons

L Bayer AG
s Abt. VE Biochemie

: < « N FRRPEIR R
T 45 @l et
. e Z R Llen .

Ll Ao R e

"? @tner producers of 1mmob111zed enzymes for ana]yt:cal purpeses are Boehrlnger .ffe;fér'“‘:‘

‘Ohand P 1908290 7) and on carr1er$ on the bas1s of the \"f]:fiizhﬂf; ,

with' methacrylic aC1d anhydr1de resp!ra11y1g1yC1dyT ether es reactive components e*xjej'if*




”_Béhrnngwerke AG " '{;;{ n,"{:ﬂ 2 ;f1}‘0tfo Nofﬁé1d’ke
;0 Pogtfech 1140 \ 'r? 7"-'”;'nff o ‘431,[f?Heﬁnrichstr 5
“»,.*j3550 Marburg/Lahn | %ru_:i~‘, S Hamburg 50

| fB@@hrTnger - Inge1heim ‘_f PR ?Rﬁhm'GﬁbH"”:“'
’»J;6507 Ingelheim S ;fj,(“r'g-73 ‘ }j jK1rschena1Tee

| C T 5,61 Darmstadt
’jaxjgg@hrxngen Mannhewm GmbH ‘ “;_ ‘f;f§ngfScher1ng AG )

:fngahnh@fstr 9- 15 o 131‘ i,”’f:f kff_f,'i7M111erstr 170 172
BL32 Tubzing - . ;.,*Iﬂ; 1 Ber?in 850 2

E. Merck Ag
6l ﬂaFMStadt"i’

e L N e

-
. > 1

-‘n‘FCompared wwth the few attempts using immob111zed enzymes 1n German industries i

. _there exists: an ext@nded potent1a1 in- research at German unlver51t1es and

 fnst1tutes Swnce 1976 there exists a BMFT-project concerning the “Standardi~
‘fi’zatvgn and Charactarization nf Immobilized.Enzymes“‘f e
_ ;This proaect aams t@ get standard1zed methods of the determ1nat1on of¥ ,
'“;vpr@pert1es of the immob11wzed enzymes Standard1zed genera1]y comparable methods :
. are necessary. to give the app1ier of immobi1ized enzymes a set of data a]]owing ~.”
7;h1m to- compare object1ve1y the ava11ab1e immob1lized enzyme products lfﬁ .

anee compan1es a1ready 11sted are 1nvolved in the program o

‘hi”(B@@hw1nger Mannheams br- G?oger ahd Dr Jaworek - Merck Dr Hennrich - Rﬁhm GmbH

- Dr Krdmer) and the academ1c groups 11¢ted below s ‘ o

. “. SRR The group of IECHEMA (Frankfurt/M) headed by Dr Buchhn?z is working
"}ﬂ,an immob111zat1on of - enzyme j' o . h ~ :
o '*'yu The department of Pr. Ku1a (G B F. ) 1s doing an 1mportantvwork in the

1"Vf;;f%e]d of enzyme 1so1at1en by ?1qu1d extraction, 1nc1uding 1arge sca?e application

A




: -g;y,- In the Institute ofﬂ cfchemlstry 6f the Free university of*—’(/

; Ber1in, Pr. Manecke is'doing and outstanding work deaiimg with ‘the chemistry

6f enzyme immobwTizat1on aé well as;the character?satiun of the carrier po%ymérs.;«
}!The resu1ts obtained on redox po1ymers cou]d be quite 1nteresting 3% the field ‘,
' “of immeb1lized enzyme P 'Manacke ﬁuok a‘p&temt twenty y@ar$ ag@ on’ ﬂmmobi?iaation
| and he 1s the pwonner the f1eId‘lnsfderthe European Cemmunity 5

e 1 In«the Univ rsity of‘Bremen, Pr Kasche'isﬂwork1ng Oﬂ the kinetvc fﬁ“;?‘  
‘-stud1es of 1mm0bi1ized e\’ymes and. on the analyswsxof enzyme reactors - IR
' Other Germani abvratories~are performwn {1 archs on 1mmobﬁ11zed

enzymes :




S@m@ campanwes in G?eat Bvitain are already‘us1ng up t@ date @nzyme '

t@@hna]ogy at the ﬁnﬁustrial levei. E C.1. Agricu]tur@I Divﬁsi@n m@nwfa@tuveg,‘i
wmm@biﬁized QEMC@se-is@m@rase b@th 1n %he country and’ abroad (U .4, Y. Albion

Sugar and. Tunne? Refineries have buw]t plants for pr@duutiun of hmgh fruct@se L .

syrups but E. E C 1@gisiatien has - JE@pardﬂsed th@ futuwe of these pﬁants
Beecham (ag Bay@r see’ S@@ti@ﬂ 5»@} €WVQ1v@d ?n pr@du@tﬁ@n of. s@misynth@tic 4
p@ﬂ?@?i??ﬂ hag d@ve?@pp@d DW@CSSS@S ?@P the @nzym@ c&ta@yssd d@a@y?atv@n @f
b@wzy?penvc%??im whach are sup@rﬁor t@ th@e@ @utsid@ th@ E.E. G- E@th
&ur@p@an @@mp@nﬁ@s hav@ @ d@mﬁnaﬂ% @@5%%%0% ﬁn this awea AR

There ar@ c@mpanies in Engiand which produee and market a rang@ .
of enzymes @n@g ABH Industrial Products, seils.main?y microbial” @xtr@C@?Euan :

@mzym@§ such as pr@teases and amy?ases The other, Whatman Bi@ch@m%ca?s pr@duges 51,'5?

1ntrace?1u1ar enzymes for c?inica? ana?ysis and research Recent1y Mi1es
Labor@t@ries (U K. ) has marketed nylen tubes t@ whﬂch g]uc@S@ @xﬁdase ig
wmm@biivz@d These are n@w being wnserted into TechniGOﬂ ana1ysers as part
@f the agsﬁy @f g@rum gﬂuccse by h@gpita?s _:f : :

Iﬁ must be emphaswzed that commercaa? developments ar@se fram
universmty wesearch funded in the late 1960 s and first ha1f of the 19?0“5 e,"

g" - Much of the research and development on the 1solation @f penici111n
acylase, its imm@bilizat10n and use in reactors for the deacylati@m of b@wzyi
p@mﬂtﬂ?l%ﬁ E@a@ing t@ the commercwa? process was d@ne at the Unﬁv@rsity
C@Eﬂege ?ﬂ L@nd@m by the group @f Pr,Li1?y @f wcr?d pi@n@er 1n %he fi@ld

‘*"w The patent heid by thg Nationai Research DeveIOpment Corporati@n .
C@VGFTHQ enzymic assays of serum cho?esteroi is. @ne of theur top. &ﬁn ‘ o
revenue earners. The pr@cess for th@ pr@duction and isoﬂatio% of the
@h@iesteroi»@xﬁdase, -used in- this assayn whﬂch f@rms part of th@ p@t@nt

Was deve?@pp@d at the Unwversaty College (London) aﬂd f@rmed the basis o?

th@ C@mmerciai proﬁess @perated by Whatman Bi@chwmvcais s :




Y . ,5’~ The ny!on tube-glucose oxidase system marketed by Mi1es ,‘;l?‘fi

L Laborator1es (u. K ) was" p1oneered by Dr Hornby while at the Un1vers#ty

“‘ef‘of St Andrews._. - ﬂlx},_v, T R o

Lo x"iV- Severa] companies use the APV Montow Gaulin homogeniser for

r;ffff;disrupt1on of microorganisms. The use of this machine for micrebiai d1srupti@n G
e vas- 1nvestigated from 1967 at U c L | S S =

During most of the 1ate'1960 3 end f1vst he?f ef the 1970 s the \‘?[”' ‘

| i'¢75c1ence Research Council (SRC)maintained an enzyme chemistry and Techno?ogy

U was disbanded on comp1etion of that task (about 1975) No cemm1ttee mow has

j ’f‘,ef{forma1 responsabi11ty for supportmng enzyme techno!ogy a1though the: Chemnca1

,;f]}fEngwneer1ng and Technology Cemm1ttee supports projects on Biochemica@
“*‘QiEngineering i s | |

AR

4riw~_ Using a broad definition of enzyme tEChNOTOGYn thenewere 1

,jej,ﬁ,projects in th1s fie]d at October 1976 supported by the SRC at the total cest ?*“» ,
.7 of ‘about 210 K pounds Since these grants are: for. an average period of 3 years L

.‘the annua1 expend1ture by SRC in Enzyme Techno]ogy was about 70 K.pounds. :
= Itfis;quinterestytp,diseusSche research,projeCts going;onF:— -

| "‘j~ At the Univers1ty CoIlege London, the group qf Pr Li11y and Pr '

Bunniil develaps 1ts 1mpnrtant research work in the fie?d The work includes

£nzyme extraction from microorganisms technology of lyOphiTic enzymes,\‘ _

"5’fﬁdeacy1at1on~of benzylpenic1l11n, 1mmobi112ation of enzyme tc magnet1c supportsv-
and immob111zatibn of glucose 1somerase ‘ Co - R

4

f”f'~ At the BiPminghan Un1vers1ty researchs dea11ng with kinetics R |
of bacteria] a-ﬁmy1ase production, stability of immobilized enzymes , dispersion' E
effects in fmobilized enzymes redctors and app11cation of immobilized enzymes -
s brewing are done B L o R AR

A o

XJ”TVCammittea whose role was to st1mu1ate research in these areas This. comm1ttee fof*;,:?'




# .{‘m At the Manchester Instxtute of Scwence Techno?ogy a work on
. ;,b@@L@rmaﬁ aaamyﬂasg pv@duction 1n camtmnmous cuﬁtmre and pr@ductiaﬂ of cgl]ulase

s p@rf@rmed |

Fr@m the SRC R@p@rt on Blochemvcai Enganeermng the oth@rg Enzyme ﬁ‘

e Techno?ogy pr@jects vn lr1ﬁ1sh Un1ver51ty are T1sted below : - ‘ -
‘.'.St AndweWg Unwvevsmty = enzymes attached to tubes aﬂd themr u5@ in automat1c
 ,,ana1yS1§ S SRR A SRt L SRV e

| ,]‘Tham@s P@?yt@@hnﬂc - hydw@phobmc afflntiy chr@mat@graphy ' ‘i\'f'* ,
" Brunel . Un1V@wgwty - d@vgi@pm@nt of n@w supp@rts f@w mmm@bﬂﬁwzatﬁﬁn @f emzymes |

‘ ZE Card?ff UﬂﬂV@?Sity - the b1eiogwca1 effect of u]trasound

ﬂL?verpaol Unﬂversvty - deve1opment of affin1ty chrcmatography F@r @nzyme pur1f1cat1or
'Suwrey Univergmty - gr@wth and 1seﬂatﬂon of cytochrame p 45@ fw@m y@asts .

- Swrwey Unvvevsuty - enzyme deactﬁvat%on in foam fractionation

Imp@viaﬁ C@ﬂ?@@@ &@Wd@n - large scaie prgductfon of. enzymes .
"vGiamorgaw P@?ytechn1c - rupture of cell waT]s in high pressure systems -
Swanges Unnvarsmty - stab&?wty and klnetics of ge? immob11ized~@nzymes

‘ Sa?f@rd Unmvergmty - m@d@¥11ng @f immob1lxzed enzymes reactors "

: ‘,Strath@ﬂyd@ Unmvews1ty fvxed bed @nzymes f@r cataiysws 1n non- aqu@ous med1a

7 HarveiT is aisu 1nteregted now in app11ed b}eIagy 1ncludmng
. .immob1112ad enzymes B B S N |
5 - 6 Ita1¥

In the 1ndustryp the SNAW=Progett1 (E N. I ) became %nterested ln
@wzym@ techn@?@gy ten years aqo Pr Dmne]la has p1onnered the pr@gram with ‘
'»'%mportant means including the CW@@tion of new labcratornes and faC11ﬁties in

‘1 ‘ fM@nterot@nd@ In 19789 1ndustria? m1crob1o?ogy and’ app?ied biochem1stry are
| new advanced activities featuring sclentvfmc vesearch at. Snamprogett1

"fPawtvcu1ar emphasﬁs hag been g1vam to research and deve?opment in. the f1e1d
of pr@ducti@n and . extract1on of emzymes and thevr apﬁiwcat1on as catalysts
~in %ndustr1a3 processes Lo :




Lt
ERS

fThe importance to reu5e enzymes 1n the process 11ne both to dim1nwsh the

1nc1dence of cata1yst cost and to swmp11fy the operat1on of product 1soTat1on e
was realized 1 ~“‘”.;M T T ' S
j{ﬁ In this regard the 1nterdisc1p1inary of Snamprogett1 s research has made 1t
“‘Lpossible the: transfer of ‘the broad experience acqu1red in fibre technology
e - ;'to enzymology. The tangib]e resuTt was the d1scovery and: deve1opment of an Gt
i@?lff-i‘»fV - origina1 and economic method to immob111ze enzymes wh1ch has made pract1ca1
PRI 'nﬁjheterogeneous enzym1c cataiysis New perspect1ves have been qpened 1n industria1
v!voperat1ons, 'analytical methodoTogy and b1omedica1 app11cations ' -
: The techno1og¥ of 1mmob11iz1ng enzymes discevered by Snemprauett1 consxets

. i=;1n the phys1cal entrapment of the prote1n W1th1n the pores of a poiymer1c
i ,,jmatr1x CA T e e

i @

r,v

S It is of 1nterest to d1scuss the process avalaib]e at the SNAM -
>'r;ivProgett1 for Ticensing at the industrial scale . a,

f- Transformation of pen1c1111n F to 6-am1nopen1c111an1c ac1d

: "::- Hydrolysis of the 1actose preSent in m11k to produce mi]k with
'1ow lactose content A m1lk treeted by the process is a1ready marketed 1n

q

Italy. (see below) SR et e T T e

[

7 Muny consumois do nnl falomo milk -,

.~ because +'they. .cannot agsimifate -.the, :
"sugar in it (lactose), which ‘feads . lo .
Jmosunal disturbances.’ ‘in this milk = -

- a process; new throughowt 'the-world. =~ |-

“* -and ‘riot - Involving additives, has been

i .uged to ‘convert st leudn. 78%y of the .
... lactose to ite camponmss. glicose. and
- galactose, which ers esalor 1o “digest.
5 In this way & product hag been obtain-
- ed” which is particulerly indlcaied for
sl — whather children or aduits —

(G . P A.) with. penicillin amidase (PA). A-v ;"*%f

 decadi

S g't?%;ml ‘min. 4,8% max_5,2%
B H v (] o
e tattoslo non pid di 1,3%);

SN

. E segco: min, 10.2% mox 1,0%.
- ‘l‘rodam dlctamo brovomma in

_ CONSERVARE IN FRIGORIFERO mmmm%%

'_'Prowu IG.SB mln, 2,9% max .
ﬁp‘dh m ,1.5'/. mnu 1.8%.,: B

 minerall; min. 0,8% max P llulduoj

collaborazions con Snﬂmproggm._": Ya

CENTRALE DEL LATTE DE MILANO

i

,Ewn das consommaseurs ne suppor- .

tent pas-ie lait car ils n'en ' assimilant

. . pas le.sucre (lactose} qui provogue .
- "des. troubles . intestinaux, Grice & un .

.+ procédé tout’ & ‘lait inédii et sans ads

© . dition o'autres ‘substances, le laciose
. 'de’ce lait-a été lransiormé, dans a
< mesure d'ay moins 75% en.giucoss el '

_en _gelactose, plus taciles &  digérer. -

. 'On a aifisi obtenu un: produit conve:, -
- -nant ‘tout particuliérement & tous geux - .

(aduites et -enfants) qui ont ‘cassé- de
.boire du lail & la suite d-monmzua
duas au Iacrose : !

 who buve ‘given up ik becauss o o
. .mtoloranen : TR




- Transformation of 5-phenyihydantoTn  (PH) into D,(-) phenyl glycine

(D.P.G. ) with hydant@inase 'Dfp{G,,isuwideTy used to synthefiie.ampici?lin~andf"“ ;

C@phalexmno : : _ , e
- Isamerisatmon @f glucose w1th g?ucose 15@merase

Ana]ytwcal devnces were a1so pr@duced by th@ Compawy 1n order t@ measur@ B
urea in: wndUStrvaT aﬂd bmolog@raﬁ fiu1ds penvcw?ivn in fermentatwon bw@thss
@sparagmn@ An bm@]@ﬂicai f]umds and sucr@se in 1ndustr1a1 @ff%u@nts
Exp@rwm@nts were p@rfarm@d in VTV@ Fﬁbers C@ﬂt@?ﬂﬂng pr@p@r @nzym@
cofact@r systems can be used t@ 1ower consmderab?y the haemat1c 1eve?
of sam@ substances with cause a patha?og1ca1 state ‘

It is 1ntew@§t1ng to nat@ that a 5pec1aﬁ progect on Bﬂ@m@di@@i Engmne@wang '

of the Itaim&n CNR s g@mng on in the fﬁeid of enzyme techmo?ggy The progect
d1W@ct@d by Pr L. D@NAT@ From the Un1ver51fy of Pmsa deals wmth the d@vgﬁopment '
of extracorp@reai det0x1f1cat1@n dev1ces based on enZymes

ﬁ
The Pr A FONTANA from the Univers1ty of PadOV& 15 prepariﬂg a pr@gr@m
on ?5@?@@1@@9 charaetermzatﬁon and appii@atwons @f Enzymes in the frame work
of a specval CNR pr@g@ct on fvm@ chemical. The group ef Pr FDMTANA is working
on the pur%fﬂcatw@ng isolation and characterizatnﬁn @F enzymes from f
th@rm@ph111c bacter%a The 1aboratory is a1so invo?ved in the snec1a1 wrniect
or’ bﬁomedﬁcai eng1neering of CNR. In Nap1es the group of Pr Drwo11 ra
spec1a11st of membranes and u]trafiltrat1on has app11ed h1s knowledge to 1
enzyme,technology, to deve]op ultrafiltration enzyme ‘reactors. In the same f'
@1ty Pr Scardm is d@mng the biochemical k1net1c character1zatw0n @f enzymes
used mn u?traf%?tratign ce??s The work 1nc1udes %he use of enzyme qrafted
on so?ubi@ p@?ym@r suPports ' P "
5 - 7_Iwejand




¢ e '  53 -
, | U 1
2 5 - 8 Conclus1ons f" e
The accomp1ishments 1n enzyme technalagy are quite 1mportant ih. %%@ ,
:xmember-states but .a community act1on cou]d giye rise to a better coord%nataon
‘ and a better eff1c1ency of the European potentma]at1es The Eur@pean research
in. the f1e1d need an 1mportant supp@rt to compete WTth the U.S.A. @nd Ja@an |
" but the starting 1eve1 is good @nough t@ gﬂva a hﬁgh pwof1tabi1ﬁty to tne
: QJ-.commun1ty 1nvestment i R , RS
T 'f'i A}, \i.
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i a) ?RESE‘NT ST TE O S I e o

SR The first app]icat1on of 1mmob111zed enzymes 1n a cont1nu0us
u,f?iprocess was done in. Japan by TANABE SEIYAKU COMPANY (see chapter 4- 2)
_:{jFor both the number of patents (see append1x II) and the present 1ndustr1a1
.,'fffrea11sations, Japan 1s the most’1mportant country 1n the f1e1d Numerous
"fg’”groups in 1ndustry and Unmver$1t1es are very act1ve in enzyme techn@?ogy
_ S : Industr1a1 app]mcatxon of 1mmob11ﬁzed enzymes and whole C&]]S L
"¥71n Japan are Tisted in ‘table IV. Eight app]icatimns are aTready geing on 5“‘“]”*
S f'i(four studled dur1ng the 1ast year) F1ve Companies are actwve at th@ indus-”“ S
‘ ’, : ,l,tr'ia'l '[eve'l . ;; . t, . f.-l.] o x i ! w

e R LI A ey

| o INDUSTRIAL APPLICATION OF INWDBILIZED ENZYMES R S
L AND WHDLE ceu.s IN JAPAN o

,",/

Enzymes cr cel?é

‘\,

Carr1er

Methods

| comany. |

Year

Am1noacy1ase

glucose isomerase:fq

g1uccse 1somerase }fﬁAmber1ite IRA 904f

,.1ﬁ@ AE Sephadex

| "!qu1yacfy1amjdeff

‘7Du011te A7

o stre‘tom,ces sp.u@c,ﬂmod1f1ed anion
‘ w;ﬂxg ucose 1fomerase)ﬁ

v pén’lh'i\i‘ -| m-acy] asa

iice11te j" 5

:ffgdﬂya;ry1§m{déf¥;
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exchangu res1n

ffAdsorpt1oﬁﬂ

‘ffEﬁpﬁépment*'

Entrapnent |
“Adsorption |
T | ek
‘%AQSOrbﬁion f ;

Adsorption. |
"'fAd$dr5¥ipﬁ7?

| mesorprion |
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Kase1
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; Beside the process based on
‘,Twhoﬁe cei%sg native enzyme are wade?y
examples of ut111zations are given in , :
’Glucose 1someraseeis used under both forms by 16 makers f@r producwng
; giucose—fructose syrups The output of fructose syrup each year is

'equa1 to 70, 000 t in the country

.

T A B L E VE

1mm0bil1zed enzymes or 1mmob111zed
used in the 1ndustry Some
Tab]e VI. '

INDUSTREAL UTILIZATION OF ENZYMES IN JAPAN

;"Eﬁzymes" ‘Substrate Utiiizétion
@rﬁmylase | starch Proauctichof7deXtﬁin~'
Glue@amylase starch ;Production’ofrmaltose
o o Production’'of peptone
ProtelnaSe Protein

(mllk soy‘beam

Pretreatment of soy
source '

Papaya latex Protein ln Beer

Removal of turbldity

_ Mu@gkrennin Casein - “Productzon of cheese
 “Pectinase  Pectin. Productlon of fruit- julce‘
" Cellulase Lﬁellulose‘ "‘;Saccharlflcatlon
o Lipase'  Lipid | Hydrolysis of llpid
, Invertase o Sucrose ‘ . Product;on of 1nverted
. .._sugar. %
; Lactase Lactose "Decomp051tlon af 1a@tose
%‘;gzizém- maffinose  peogweosition of
e
AMP Adenylic écid_"Proguctlon -of 1noc1n1¢
S aci L

- aeamiﬁasef_

e Stereld 17 - Sterol . Production of“étereidf
’ahydroxylase - o ‘ oL
GluCOSe Glucose . Productlon hlgh fruct@se

;isdmeraSe. _

‘syrup

"f\Amlnoacylase D, L~Acy1 S
, " amino @cid ‘

/Ptoduction of Lfamino‘acid

A

/

Ay ’







' Enzyme : caxrier‘~fj':*‘, © Method

T AMP d@aminaée_*i“vx' ‘ffglycldylmethacrylate »4»,,”ent:apm¢nt. Lo
. B-Emylase . . .starch ;f”'g_  :1‘ v-a§sorpﬁion‘d*

ﬁf@aS@"f“;l" oo polyamin@ acid s R ‘ébupling'_'

ﬁbﬁmwlage SRR, v actLve carb@nf 7“'   adsorption

-ol=1, 6,«@1@@@@&@@@@‘ - active carbom - adsorption

"1*. Glucose isomerass anion exchanger ' adsorption

"vtLaAmino[acid,eStér'H, '7M 7y f  LA S o
. .hydrolase - - . . - . polysaccharide-~ =~ . adsorption

- Asparaginase ~  polyacrylamide = - - entrapment

* Glucoamylase ‘:, o anion exchanger “}~;» ~adsorption

_aminoacylase - anion exchanger ~ adsorption

«*: Aminoacylase | ‘l‘f -“Polyacrylamlde - . -entrapment
. Tyrosin phenol lyase " 'polysascharide " coupling

. (-Galactosidase o &nlﬂnA@xchamger~‘lr,"f>-;“:aagq:p£ioh'n
'Liw‘ﬁmAmylaae 'r‘»‘*  . anion exchangerf S _Qlagsorption .

/

,'gL;fThe Tanabe Se1yaku Company has already developped several systems based on
“fdmmob11azed whole ceTls o SR IR .
I Escherachia Coli: transformatlon of Fumar1c acid 1ntoﬂma$part1c ac1d
j](agp@rtase) ‘ e | v ‘
e T Brev1bacterwum ammon1agenes 'transformétﬁon \Qf,FUmariE Acid'inta‘*

. L-malic acid (fumarase) . = [ , R

_“‘” - Pseud@monas put1da :'tran§formatioh of Lfargininé-jhﬁdut-citrullihe
'”‘f}(L argxnane deiminase) B . S Rt L o , -

= * - Achromobacter lvquidum tranéfbfmafion-ofnghisfidfne'ﬁwto urocanic

o acid (L-h15t1d1ne ammon1a—1yase) LR e : “. o

: ‘ ,-_Escher1ch1a C011,; tran@formation of pen1c1111n into 6 APA (Pen1c1]11n
~amidase). ' ) ‘ : : -
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b) C'URRE'NT STATE OF PLANNING OF EI‘JZ Vﬂ@ TE’CHNOLOG_Y IN JAPAN

‘ The 1mp0rtance end urgency of man s future that enzyme react1on ‘
‘ ,systems must be construct1ve1y deve1opped for the ohemical ineustryg e
n*fenvironmenta1 eontro1 and med1ca1 app11cat1on are wide1y recogn12ed' J
”‘-iNumerous people are th1nk1nq about. ‘the problem in the “Japanese Soc1ety\ "
- for Promotion of Science" (TOKYO\ and 1n the "Office for Life Sc1ence i

'[:npromotmn“'(PrA WADA, TOKYD). R e T L

‘ : The fundamental 1dea of the Japanese approach is as fo]?nws t

}/J1ndustr1a1 app11cat1ons of enzymatic react1ons wnach have been known to
’evpiay a centra1 rote in’ h1gh1y orgentzed end eff1c1ent bto?egvcel actsvit1es
=3are recognized 1n recent years as one of the 1mportant end ungent task for

. fthe benef1t of human weIfare. I am conv1nced that econom1ca1 prob]ems

- (e, paynent balance) are piay1ng also an 1mportant rele for promotsng ‘

f*th1s kind of programme. Some of the greatest benef1ts which human- society

"can expect once. such app1ication s made pract1ca1 are S S

1) reduced energy consumpt1on, ‘) chemica1 1ndustry based - on aquenus so]ut1ons

:‘f,under normal temperature and pressure, 3) stream11ne process1nq of compIi-

" cated chemical react1ons 4) seTf-controlled chem1ca1 reactiens and 5) m1nimum~jt »

‘T\jnd1sturbance to eco1ogy | : V'-.t
4);‘Fnr th1s purpose Pr wADA try to promote “the fo]ToW1ng top1cs. "

Search for enzymes su1tab1e for 1ndustrﬁa1 app11cat1ons
. [‘a) Search for. appronrlate metho?ogy for the screening _
\*_;;jb) Mass woduct1on of enzymes w1th m1cnob1o?on1ca1 technaques

;c) Qua11tative improvement of enzymes w1th molecu?ar bio?ogica1 techn1ques.~f‘

- d) Qualitative 1mprovement of enzymes “with’ phem1ca1 tecnniques
II Clar1f1cationrcf the mechan1sms of enzyme act1v1t1es and development of
art1f1c1a1 enzyme functions " ' ‘

a) New and qu1ck techn1ques for the ana]ys1s of enzymes and enzyme systens e'””“

b) Reseanch on stnuctures and’ funct1ons
c) Design princ1p1es of" enzyme react1on systems

R




III Releted po1ymer and orgam1c chemistry Backup strategy

a) Deve'ﬁopment of pol ymer cataTysts b_y mmulatﬂng enzymes
b) Seieetmve and eentrol]ab?e sem1~permeab1e membranes
c) Matrix for the/nmmobi11zat1on of enzymes

,IV,/B1oreacter and Chemnca] automatﬁon

‘eia) Ha%erxeis to be synthes1zed by bworeactor ‘ ‘
“',b) Strategy for the effective comb1nation of enzymes and organ1c react1ons.'
-~ c) Bioreactor des1gn } el
- d) Mﬂﬂ? bvereecﬁor for med1ca1 use.
'L<‘ e} Desmgn principles of chem1ca? automation o

V. Medical” eppﬂweetvons of enzymes

c ia) Meeeurement of body Fluid eomponents by enzymes,'
‘ b) Measurement of exogen1c compenents (drugs) by enzymesp

c) D1agnost1c by -enzymes. . L

d) Therapy for metabeilc d1seases

&)’ Theraey with enzyme reeu1at1on factors ¥ ;
These bas1c and app11ed projects mentioned above would - stimulate stud1es
in 2 w1de renge of fields such as’ b1ophys1cs mo]ecular blologye b1eghem1stry9‘/
pe?ymer ehem1stry, text11e industry and 1ndustr1es such as am1no ecmd ‘
pr@ductneng fermentet1on, phﬂrmaceuticei med1ca1 mechanaca! end e]eetro-

.,_nmcal not @n?y 1ﬁd1v1dua11y but also mean1ngfu1 interd1sc1pl1nary cooperation

among- them.. S ) |

A systemat1c approach for research and deve1opment of enzyme techno]ogy
;fhas been worked out, as 111ustrated in fig. land 2. Chart. 1, reads from v
. bottom to top, the promot1on of fundamenta] research requ1red “how this
' ‘fundamenta1 research is- organ1zed and 1ntegrated in units, to establish
a methodology for further deve?opment and rea11zat1on Chart 2, shows

: (from left to r1ght) the flow of know1edge acqu1red during the. deve]opment

of the progect(s)

~ The expected 1mpact of the pr@Ject(s) on 1ndustry and the soc1ety at large

is 11]ustrated 1n F1g 3. R w

j Neth1ng in the p1ann1ng of deve1opment is true]y new for experts in the

field and the report- of Pr WADA 95 a comp11at1on of ex1st1ng ideas but the

'assoelatlen ‘between a well defined p1ann1ng and the Japanese potentia11t1es |
15 un1que i the wor]d L S
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appendix III is very 1mpressive and numerous groups are work1ng on the

‘bysever&EC@mpanaes The overall @utput i$ half Million of tons. On-

*”Research App]1ed to Nationa1 Needs® (RANN) of the N.S.F., it is possible
to forecast an industrial "explosion” of the Enzym@ Technology in the near

.S@ptember 1976 g1ves a go@d 1dea cf the context of the pwaqramme in the

. on Emgyma Technoiogy - Renguwable Resourceés. Your response has been most
' qratzfyzngJ and I certainly wish to- thank you fbr aomtng Hiawever9 befbre

going onm to. the program, Zet me make ‘@ few brmef remarks about the
,Renewable Resources program, the purpose of this conférence, and s perhaps

, preaentatzons of the grantops The latber is. offbred -as.a general guide
to provzdp a meanzngful pprspentzvp to the program and to the operatzon

”mpnt, pnorgy and regources, emplorafnry rpsﬁarnh and tpchnology assessment,

' Ln#'pﬂgovanmantal sownap and pub77,e trze}mologz/ are known as the Research

6~21ntheUSA, Lo w " -

al fHE U.5.4. are the second country in the f1eld and a quite |
nmp@vtamt @ff@rﬁ of res@arch was perfovmed durwng the last 5 years by ' T
the "National Sc1ence Fundation”. The number of papers 11sted in the. « i }
subject in b@th Academic Institutions and C@mpanwes The patent 1ist
shows that the industrial interest for Enzyme Technology is s1gn1ficat1ve
but the onIy large scale app?ﬁcat1on is the production, of fructose syrup
the bas15 of the resu!ts obtained in the programme supported by the
future.. The welcome Conference delivered by Oskar R Zaborsky, programme

manager: of ‘the R.A.N.N. proaect in’ the Enzyme Technology Conference in

cauﬁtry

"It gives me pleasure to weZcome”yéu‘to this NSF-RANN sponsored‘conférence

directorate of NSF sponsoring this eonférennp, the Eﬂayme Teehnology -

most zmportant some pointg for you to consider when Zzstentng to the

The fbundatzon ig dzvzded into seven dzractorates, spanntng baszc
and. applzed regearch. The dzrpcforate, as 9hown, consists of‘sevpral

dzvﬁszons and offices, and the program anffvtuesof'produattvzty, environ=-

App?zpd to Nattona? Naedq (RANN) program. Pleuse. aZso note the dzvzszon of
the prev1ous regearch divectorate into several separate directorates.




1 0 v
' The general pbjectzvps of the RANN programm, whzah was chartered
; 'by the Congress in the early 70's to conduct "Applied sezantifia research.
o reZevant to nattonal problemé znvoivzng the public znterest " are to: ¢
‘ . inerease the uge af sctpnce and. technology zn solvmng seleoted
: e;knatzonal problems ;f' ' L
;finarease the utzZzzatzon of the natzonaZ 1nvestment zn sczenttfie
'zresouraes 5o ' Lo o
| ..shorten the Zead times betweenAbasza sezentza dzseovarzes
Cand relevant appchatzons j and 5 o e
7” ,}provzde an early warnzng of potentzal nattonal problems and
| initiate researak useful in avozdzng or . solvzng such prablems.
. The crtterma employed to deﬂzde whether a sppﬂzfic soczetal
-problem ehould be addressed by RANN are : '
zmportance of the problem so the Natzon .
. payoff to be. ranzzed in relatzan to th@ antzotpated aosts of
-dealing with the prob?em f_j‘ o -
Zeverugeaf'sczenee and technology . : ““"J .
e capabtlzty of znstztutzons to mount an effective research ef?brt
kY need fbr Federnl A@t@an on th@ prvblem, and o
Q r@Ze of NSF. .
ln the Zast crttermon, NSF—RANN résearch support may be appropr%ate T

= f

"a[ _v.‘>. problems fallzng bptwpon or outszde areas of responszbzltty of
i . other ag?nazes e . Y L ;
problems spannzng the ar@as oj‘responszbzltfzes of other agenczes,
. problems. related to moptzng the' Iongpr rangp and sppazal needs
: of other agpnazes and : . o v
problems partzaular?y sutted to solutzon by multidzsemplznary
researoh tpams iH unmverquzps, Lndustry, natzonal Zaboratorzes,'
and nat—fbr-pﬁof@f organzzatmona.‘¢ e ‘ e
‘ As most of you knoww, the Ensyme Teehnology program has been in
’ awzstenae aince the %napptmon of RANN and has supported research on the
genenzc problems of this technalogy. The obgeetzve of the progrum in the
’_Dtsztan of Advanced Produatzvzty Researah and Teahno?ogy, as stated Zast

 ~_-year5 was to solve problems in the natzon&? need areas -of food, health,

energy,. product@vmty, envzronment and resources through the ut1lzzatzon
fﬂqf enayme teahnalogy Speazf%a elemenfs of the program ‘were. to : '




provzde support fbr genertc problem~or¢ented research of ‘high

smgnzficance and hzgh rigk,’ usually znvo?vznq a multidisciplinary
approach ; _ ’
. provide an effeettve znterfbee between baszc research, usuaZZy
donducted in aeademza, ‘and developmental work conducted in
industry or miseion agenezes, and - '
‘; train needed personnel. _ ‘
Last year in August there was a reorganizatzon of’several RANN
'progwamms and activities and the Eﬁzyme TeehnoZogy progran ‘was transferred
" to the Division of Advanced Emergy and Resources Research and Technology.
Based on the research thrusts of the program and other considerations, this
move was Zogzcal and gave a broader Justthcatzon to the program. Dur@ng
”fLseaZ year 1976 the Enayme Teehnology program has been incorporated into
“the Renewable Resourees program eZement and in fhet provides a major '
| ’contrtbutzon to this actzvzty. The Enzyme Technology program consisted of
.many pr@geets that dealt with renewable ‘recources- Zong before the general
current auireness arose and before a fbrmal RANN program uag 1nztzated “As
many szZ recall and remember from.last year ’g eonferenee on Ehzyme
‘ Teehnologyj the program supported research on the conversion of wastes such

as ceZZuZase into useful materials, bzaZogaeaZ nztrogen fixzation, solar to

. ahemteal conversion (in particular bzophotolyszs) and food modzf%catzons and

productzon (especially modzficattons of carbohydratea and. pratezns) These
research actzvztves, aZong with others, now fbrm the Feaewable Resaurees
Jprugram aetzuzty : ‘ '
‘ In terms of the future, the field enzyme technoZogy eontznuee to

grow, not only in RANN but also in. other agencies. waevera program
. tdenttf%eatzon as a separate entzty will not continue nor is it any Zonger
,Justzf%able In the past, some of the baszc eamponents of enzyme technology
have been advanced by the RMNN program but we are now at the stage of more
dzreet applzcatzons : } ‘ : |

The. fundeng of Enayme Teehnology reaearch in RANN durzng the course

+

of this actauzty zs shown.

QQNN ENZYNE TECHNOLDFY RESEARCH

| o S AMOUNT |
FISCAL YEAR ,ﬁAWARDs : - (THOUSANDS)

1 Coaqe) . 831

2 2001y - 1939

73 23(3) - 1 - 2342

74 18(5) 1650

75 .- oe3(s) - 2124

o (mey ‘19(2)“ R : - 1752
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AZthaugh zt has fluctuated durtng the years, gt has remazned .

{ ~fan eesentzal aomponent of the overall RMNN program Ddzi;r amounts fbr the ,;‘

) 7fcurrent f%scal year represent recommendhttons fbr fundtng. The decrease «g";

: Pefiects a t$ghter budget fbr RANN zn general and the aZZocattan of _

‘ ”3-‘reaearch funds fbr other prevtously supportad resource-related actzvzttas R
_ ]of fbrmer RANN divzszons.uk e ' ‘,4 S

7  Ae some of you in thms audzenae know, thzs zs the fburth conférence

E ,_1n the serzea. The first twa eonf@rences comprised only grantees and had
i;Aas thezr obaective the emchange of znfbrmatzon among the varmous Hﬂﬂm
'”A ;supported graups. Last year, thzs meetzng zncZuded useps f?om zndustry
/iand gavernment and consequently %t was ‘the f%rst Grantees~ Users Confbrence-
a fbrmat that was . recezved fhvorubly by both grantees and. users. Thzs year's ‘
»{7aanférenae za completely open to any znterested party*granteee, users, and
'potentzal granteea.,;j' PR e R A S S
S = This aonférenae has sevenal obgectzves. One obgectzve is fbr the
.'Vgrantees to establzsh contacts, to ezchange znfbrmatzon,and research results

' <obJe¢tLve ze to pmovtde a vehmcle fbr the dzssemznatzon of RANN s spansored
(f researah to a wzde array qf ugers.. The terd objectwve ig’ to provzde a fbrum L

:fbr apen dzscusazan and ta obtazn pertmnent féed—back f?om uaers and

v{‘ the Zatter r@mark aZsa Zeads to a. chaZZenge. Because it is RANN'e obaectzve
Coto golve probZeme and the organzaatzun .can deawazth zndzvzduals “from varzousl_”
"ﬁ',_baakgroundswunzversﬂzes tnduatry, and non—profit‘znstztutzons»we encourage” A

'frvm thase that muy dszbr wth our'aur?ent thrusts. wa za/the tzme to come j
o in wmtk 1dea and to offer suggestzons fbr program development and fbr PR e
'f_;Jspeaifhc research.progents. ,j;L«‘<~ SEMEN '. '

e In aoncluezon, 4 should sze to state several paznts that I

}ipersonally f@el are zmpartant fbr yau t0 conszdbrwhen vzewtng the program
: thrusts and $he partzaular prag?ats to Qe déscrtbed wzthzn the next féw dﬁye.

N
N

vand to obtatn a better perspeatzve of the research program thrusts. A second 1  f',-:

L grantees. Ve weanme comments, suggestzans, and crztzctsms f?om aZZ However;’Avn;"

~ not only ¢r¢$zbtsm and open d@bate but also research proposaZs and aZternatzvee |*f 




g
i

us" o

“by K. PYE on. 1975 as :

?éphaps this may serve as a Zobse framewvork fbr you to‘better:

| understand the RANN program and ite mode of operatzon. Progects to' be
: descrtbed during the next few days are only a partzal list tn The Enzyme’

‘ Technology—ﬁ@newable Resources acttvzty, a’ aomplete descrzptton f the f

current program will not be gzven because of tzme szztatzons. The amphasts

vof this conference is also on new researeh thrusts zn bzomass utzlzzatzon,

ﬁnnovatzve biosynthesis technzquesﬁ and fbod systems. As Dr. W&rder will

,poznt out tomorrowu many . of these thrusts are in the Renewable Resources
‘subelement of the Resources program The renewable resources acttvzty i8.
_‘aZso an - gvolving program. The areas that are gozng to be dtscussed are
 'beg1nnzng elements s however, some have been supported in the Enzyme
'Technology program for severaZ years. The program, current and future, i8 also
‘dependent on what other funding agenczes are doing and pZannmng to do.
- Also, many. proaects to be discussed will deal wzth research that zs to be
 'donekand not which has been eompleted,,Tke progeqts also.range f?om basie

to applied research, but RANN does not support"devélopMentaZ work nor

demonstration stage projects. A final point to conszder, ‘and perhaps the
brh-most meortant one, is that RANN usually operates in an, unsolzatted proposal
- mode. -That is, the ﬂeseaﬁch proaects that are eventually funded by RANN are
- research proposals submitted to the Foundatzon zn an unsolzczted fashion by

zndzvzdual znvestzgatars of varzous znstztutzons. Thzs may be the greatest

- strength of NSF for it gives the Foundatzon fZexzsz1ty and the opportuntty
_ to pursue and Jfund noveZ zdeas rot easzly categorzzabZe but which are zmportant
;.and stgnzf%aant. e ‘ ' ' '

Agawn, we heartwly we leome your papticzpatzon to this. conférence,

'and my colleagues and I would be most deltghted to answer any questtons that
you may . have or to hear suggestzons and eoncerns that you may wish to share with .

" .
o

| The soctial plaee of Enzyme Technology tn U S A was summarzzed

 RENEWABLE
RESOURCES

HEI*-\LTH - ENVIRONMENT
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b) EXAMPLES OF PROJECT DEVELOPPED IN U.S.&.
‘ Programs listed below are not all the act1vity in the country
= N ,‘fbut s1gn1f1cation examples ” . : -
Ff@7ef;°huv-f.j T Deve\opment of Enzyme Systems and. Techno]ogy for 1arge-see1e
e synthesus of usefu1 products. At M 1.T. an 1nterd15c1p11nary team has focused
ERCR “on the total enzyme synthes1s of a cyclls deeapept1de ant1biotic, grema-.«
»QVH:;A T cidien (S(G S) Therefore, an eque?iy important segmeot of the reseerch
_ afi ~_program-is involved in the enzymatic regeneration of the cofactor. adenos1ne
S o _‘%:triphosphate from adenos1ne monophosphate (AMP) (see chapter 4- -2).
’ﬁﬂ,?f ' ae ‘ ' - Potentials and prob]ems in the app11cat1on of enzymes requ1r1ng
A wRedox Cofactor were studied in the Unlver51ty of Pennsy]van1a 0 <y
It is the major a1m of ‘the research group to examine the potentials
"'lufor the app11cation of redox cofactor-requ1ring enzymes and to so]ve the -
‘problems which hinder this deve1opment. These prob1ems break down into
o two major areas. The first of these is the cost of the enzymes themse1ves. .
rﬂIt is almost certaihTy true that all cofactor-requ1r1ng enzymes are 1utra-
cellular enzymes and are consequent1y ‘very. costly to produce, recover and
& B _purify The initial costs and the costs of using these enzymes can be reduced " |
e i’_hcons1derab1y by novel methods of purification, such as affinity chromatography,
o Tand the stabi]izat1on ‘and’ reuse of ‘the enzymes, once pur1f1ed, through
HER S ,"‘1mmobilizat10n by any suitable method.. The group is making extensive efforts
"1n both of these areas wh1ch ere. of course, app]icab]e not only to redox -
o cofactor—requ1ring enzymes ‘but to other useful enzymes, also. ' o,
. The second major prob!em area associated with the large-scaie use
i f‘of redox cofactor~requ1ring enzymes is the cost and.removai from the product
'_ifstream of the cofactors themse1ves Redox cofactors, such as NAD and’ NADP,
: ,{are costly to produce, are waher-so]ub!e ;. have relatively’ loW\molecuiar weights,
, . are re1at1ve1y unstab1e under many cond1t1ons and in most cases have a stoichi-
S ,‘»‘; ‘ometry of product to cofactor of 1, as shown in the genera] exap]e wh1ch fo11ows :
AR Ty (dehydrogenase) ey _
A .‘”+NADH D v = A, +\.A‘~NA,D*' , o
(Substrate) (Reduced cofactor) ;“‘]*'~"g (Product) (OXidi:edlcofactor):3 3

ar 5 . SR R - o f.\«




It is the contention that many, if not all of ‘these difficuftiqs

”~can be removed by the one stratagy of éova]ent]y-bonding (immobilizing)

the cofactor to a water soluble p@iymer in such -a way as to allow it to
remain funct1ona1 in enzymatic cata1ysns Th1s stratEQy could 1) lead. to
increased. cofactor stability; 2) increase the. effective molecu]ar weught
of the cofactor thus a11@w1ng it to he d1scr1m1nated from the substrate and
products on the bas1s of size, and 3) a]]ow the cofactOP t@ he retaﬁh@d in
reactors through the use of high molecular we1ght cut-off membrane f%lters
This Tatter result would: alew the mu@t1pie reuse of the cofactors by .
@retaxning them in the reactor. where regenerataon of the cofactor could
occur thhough the use of a second enzymat1c heaction, as d1agramed beiow

ENZYME 1 Lo
p T p— S —-
(SUBSTRATE) = _~~ - AL |
w _ _ (PRODUCT)
; N R Y BT L !
- ENZYME 2. S

- (Cofactor regencratmg reaction) .
‘The major research goa]s are to develop methods for the covalent
1mmob1l1zat1on of redox cofactors such that catalyt1c functionality will
be retaihed and to app1y these: cofactors in the enzyme based pvoduction of
a valuable and cost]y therapeutic drug, chenodeosychd?ate
- Iso]at1on and 1mmob111zation of dehydrogenase and hydrcgenase

are stud@ed in the Unavers1ty of Ca]ifornaa, San’ Diego (N 0. KAPLAN)

in the Unwvers1ty of Oklahoma (S.S. SOFER) -
- In Tulane Un1versity (New 0r1eans) the group of R.P. CHAMBERS
1s work1hg about an effective and econom1c cofactor uti1izat10n 1n
chemica] synthes1s ‘ o ' i

v - Studies of a cata?yt1c reactor using an immob11ized mu1t1—
enzyme system are performed in the Un1versity of Massachusetts (J.R. KITTRELL).

- Immobilized whole m1crobia1 ce115 as 1ndustria] biocata1ysis

1s the top1c of research of Vieth group in Rutgers Un1vers1ty.
' - Different mmcroorgahisms which have been immobilized on coliagen
at the 1aboratary and the processes carr1ed out by col1ageh-wh01e cell
systems are out11ned in Table VIILAs noted in the last column of Table

- Production of drug metabolites with 11ver enzymes 1s done P
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these processes represent a W1de range of comp]exity in- terms of the number
of enzymes and cofactors 1nvolved in each case. Outlined be1ow are the

salient resu1ts obtained in the_labOratory . ; ‘*\. "lQ‘»flr,,f‘ r_~;; ; )‘ ;_’;

Microhe ““"Suﬁsl“r}né c L Produet '_ij";“'(‘omlméni‘m §

Sttepwmyces . (;lu«.me - Fructose uumse ismmemamon, N
venczielae TR G e smgle cnzyme ymess R

n"*“"'““‘“‘“‘ -@af e LR s R I T L

L Seechaomyces  Sucrose - nvert sugar "','.Sinﬂc'enzymé“, ey
ceremi.& S = o SRR R
) i A o g ‘, v" b i

E“"’“"‘““’“u /LA*“Pahit"‘;ﬂii‘d',Fuma_riéaacid Smgle enzyme B

L Nocardia: - Ch”“’m"’l '{34‘:C?léleéﬁeh‘dnfe ‘Determination of semm

emhmpolis b UL e cholesterol; single o Vo

o enzyme

B (‘ofynebastenum Hydre«.musune Ptcdnlsolone - Steroxd modnﬁcanon, Rt - o
l 3""[”@)‘ L ‘ L v i o " R e o ﬂngle enzyme with' " SRR .
4 L ‘ BRI T \ Lofaetor requnremem

' fSemua . Gluguse. . ’Keto glucum-.. ,Muln-enzyme

mart.esv.ens f SRR md e ‘ )
Corydebucteripm‘ (:Iucuse f i Glutamie acid - P.uhway (pnmary ‘
lihum e T .-,';:f‘_metabohte)
Tr :
g : i
r

: milmwr Enzyme production of fructose is stud1ed at Purdue _
Univeréity, Indiana (A EMERY) and at Iawa State Un1vers1ty (P J. REILLY)
”“; - U.R. SRINIVASAN and h1s .group are. work1ng on’ Enzymat1c SR

saccharification of ce]\uiose 1n Louis:ana State Un1vers1ty
e Conversien of cheese-whey waste 1nto valuable products us1ng

‘imobﬂ‘i‘zed enzymes 1n f1u1dized bed reactors 1s performed at Lehigh Umversity
(BETHLEHEM P.A. ). SRR i :

e N1trogen fixat1on wmth 1mmobilizedA Vinelandt celléeiS‘stqdjedr;ilfff -

t the Universlty of Virg1nia PR : : ‘ ;
L“ \»‘_ ”_;V';[* Ut11ization of 1mmobi1ized su1fhydry1 oxydase for treatment of
' ; ultra*high temperature ster111zed mi1k is deve]opped in the North Caro11na A~;;1

State Un1versity (Ra1eigh)
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Fome

‘Mexico,'

These above examples give a good idea of the leve] of researeh
activity in the field of Enzyme Technology in U.S.A. The spectrum of
app]ications is obvious1y wide]y open Va1ue added for. Some enzyme process1nn

" s g1ven TabIe VIII.

6 - 3 In other countries ,
| The point is not inc]uded in the terms of- reference proy1ded by

L the comm1ssion but several otheroounﬁreeare active mn Enzyme Tec hnoiogy

o Israe1 has performed a research of h1gh ievel on Immobilized
Enzymes and the Weizmann Inst1tute was a pionner in the f1e1d The Yeda
Company devoted also a lot of energy to the topic. i '

' " . Sweden was also a p1onner country in the fme}d and the work of
the groups of MOSBACH {Lund) and PORATH (Upsa11a) is we]l known all over

~ the world.The Pharmacia C0mpany is very 1mportant in the markem of Gel
B chromatography, affinity chromatography and 1mmob111zed enzyme '

= In Switzer1and Numerous Laborator1es are active ‘and the Nestle

' Company is- devot1ng a. big effort to the subject.

= In Finlang, pe0p1e are very active on Enzyme Technoioqy dealing :

with ce11u1ose (Group of Pr LINKD). .

Loe In u.s.s. R. the interest for enzyme technology is strongly increasing;

: and sevepal groum are. actwe in the field espec1a11 y the 1mportant group of
N BEREZIN The country is planning to promote industrial app11cation in - the fie\d

‘ ."- In Po1and Hungary, TchecosTOvak1a s some act1vity is going on -

1n the fie1d * ,
' = In East Germany several groupsare very active especia?iy the group

: of LASCH - and there 13 no doubt Lhat 1ndustria1 app11cation will come qu1ck1y

now. S S .
o ,"— In Chlna, 1itt1e 1nformat1on 1s obte1ned but papers were pub]ished
“on the top1c. “,.» S | , I :

\ - In Egypt a grOUp ( EL RIFAI) 1s aotive in the f1e1dvof enzyme

oy
"Y‘EHC’FOY‘." S . _ a

i

' ‘\,— In Guatema1a a progremm 1nvo1v1ng the\Central Amer1can countries

is’ start'tng, . 5 ,
- In South Amer1ca act1v1ties are ex1sting 1n Brazi1 Argentina,/\ :




o emmzecs

- In. Canada severa1 groups arL very active. The greup of LAIDLER

‘TS productwve in the study of kinetics f enzyme reactors and T.M. S. CHANG

is very well known as the "Father" of 1groencapsu1ated enzymes.
- In Bustralia few laboratories are working on the,top1c '

A1l the papers and‘patents are Tisted together in the«appendix‘JV‘; )
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i . ECE

1_7 -1 Is a commum.ty actlon JLlstlfled 2

e the document '" Applied Mo]ecu1ar and Ce11u1ar B1ology"; .
Brussels. June 15 1977 a chapter was 1ntit1ed " Is there a need for a

- Community R and D program in molecular and celiular biology". A first part RV

“ fof the chapter was devoted to " The B1ologica1 component in ong01ng research

SR programs ‘of the comm1ssion S o

'\"'f“ A number of programs are present]y carr1ed out by the comm1551on for

E l‘coordinating and sttmu?at1ng research dtrectly apptmed to agrﬂru!uuregl

z medicine, life in society,. radnat1on protect1on preservat1on of the env1ron~‘ r;’“
ment ‘and the ‘use of solar energy These activ1t1es each of which includes R

' ‘.‘}bio1og1ca1 components are essent1a11y executed 1n support of sector1a1 pol1c1es-

 “ of the Commun1ty and are faTltng exc1us1ve1y W1thin ‘the group of app11ed :
f»research which is not1vated by certain pract1ca1 aims recognfzed as immed1ate1y :
'important for the‘Member~States. The obJect1ves are focusing on relative1y B
" short- term" assignements such as the def1n1t1on of radiaticn hazards, ‘the ":f

N .;,,immediate improvement of plant spectes and’ 11vestock or the 1nventory of
"",V'b1o1og1ca1 damages caused by poiiutants No attempts have yet been made to

‘”promote the new bio]ogical revo1ution, that is to. say the understanding and
= “control of the mo1ecu1ar and ce]lu1ar bio109y of man and of organ1sms
*‘ffimportant to man“; T AT S L - 2 ,
o Some of the most. 1mportant prob]ems to whxch the Member-States '
| —are presently‘confronted are well- known and concern ;‘; ‘ . o
- = food product1on (reduct1on of costs and improvement ef quality)fvv
| energy supp11es s , -
improvement of the ba]ance export/nmport o }
preservat1on of .the env1ronment R AR Tan
health and the adaptat1on of. man’to modern soc1ety o

'1 ‘r"a

.‘;‘

. Such preoccupat1ons corresponds exactly to those which are motiva-' |
twng certain 1ndustr1al nat1ons outs1de the commun1ty, espec1al1y u. S_A and ,r: \
,,‘Japan, to 1nitiate 1arge act1ons in Enzyme Techno]ogy (see chapters 6 -1 and -

‘ rG - 2 of the present report) At the moment in each member state and in
_ ‘.Community as a who1e, the def1c1t in trade and in the balance of patents (See
‘ ”'appendix I, II, III ) for product1on methods wh1ch belong to enzyme technology, o
".» is 1arge and significative of . the state of advances in countr1es like: the U S A o
_:and Japan : it , S el « 1 ‘




_The ec@ndm%ca?,’industrial"éns1yt§ca1/andnmédic51‘potentia1€tﬁes ‘
. {see chapter @) are so enormous that the central question does not concern " B
'Vthe importance and need, cons1dered as obvious, for research in such field,
but, specifically, the necesswty for Community act1on in the Member States.
) Is 1t in other words, considered urgent and desirable that the Member-States A
| ‘assocmate ‘their competences for def1n1ng a common R and D p011cy in this area .
and for moxam121ngg through the ‘execution of communtty actions, the1r contri- .

butmon and partwcxpat1on to the s0- ~called bioiogica1 revo1utmon ?

When r@@d%ng the app@nd@ces I, 11'and 111 with patents 1isted for
the Member-states, for the U.S.A. ‘and for Japan, it is. obv1ous that each’

‘europesn country aione cannot try to compete with the U.S.A. and Japan.

- The answer to the quest1on of a necéssity for commun1ty act1on
appears cleariy positive. Common action by the Member-States in the field
of research dea11ng w1th enzyme eng1neer1ng is highly Just1fied because there
is a need for yon y _ : R :
- the mobi115at1on of competences and of potent1a11t1es
- = careful planning and coordinatwon of activ1t1es '
- SUpport of the sectorial po11c1es of the . Comm1ssion

The task to be performed, name1y product1on, stabilization and
~exp1o1tat1on of b1ocata1ysts, requ1res cons1derab1e sc1ent1f1c and techn1cal
.imput large scale production of enzyme by fermentat1on, pur1f1cat1on with -

sophisticated biochemical methods (e.g. aff1nity chromatography), chemistry
. of 1mmoh1llzation, kinetic studies of heterogeneous enzyme systems,vmodei1zat1on’
. of bioreactor and so on. In order to assoc1ate physmcist bmchemﬁsts chemist,
~ chemical engmeersB mwcroblo1ogﬁsts for the programme, it is necessary - to use .
all-the potentaalittes in the M@mb@r«States Obviously, success will not be
N ach1eved if full use is not made of the few outstand1ng groups and of the
fac11it1es avalaible in the community. for performing some of the more d1ff1cu1t
,.research needed. 0n1y very few centers do exist.in the commun1ty which are.
‘equiped. and organized for the execut1on of specific task required for modern
appl1catlon in enzyme. technology. such as the existence at the same p1&ce of
- biochemists experts in enzymo]ogy and of chem1ca1 eng1neers experts in mass—
transfer and’ reactors The assoc1ation of the two expert1ses is necessary to
promote bioreactors. These centers should be mobi]azed and organ1zed in coope-
rative projects in order to achweve better overall efficiency and reach the
cr1t1ca1 mass necessary for opttmum product1vity :
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The 1auch1nq of a 1arqe sca%e act1on in the fleld of enzyme |

| technology needs the estab11shement of pr1or1t1es and the careful distri-
1 bution. of tasks 1n ‘space. and in t1me “In each country with a so 1ittle number

of nat1ona1 experts the coord1nat1on 1s mean1ng]ess and the piann1ng is

'poss1b1e on]y at the commun1ty level. The enzyme technology is dependent on.

the enzyme product1on which in.turn will depend uvon -the genet1c engineering
programme Hence, many laboratories of d1fferent vocations 1n the commun1ty
will reach a stage of 1nterdependence and w111 have to orchesten most care-
fu]]y their activities. ‘Many pnob]ems will ~emerge but their so?ut1ons should
be greatly fac111taﬁed by the fact that research in enzyme engineering is

only at a stage of early development in'the Member-States and thus part1cu1ar1y

.’su1ted for stimulat1on at the european 1eve1

" The stwmulat1on of 1arae scale deve?opments in the fields of enzyme

v technology ond b1oreactors rrou1d support the\present sector1a1 objectives of
‘”the commission as.regards opt1m1zat1on of food product1on, protectwon of health,
1mprovement of the export/1mport ba]ance and 1mprovement of 11fe in soeiety

. the optimisation of- food production. can be done by a reuse. of 1ndustr1a1

L wastes - more.eff1cient use of natural nesouncess replacement of chem1ca?
_’processes by b1ochem1ca1 processes, 1mprovement of quallty of product.

the protect1on of health can result from : decrease in pollution in:

-r1ver and seas, decrease in air pollut1on, s1mp11f1cat1on of maintenance of

fac111t1es and decrease in labor accidents, medical applicat1ons of enzyme
techno1ogy‘(see chapter 4 - 4) product1on at 1ower pr1ces of phanmaceut1ca1

-compounds,

.. the 1mprovement of the export/1mport baTance can be obtalned by :

reuse of 1ndustr1a1 wastes, decnease in dependency on, Petroleum in Chemical ,
;Industry, decrease in. Imports of raw materials, 1ncrease in- Roya]ty from abroad
We may ment1on the ecohomic 1nteract1on of the European Community with other
‘;parts of the world, espec1a11y the develop1ng countr1es For many raw materials .
"“(1nc1uding agnicultura} producte) Europe 1s strowg1y dependinq on 1mport
"To strenghten its economnca1 and po11t1ca1 position a shift in the ba1ance

export/1mport would be favourabie. Therefore, a1tennat1ve production and

- recyc]ing methods, wh1ch 1n1t1a“1y may. not be very econom1ca11y profitable,

may become s0 in due course. On the other hand, certain production methods
which are of no great importance for the European economy, may be used very
eff1c1ent in deve1op1ng countr1es o ' ! :




.an 1nd1rect one.

i

T improuement of life in socaety In the sectors deaimng w1th the!
Jmprovement of 1ife in society and the protectﬁon ‘of our environment

* important contrmbuttons could be made by the enzyme eng1neerano whtch may
allow the promotion of new types of 1ndustr1a1 btoprocesses less detr1menta1 v
~ to our env1ronment ' . ‘

In conoiusion for at? the above reasons a commun1ty actmon is

- a neceesaty e L o

e Is_there any overlapping with existing European
ro ramme ?. g

European Mo1ecu1ar Bio1ogy and European Mo1ecu1ar Biology 0rgan1-

»[zatwon promote science of a. very high 1eve1 by support1ng people, 1ndiv1duals_
‘ who qualify on thelr scient1f1c standard They maintain-a h1gh scvent1ftc

1eve1 rather than develop1ng a research policy’ as such, If there is a scwence

s polacy under the umbre]]a of EMBC: and EMBO it is restricted to the very
_ genera] po?icy to help the moIecu?ar approach penetrate in c1ass1ca1
1subdtsc1p?1nee of btoiogy at the fundamenta] level and consequently espee1aiiy>‘
Sin those Fae]ds where purely sc1ent1f1c progress is in. easy reach EMBO

. has no- 1nf1uence on mission oriented research : s :
g tompar1ng the sc1ent1f1c and organ1zat1ona1 act1v1tnesat the 1nternationat

e Ievel in Europe, one. conc1u$1on is obv1ous f An EEC program in enzyme

eng1neer1ng wou1d be complementary to the current and future EMBO program
and certain]y not’ overlapp1ng In conc1us1on there is no organization or
organ1sm at the: European level 1nterested in the coord1nat1on or plann1ng

o of such a program and the EEC has an. 1mportant ro]e to play

7~’ 3 What 1s the right level for a community action 9‘

He have demonstrated in chapters 7 -1 and 7 -2 the necessity

- for a commun1ty actton in the field of enzyme techno]ouy Rema1ns ‘the questxon |
N whether a "concerted" action. of member states, in which the EEC acts as |

conductor only, woqu suffice. Such concerted act1ons may funct1on reasonab]y

‘ :weli if agreed between . two or three groups If the EEC conductor is to have
- some, real 1nf1uence on & more comp11oated CONcerted act1on at 1east a fair

amount -of budgetshnnd be d1str1buted throuoh 1t and the act1on woqu be

n
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t is important for the European Community to have “Les moyehs

| "5h,h de sa politique“ on an ahother hand it is my Opinion that applied bi@i@gy ,

\1n the fieid of enzyme en01neerina

"~ does not Justify a direct’ actien ‘of EEC in the field on comparabie to .
- EEC's efforts in the recent past on nucTear energy and future efforts in
= the fieid of nuciear fu51on oy _d¢i“, = - '
_ There 1s as yet no 1arge enough biolcgy'group at a JOint research cehtre of .
R suffic1ent1y high 01ent1f1c standard to move into the field. successfmiiy
”~fjahd the cr@aticn of a hew cehtre is iikeiy heyond th@ p@iiticai p@W@r of EEC&"v‘
"-at this very‘moment o " ; ' : ‘ SRR

Moreover, we canhot nEgiect some disadvantages of iarge cammunity

Lo hfinstitutions functionning as centers of exceiience, espeC1a11y from the point
: _”,of view of flexibility, when the project appears to be less successfui than
’ifﬁvexpected This is wel] known by exper1ence, not on]y from EEC instituti@ns,'

" but also from others in Europe and in-the U.S. Therefore to avoid such
"1risks,: there is. much to say in favour of an action program (indir@ct aciion) E
in which the research is performed by geographically scattered greups, operating
B under contracts The indirect action is obviousiy the oniy soiution to L

o jpromote the interesting characteristics of a community action defined in

‘ f 7-1: Mobiiisation of competences and of potentiaiities in ali the -

European Community. carefuT pianning‘and coovdinations of activities of theﬂ‘ ,]h’h

jmember states ifylff E

In conclusion the best solution 1s an indirect action of the EEC
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The*possib1e topics for'a community action described in ‘the
chapten result from discusslons with more than fifty european scient1sts |
",1nvo1ved in the field. The first point deals with the r1ght level for a. com-
munrty action : basxc research app]jed‘research_or deve}opmenc'?

- Due to‘the time‘lag betWeen the present time and the’dctuai

" starting t1me of the program (rough?y £wo years) it 1s difficult to choose very
~ applied topics. Both 1ndustr1a1 and ecohomica1 situat1ons can be modified wrthin
/ ;this period ) ‘ o

- In any program there are problems 11nked to the patents The troubles

~are less 1mportant for programs dea]ing with bas1c research than: for very
applied programs L R \

- European industrwes are ab?e to work on R and D programs out key
scient1f1c pownts needing more bas ic research are far from their possibility.

- ~ An enzyme technology program dea31ng w1th a basic research could be useful for
rfseveral european 1ndustries . | L : S

For the above reasons it 1s of 1nterest to develop a program of

‘or1ented research at a basic Tevel. , : - ~

In preV1ous chapters of the report the present knowledge in the field, .

nthe’situation 1n industrialised countries and the economicaT potentialities
are d1scussed Present enzyme app11cations are dealing with reactions of

degradatﬁon and/or oxidatwon It will be usefu] to develop more sophist1cated
systems able to performed some b1ochemica1 synthesis useful in-fine chem1ca1

‘ pharmaceut1c and: food industries. The goal of the action must not be a
‘repitition of ‘program performed elsewhere (U.S.A., Japan) but & development
_of enzyme systems of the "second generat1on“ For instance in the field of ‘
‘ ‘dimmobi11zed enzyme the. Program must deal more with the application of enzyne
~ in abso]ut1y new domains than witn the replacement of solubie enzyme in

ex1st1ng processes
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The goel-af the program wou]d be the development of more seph1$t1cated

”ueWZyme systems in erder t@ elaborate new processes

o The present report is occur1ng at a- too early stage way exaetTy what
prec1se enzyme system must be studied and developped The program can be .
defined in its genera1 1\gns MultienZyme systems ab1e to perform synthes1s of

;gveempeunds of interest must be stabi11zed and used at three levels : purified,
‘within subceiiu?ar structure or w1th1n the who1e cell. The program can_ 1nclude

als0 the pwrnfﬁeetﬁen and isolation of 1nterest1ng enzymes or’ b1010g1ee1

rstructures In the freme work of the act1on ‘the . problem of cofactor (e.g. NAD,
\NADP,'ATP) regenerat1on is ‘an 1mportant poﬂnt and must be studwed by the. .

fthemical bmochemlca1 and, electrochem1ca1 ways. The 1mmob1lization and stabili-

sation of organel]es and who?e cells must be:. studied 4n details. The probiems |

‘eam be studied from dwfferent po1nts of view. and must include :

- organ1c and pclymer chemists dea]ing w1th the enzyme 1mmob11msat1on

and stebmﬁasetwon.

e b]ochemwsts work1nq on bwosyntheS1s and on the study of mu]tienzyme

. ‘eyseems vnc?ud%w@ cofactor regeneret1on

B mierobvo1og1sts producwnq en:yme offinterest as weii as pur1fied

’ce]ﬁu%ar structure

- b1ochem1ca1 ena1neers dealwng w1th the desvcn and the study of

_mult1enzyme reactors.

- e?ectrochem1sts work1nn on . b1o¥ogaca1 compounds inc1Uding cofactors
S b1ophys1ctsts us1ng physwc wethod to 1nvestxgate biolog1ca] functwons

' The program dea?1no W1tn mo"e sopn1st1cated enzyme gystems ab1e to -

‘;develep some biochemwca? synthesie’ must Se app11ed tn :

- New _processes for prcﬂacwna.su stzrces cf 1ndustr1a1/1nterest w1th a

’eh1gh added value (e.g. transformaticn of sterr1d= ant1b1ot1cs, f1avors)

i«- New 3ﬂ31yt1cau app]?ea wnrs veing erizyme electrodes for both -

~‘medec1ne and 1ndustry For 1*<*aﬂee *"a Je e»cwme*t of,enzyme sensors for in
. vivo use (e. g artificial ~ancrec ,g,fre‘éﬁrjffe conteol of chemical or

bmechem1ca1 processes

/",
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R ‘,w New med1ca1 app11cat1ons, espec1a11y b10chem1ca1 prosthes1s Untvl N
| Y_ _ '% ‘naw prosthesis are ma)nly based -on mechan1ca1 or physc1a1 propert1es the use

- of metabolic function in prosthesis is to develop. For instance it could of
"1nterest to study and deve]op some art1f1c1a1 11ver functions (e g detoxvfication)f-'

; The genera1 1igns of the proposed program are def1ned but we are
'at a too ear1y stage to glve more deta11s about the action. For 1nstance 1t
o wauId not be rea11st1c to def1ne what enzyme systems must be stud1ed

, A goal Qf the'aCt{Gn'is‘aJSo:theitraining of.pecpﬁe_in the fj@idn\
‘in order to help the development of the European Industry in Enzyme Technology.
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1 thtnk that the management pr1nc1p1es of the program dea1ing ~

with "Applied molecular and eellular biology" must be the same for the -
three fields (Genetic Ene1neer1ng. Mo]ecu1ar MedeC1ne, Enzyme Technoiogy)
In this way, the management prinC1p1es presented here are identical to
_the principles tntreduced in the report of A. RORSCH dea11ng wvth "Genetic
‘ mentpulatiees in eppited bxo?oqy"‘~

9-1 Initiation ef the prejects :

In ehepter g, prenecte have been euggeeted to be underteken under

‘h”the generai he@d‘“? "E"Zyme Techn01egy“"'

Here w1th as A, RORSCH T propose a gradua1 1ncrease in the size

‘of the program over a first 5 year S period DG XII can se1ect 2 or 3 preaects

of '3 or 4 work1ng groups. of outstand1ng qua11ty to. be supported from: the

begtnning The total number of groups would be 11m1ted to ten.. .
¢ In each project this sma11 number of groups may serve as a condensing

nuycleus for the en?argement of the proaect By open advertissement ‘other

\ reeeerch greupe may be 1nv1ted after a two year S period, to join the

pregram DG XIT would ask the op1n1on of two referees and the opinion
of aiready adopted" work1ng groups o S

9 - 2 Elements of the manaaement structure

In the ideal’ judnement procedure for. research projects the referees
should not financ1a]1y profit from the. fund-g1v1ng scheme themsélves.
The problem is s1mp1e the best referee are also the sc1entists in a parti-
cular field who mertt fundlng. A, RORSCH in his report propose a so1ut1on :
“In the partwcular program propesed here, we - have ment1onned five maaor

‘ proaects which are strong]y related to each other and therefore the sc1entists

in one major project should ‘well be capab1e to Judge the research to be

performed in cne of the other maJor ‘projects. If this method of judgement

is adopted at 1east some degree of detachment is 1ntroduced“
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-4 7 of the
N S research

Present .
-State

. goals of the

3 program

. Expertises O
oNeeded )

L Qprosthesis o for both /‘:’ Pharmaceutwcal

v(nm7fyuemfnédiéaqgm - TMew]AnhTytfc51"“ New Industrial - = e
A Applications ?5~App1icafidhs ‘ Applmcations ;«5 ST

i ngvgr‘functipns) - Industry (On i Industry

T A B L E IX

SCHEME FOR A COMMUNITY ACTION

_f¢,frresent know1edge of Enzyme Techno!ogy (see chapters 3)' wZ
o ,Accomplishments in the. member-states | "

l l ‘:1‘ T

o Techn1ca1 use of more sophmst1cated enzyme reaction in

~ order to- perform synthesis with : L
‘“_j s -multi enzyme systems including cafactor regeneration 3

./ - stabilised subcellular structUre o |

. "\\‘

L immob111zed whp1e ce11s /f

'fOrganic and polymer fﬂl‘ﬁr'ff‘ﬂaﬁzmm'BipchemicaliEmginéerfng -
, chemistry RS EE L ‘

; B1ochemistry e R \ifff’ ~  Electrochemistry
"Microbiology L D “r;ﬂ7*‘f-Biophysics h

| *Bioéhemica1']vf - Enzyme electrodes (F1ne Chemicals, 1‘\
{e.g. art1f1cia1-‘ ¢Medec1ne and ‘j Industry, Food
- Tiné'ébﬁfr61'of

“'Y;fg*m!,?” g ‘,;bioreactors and
Tl "~wf‘f'“art1f1c1a1 pancrea)




and the DG XII has to seek adv1ce out51de of Europe in plus..

e o ,
In my op1n1on this method of audgement mud:be on1y one aspect L

In the field

of Enzyme Engineerang research proaects could be refereed 1n ‘the U.S.A.

or. in Japan - e it : ' 4 ! )

\ t An annua] ‘meeting. with at least the proJect and ass1stant proaect

leaders cou1d be organ1zed in a centraI part of Europ L th1nk that a common

meeting for aT] the "App11ed Mo]ecutar and Cellular anlogy“ program would )

“be st1mulat1ng and usefu] The' main european 1ndustries 1nterested by the

top1c must be represented durdng the meet1ngs It 1s important to promote

s, also meeting not on1y between senior sc1entists but a1so between young -
- researchers and o]der sc1entists The v1s1ts of researchers in labOratories

. are also 1mportant and exchange procedure coqu be very usefuT for S
Promot1ng the col1aboration work\ ";" P e ‘”'] .

9 -3 The orooosed structure S S
In order to fac111t¢te the unificat1on between Genetjc Engineer1ng \

: and Enzyme Engineer1ng my propos1tions are 1ntroduced 1n the frame work’

proposed by A RORSCH. o . . ,
f 1- Each research group, supported under contract w111 have a
research and one or two ass1stant research Teader. c '
2 - The research group are comb1ned in proaects corresponding
to 2 or 3 of those ment1onned in chapter 8 Each proJect will compr1se 3
to 5 researchs groups ‘ C
1 3 - The research 1eaders and 2 e]ected scxent1sts per group form
together proaect committee, the govern1ng body of the project The _presence
of re]ative1y young researchers in it would be of 1nterest The Chairman‘»ﬂ
of the project comm1ttee‘1s elected for. .one 'year. ‘ S
e 4 - The project committee is responsrble for the research proposal
of the project as a whole and the annua1 report The’ 1ndiv1dual proposals ‘

of the research groups in the proaect are refereed 1nterna11y and

o 1nternationa111

. @85, ”,.‘
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5 -tThé,tésearch'proposal»of,the—project committee is refereed
by two sciéntiSts—frOm'other project committees,'toﬂbe appointedkbthhe
E.EiC. and by at ?east one referee from abroad o
. 6 - The manag1ng comm1ttee of projects is formed one ha?f by the
jChawrman of the pr@ject comm1ttees and one ha1f by the E E C. staff

9 =" 4 The time' scale

‘The time schedule pr@p@sed by A, RORSCH is the omWy p0551b1e in the
pregent tondttm@ns ‘
"It is assumed that a program in app]1ed.ce11u]ar and molecular bvology
could be started 1n 1980 If the EEC ‘could decide a year 'in advance which

 pesearch groups 1n each proaect will form the“condens1ng nuclei of the _
program, “from those reseatch group 1eaders,a first managing committee could

be established. In a later stage the chairman df project committees could
be- elect@d by the committees th@mselves, but f@r the first: two yéars {year
0 and 1) co-optation by the EEC seems ‘to be necessary. .

2 Durtng the year,. preceeding the start of the -action, the managing committee
, produces the guidelines and Tramework for a five year's research proposal,
. taking into consideration the advice rece1ved by the Comm1ss1on and terms

of references to be prov1ded by the Commiss1on

'The execution of the program will start w1th a smal] number of working groups.

After one year other groups in Eurepe are 1nv1ted to submit proposa]s by open

» advertisement" IR B

'Q.wisthxﬁiidntﬁ?an mmﬁml'Emmxanfprhxyintﬁmﬂied Bﬂﬂ:gyf
- ‘

An annua1 pr1ce would be very usefu] for promot1ng the Applied '

‘Mo1ecu1ar and Cellular B1o1ogy among . Member States The pr1ce ‘could be of

rough]y 40.000 A, u. (at 1977 price inde<) Three names would be confidentmatly ‘
proposed by the managing conm1ttee to the DG XII and the award would finai]y ‘

attribute by the' head of the DG XIT after tak1ng into account the uptnton
of 3 referees from abroad
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X ROVISIQNAL ESIIEA 13 ﬁﬁilllﬂﬂi.

10 - 1 Contracts S :

" The best solution is to app]y the f1nanc1a1 regu1at1ons of E.E. C
for indirect act1ons ‘Both E.E.C. and the organizat1on of the research

‘ group contribute financially to the, agreed résearch proaect ;

The contracted organ1zat1on is in add1tion aiso resp@ns1b1e for the

overhead cost (bu11ding, energy). ASJA RORSCH T think that each research '

_group must be of cr1t1ca1 s1ze (8 @r 10 301entists) The project’ and mahaging

commwttees will have to qheck that people 1hc1uded in the propesals are

i actually work1ng on the subject. Before any funding, a member of the E.E. C.

staff must be visit each research group and dlseuss in deta1ls the actua1
fmeans to be involved in the progect If the groups are f1nanced 2/3 by.
-:the contract1ng organwzat1on and 1/3 by the E.E.C. the annua] coét for
each research ‘group - “the E.E.C. would be. of one thlrd of 9 X 60 000. A U., that |
is to say. 180 000 A.U. (at 1978 1ndex) ' ‘ :
10 - 2 Timing of budget _ e . : :
- The program would start at the end of 1979 or at the beg1nning
of 1980 wlth about 10 groups for the program of Enzyme Technology
- In 1982 the number. of research groups should be 1ncreased to 20 or 25 S
‘ ;W1th the poss1b111ty of fund1ng sma11er groups at this stage in order to C
add all the european potent1alit1es to. the initial nuc1eus formed by

L ten wel} structured groups in the f1e1d

40. 000 AU wou1d be devoted each year to the "European Price of App11ed
Molecu1ar and Ce11u1ar B1o]oqy A specific budget must be prov1ded for
‘annuaI meetvngs 1nvolv1ng granted researchers and 1ndustr1a1 potent1a1 users.
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K ““'hfifunder contract’
‘ 1Q;organ1zat1on of
: :°;m@eiings
: et 3;;Eurapean pr?ce
1981 s -in 1980, with
LT -fanf?ﬁtiOn cgrrect10n

e
ST 1Fqntract but w1th some
@sma]ler grOUPS

A"'

”tﬁzkaurcpean Pr1ce

T g in 1982 w1th
”T':;_lnf1at10n correctwon

?Cxlgucorrect1on

o ﬁ£:qrgan1zat1on of meet1ngs o

' Asiin 1983, with 1nf1at10“ ;

i BUDGET‘AT 1977
PRICES -

!fflO wmrking groups ;f'i;BOO;QQQfAng .

£525 wvrkzng groups under 3 600,000 A U

7 BUDGET wiTH
 INFLATION

0 100.000°A.
. 40.000 AU,
2,300,000

e
_‘;szb;déosf?i,:!?lt P
e

o ?->,°¢65§0?5‘ } -

5,300,000

A ”“}wl,i;

+ . TOTAL BUDGET FOR 5 YEARS PROGRAM

e R

19,580,000




