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Avbrevietions & Syubola
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2 J~dinitrovhenyihydrosine

3. 5-dinltronalieyiie seld
dithiothvreltol

2 2%dingo-{3-athyl * benzthiazoling-G-
milphonie neid)

TUB enzyme wnlib: 3 unlt is cuuel vo L micro~
mole of subsbrate converted to produet per

win vnder the conditions spocified.

Yhere possible, all othsy pbbroviadions end sywbols

econforn with the recommendations in Whe Blochemicnl Jouranl,
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A smher~ingoluble onzyng may be operationally devoribed o
on ensyvae whick hag besn rondersd -functionelly insoluble by one of o
variety of provessaes, Fopr szamye, the onsyne may Do gither coeludod
within a pol nsetr:iw the pores ef xm leh are 400 wmell Yo allov the
eseapz, m:' enhmm’aea proteing et onbe s Snent jusoiuble roly-
nopie mm;‘*orb mtsria:l' eumian%ly’ bouad ’c.b on insolubls zﬁalyﬁiezrie
:upm% vcz*bwm‘! or dnooiubilis 10y aroesn a«liakin@ 0f the enzme
neobein mlﬁcm i bhornelves theeush o bifunebional rosgent, Duving
the post Lwenbdy yeors mperous Imuobllined enmyme sabructuves bave besn
deseribed and. over G0 differont onsymss hove boon ixmobilized onto one
oy worg of 150 ﬁz.fzeren-&. m%:ruci:m:ea (Gralcimn e«,. alyy 19?:&}. Congoauently,
the itaereture to ddts i:oni.ﬂ*tm 2 vcalth c.zi’ rht lbmg oha ax Lorent
counting temmiques and E;uppurt stz‘ue‘bureaﬁ z-:h‘l‘ch have baen ua‘eﬂ._ foyr the
proporition of invobilizod e}nz::emé derivatives. This vork has been.
eouprehensively wevicwed in & nuwber of good reviov sriicles (Siluon &

Kodebalakd, 1066; Holrose, 1071 Goldmon o al.. 39T1).

. The ..mpemtx o t‘ae: m.uﬁy of‘ ilmnebx.,i imod s'm e denivad we"
hap urimcn px'in& ipelly from the intevesting ond mw_l Ry shat thone
mcz:uerieﬁ.s afi"em Tor the uoe of onpymes, Por insteness It is pounible
w0 gonaelve of flov processes wheveln the fmeodbiltined enzyme woy be used
30 continuownly offect conversion of its cubstrote into profust, In
thie. regpeet dmmobilized ensynes hove boen used in packed bod reactors
and stivred fonk xemﬁorm Clearly opersitions sweh oo 1;1;@:5:;: are not
Penoiblo, with the some »:Tiézg;x*@& of foeility, waing Lhe earraspmﬁiug;

soluble onmynes. I:‘v vi rum of Lhoir phyoical form, nmmo’o ilized envynn




devivotiven con be eoelly rocovered from veachtion media; for example,
by eenvrifugation o Filsration, Heneo Hhey moy ba used repsnbeddy,
conseauently. affording o conoidarable finoneial saving dn termo of
ensyine ubilisation, .. Finally, sines She immobilized engyne
derivatives can bo vemoved from the ravetion weldla, the recchion

products thenselves ore not condeminoted vith enzyme probein.

Purthermore, in mony instonees % hes been wbserved thab
tha stability of on ensyue 1o cnbanced by ite lwwmobilization (Sundavos
& Fornby, 1970: Harshell ob el., 2972). Thie mepns Hhot 3'.mn£al§ili:;eﬂ
cnpyme derivotives gon bo used under more %mtizagpma;etimi aonditions
ghorain the sa’iub_la ensyne night be nnetable. Conseguently, i% oo be
aepaed thot inmobilized derivabives of ensymen provide o very practical
wmenns of ubilizing more ai’i‘icienﬁlf the. eatalybic votentinl of cnaoymes,
As n presult of this several pm:,rmmt:{vé pr'c»cenms\, vhich involve the
uge of onoymes, hove been desoribed weilising duhwbilized enuyoe
depdvabiven. Tor insbonce, Lo nane ‘b‘i_ﬂ: 8 Yaw, imaobilized omylo-
glueos:icmm hies been ussd for the continuons conversion of storeh to
glueose (Sulley, 1971). Hold onivoncvlase hog boen cdsorbed onto DRAR-
goellulose and used in the form of o pocked hed for vho eontinuous
rocolution of synthetic nuine oelds (Tosn ef ol., 1067). Tinnliy, Seld

s ot {1969) used on inwmobilizod derivntive of ponieillin owidose for

#

the conbinuens production of G~ominopenieillenic aeid, which is used for.

the formetion of synbhetie ponieilline,

Anolytical blochemintyy is an arco where enpymer have boen

suceessPilly exploited. Thelw opplicution In this £leld awonates feom
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the specificity. vhich enzymes excreise over the resetidons that they
poialyse. Conscguently, the inclusion of an envyme os on onalybicel
roogont for the detorminetion of its aubgtrate is en extraely faeile
way of immd&éinm specificity inbo on analyl;iml-prbcedumo Tor
exanple; S$he 'speeific detovnination of plucose In the presence of
other monosacehoridss, such as {ruactose, is not Teasible with o non-
apselific weducing sugary method such os the widely uped alknline
Porrieyanide .pmec-zdm’e:. Howaver, an ‘enzavme baged assoy v%hema only
the glucoss i apeeifically nedified can be used o a-:ﬁ;erﬁxing gineons

in the pregence of other reducing sugovs, Fér imstance, glucone
oxidass cakelyses the couversion of glucose té g].uooxiic ac:ic{, axlxd‘jﬂao 0?
The lotter can be subsequently estimated by conventional chemicol
methode,  Alternadively, the glucose c¢en be éémmrt;ed into - G-phoopho
Fluconie eeld using the 15.2111&:@ anvyme aysteon of hemkinaée and

glucose~G-phosphnbe dehydrogenase and the renstion followed by the

Pormation of NADPH.

Unflovtunotely, the use of enzymes in enalysis is Linited by
o tnuwber of facbors, principal smong which m’eg thelr high cost, bhe
eoot of coensynos, when thesge ave required, snd the Linited stability
of some. engynes wnder opsrationnl eonditions. The fiest tvo points
render some enyyme boased assays unfovourable due to the high cost
involved and the labter considevabion meons thet the stenderdisation
of some cnzyne based asgays is. quite ovdunous. Clenily, there ave
- mony aveas vhere the uge of cngynes ave involved, which could be

Tmproved. Consequently it would be profitable to consider the

e oA It
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appiieation of inmobilized eusyme derivabives to this portieular

fi@lﬁ v

A mambey of réporde desoribing the use of fumobliised
snzyme devivebives in anelysis have slvendy appeored in the literadture.
In 1066 Hoks & Upéika deseribed the use of fmuobilized glucoss
oxidase end Inmobilized lactate dehydrogsnase in the form of columng
for tha sutonnted (le‘imrminaticm of {.ghé.emse and lacbabts faépee'hivalyo
cudlbeudt (1069, 1971) hos uwbilfsed inmebilized enzymes in the Povn
of membrones . sround on-electrode, for the speeific datexminatibn o7
o metabolive, 'zn this vay he has propared o speeifiec elettvode for
uren vitﬁ wrense dwhobilized within o laysr of polyacrvylemids gel
(éuilhaulﬁﬁ 1969)'andzﬁmiiariy a apseific elesgtrode for Teamine
aaids uﬁiliéiﬁg Tramine acid oxifase (Guilvault, 1971) hes 1ikevise

bean conshrenobad,

& thira type of lmmobilized enzyme structure, wheve the
sngyns is inwobilized on the inside surfoee of & polystyrens bube
hag boan eaagiﬁare& for aprlication in eutomated combinuous low
analysis. Joenby o¥.al, {1970} have used this wethod for the
peraparation of polystyvene tubo-sippovied glucose oxidsse and
incorporated the devivative into o continmmous autonated £1ow nysten

for the deherminabtion of glneoss,

Continuous autonated annlyeis ic o very imgorbont
technricas, vhich is videly uged in elinical loboratories and auality

eonbrol lotovatories. By its very naburo Lhis Leehnique handles




invge nuwgbers of somples and consequently ubilises lorge quantities
of reogents., Thus the applieaiion of immobilizga ansyne struchures
in ¢his technigue in order to allevieste soms of the proctical ond
gdonoaie problens cosseiabed with the use of ensymes is worysnied,
Unforiunstely the geneval applicebility of the structure deseribed
by Horaby at al, hos 1imitea applicotions dus o the extremely
hydrophobic natuve of the ne erial. A Furbher drvavbeok o the use
of polystyrene is the very avduovs sebivadion yroceduve which is
noossenry for the propavation of fmmobilized anzyme dowivatives.
Therelorve forther work ie requireé on the applicetion of new suppord
mpberiole, which ave less hydrophobie and offer o wove faeile

nothod for the praparabtion of immobilized enzynms devivetives, %o be

usad in continuous aubomoibed saslyels.







Lok Buifors

The pii of all buffers uass choecked weing either o Type TPLe
Pitrator (Radiomeber, Copsnhagen,Denmork) ox an BIL Model TO30 pil

meter (Fleetronic Instruments Nitd., London, UK, ).

Tn oach cose the instrument vas calibrated using o stondord
~ ; Q y
roforenge buffer of pHG.86 at 25 € (Nooknan Inobhrunonts Tue., Fullerson,

Codifornia, U.8.4.)"

Constant molarity buffers were prepared by dlssolving the
aporopriste amount of buffer salt or free neid in dlstilled vaber,

titrating o the reauired pH and making uwp Lo the reauivad volume,

1.2, Inorsonie and Organic Rensents

Whevever posatble anolytieal prode veopents vere used withous

further parification.

U P NLU-Dinathyl«l,3-Propanedienine

DHMAP was obiained Zeom Rolph N. Bmenuel Ltd., 206k Water Road,

Alperion, Middlesen. UK.

This rongent vos distilled beforo use ond stored in o sealed

containe ot roow tempsrabure in the dovk,

1.2.2, Glutoreldehyde

Gruteraldehydo (electron microscopy srade) won obtained as
o 254 (vw/v) solution in woter from BDH Chemicals Lid., Poole, Povoed,

U.K. This veogent ves stored ot W,




1.2 S-Aaino-d. .2 ,-Teinnole

Ferminowl 2 b-triczole won obiained fvom Rolph Fmonuel Litd.,

prd atored B 2 povder abt roon tomperodura.

1.2e ke Fovine Serwn ALb um}.n

Tovine serun elbumin (crystolliced axd lyophilised, Signo
Chemical (0., Iondon, U.K.) wnz gtoved desicented af %%0, solutions

in distilled wobor vere node up ismediately prior o uss,

_]. “ 2 9 5 }J\ nﬁaa&ﬁﬁl@blu

b

Tovine hocuoglobin (Type 1T, Sigme Chenicel Co.) wos shorad

deslocesed ob 100,  Solublons wers wade up imwedistoly prior $o use.

 ad

Le3s Fnvynes

%0361,  Glucose Oxidese (TG 1,3,3:.h)

Fype II plucose oxiduse from Aspergillus niner (Sigma Chemieal

Go, ) was trested in the folloviag manner 4o nininizse conteninating

catalane avtivity (Vargoliosh ot al.,1060).

A R00me Lobeh of bhe cumyme vas inaubbbed for Sk ab 37 in
homd of B, IH-KH, PO, uffor conbaining ol of 3-omino-l 2 i-tviszols
snd 160pmol of H?O,_, previonsly bitrabied Go plT.5 with 2-HaOH, The

solution wos then delyucd at h°C agoinet veter (huPl) end O, 9’*?“2{!19}?0,

wffor, pliT.% (1x21), Any precipitobts thot forusd durving tlmly'zis Hiva
ronoved by cenbrifugation et ?Gtmi'g&' ovm) Por 30mla at ¢, ondo

prapavetion, which is referved to os bhe triozclo-troented gluecosc




oxidase, had o protein concentyation of 3.%ug/ml (t;ha debernination

af protein iz deseribed in _seei;ian 2.8); s @hwoaa oxldone eohivity
eorraa;;qnding-;. o 3.8};{5:03. of gineoss oxidised/min per mg mrobaing snd
catelase activiby corvesponding to 20pmol. of 1-1,0 decomposed/uin per g
protein, 1!:nryme OQ‘.:w:.t-ms vory debornined by the mmmas deperibed
in aez ation 2.3. ‘33111:1 EAES rwoﬁ;ian vors atored ab ’s ¢ zmd showred 1o

ﬂmnxfmmh loso .m activity over o perisd of Lh days.

Grade T glucose oxidase from fspsrsillug 'u:‘.fr;er (Hoehringor

Corporasion (faandcx1) b )'"i'mw usied without furbhav pui*ifica{:ion.

This preparobion was essanbislly cabtnlase fres.

1.3.2,  Urasse (BC 3.5.1.5)
aokt Beon urcose {¥ype VI, Sigme Chemlcal Co.) was used

withont fuvthor pueification.

b X il

13430 Invertose (zg 3. 2:1.86)

Gradio X invertnse foom Comdida utilis (Sigus Chemical Co.)

uns wsed withons further purilication.

.30 Awvloslucosidese (B0 3.8.1.3)

Fi1i1§&1 anylogivconidase {BDH Chemicols THd.) wos used withoub

further purlfication.

1.3.3,  lmetote Debvdromensse (BC 3,1.1.27)
Beef henpt lnchabto debyirogenane was obbainsd ag & arysia alline
suapension in 2,34 ('_1‘11'J5k)2f3{)ZQ (’;t‘arpe:}:xx,, Bipmn Chemical Ca.) and wos

treoted in vhe following monner o rewove the (':\sr.h) 250y, +

10




Smg of enzyme wewre collected by cenbrifugation, dissolved iﬁ
Iml of O,IM=KIL,POy ,Ind-EDTA,O, LuM-DIT ,pHT . 8 end dialysed at h°C for 1 n
against 51 of the same buffer. After dialysis the enzyme solution was
mede up o 2.50ml with the buffer end imediately used for the
preparation of nylon tube-sipported lactate dehyarogenase, 88 described

in seabion 2.2,

A erystalline suspension of rabbit muscle lactate dehydrogenase
in 2.1M~(Nnh)osoh (Type IT, Sigme Chemical Co.) was prepered for use in
an identical manner %0 the beed heert lactate dehydrogenase, except thab

no dilution vas mede after dialysis.
For studies on the soluble rabbit muscle enzyme, the (Nﬂh)asoh

suspension was dissolved in 0.1%{w/v) bovine serum elbumin. These
solutions were stored at 0°C and alvays usged within 12h of their

preparabion.

1.3.6. Malate Dehyarogeggse (BC 1.%.1437)

Melate dehydrogenase from pig heart wos obbtoined as & puspension

in 2.8M~(Nﬁu)2430h(1000 unita/mg) from Sigma Chemiéal Co., and pretreated

in an identicel wmanner to the beef heart lactate dehydrogenase,

Le34Ts Pyruvate Kinase (8C 2.7.1.40)

A suspension of rebbit skeletal musele pyruvebe kinase in
2.6M~(NHM)280h (Type IT, Bigme Chemicnl Co.) was used. 2mg batches were.
prepared for use In the sowme way as the beef heart lactate dehydrogenase.

After the dialysis stage the volume was adjusted to 1.5ml,




For studies on the gsoluble snsywe the (-msh ')2,60,; suspeusion
wan dissolved in 0A%(w/v) bovine serum pibwmin. Solubions of ¢his

ﬁ -
prepavation wore stored ob 0°C ond uweed within i2h.

1:3.8. :’L‘léehpl Dehydrogensse (B 31,1.3.1)

Ymﬁt aleohol dchvdropeonase (s0l% frec, or};usmllmeﬂ and

-

Iyorhilized, Signe Cheniasi Co,) was uoed without forther purification.

1.3.9 Poyoxidose (BC 1.27.1.7)

Horgevedinh peroxidese (Type I, Slgos Chénieed Co.) vos used

without i‘ﬂrther purification.

1.3.10.  Peniefllinese (EG 3,5.2,6)

Penieillinase ‘(ED!} Chemicals Ibd.) vas used x-:i“’tsh'aut fursher
mzrifiew&;im ‘The centents of one sealed vial eonﬁe.inina;; S‘ﬁohénayma
mm"?sf, ('srheve one unit of penicillinese setivity corresponds bto Ipmod of
penieildin G hydrolyned/min ab p}i T«5 ot 29 (}) vers Gissolivad in 3wl of

.G.lﬁiufﬂip?o,, PET.B ond the solubion stored at WVC,
- 22 "’ c

3.3.11%, 'p&»(’;alam’msiﬁ:ma' (8¢ 3.2.1.23)

Becherichia coli B oo 1.u,cmn*&asm was ehbtained as o crystoliing

suopsnsion in 2.2&:»(3&:1‘ ) 250, {(oehrinpor Corporstion Ltd.) and wan treated
in bhe folloving mamer o rewove (mzh )2_&)0,“
0.35:3_1 of (1‘3}%,4 ),_,,SG; sugpengion c@n&ainingg 1750 o:?'ﬂ mgvlcmtw

onidase vers nﬁdﬁd o 1,65m1 of Q.:?ﬁ-—;ﬂi?}’(), e lm‘é I)”’I',nﬂ?.@ end Gieljsed

ngge.‘ineu the oome buffor (3¥31). Afber dielysiss the engyme solubion vas

12




mode up o 2,5wL with the buffer and imuediabely used for the
properation of nylon Lubs-supported [@-galnetosidase as doserivod in

sogtion 2.2,
Lebte . Bubebretes -
1.3, Coensymes

. g : ' = *’ . y . . '
NADH (Grode ITX, Sipws Chemdcold Co,), HAD® {CGrade II1, Sigma

Chenicsl Co.) ond ADP (Formentation grede, Sigma Chenical Co.) ireve

shored desicoated b AR Solubions of these coentyrens were nlweys

used within 18h of thoir preporetion.

Lol,2. Dipeechorides

Golutions of sucrose, maliose end lactose were stored at NG

ond used within 7 doys of their prepavation,

1.%.3,  ol~Keto Aeids

Soddun pyruvate (Typa IY, Sigua Chemical Co.) ond cis-
oxplacobie ocld (Grade I, Signe Chemical Co.) wove stored desicosted ob
4%, sotusions of thoze ol ~keto acids weve used within 12h of tholv

propuration.

LAk, T Glueoge

Solutions of glucose vere mode up In dlptilled water at leoot

. ‘ e K . e
2hth bofore use to onsure complobe wutevotation, They vers storved ot b ¢

and uvossd within 3 days of thelr preparstion.




L.h,5, Upan,

1SN

& o 4 0
Ures solusions in dietilled vater were stored ab HC and

uged vithin T doys of dhelr preparasion.

L6, 2.2-Dinzo-{3-Lphyl Bensthdazoline-G-fulphonic Aeid)

Solutions of this reogend vore stored in the deark ab voom

tennerabore and used within 12 h of their prepoaration,

i T 49 Penloillin 6

The sodivm snlt of penieiliin & wes obloined from Sigwe
Chemical Co, and stoved denjecnted ot 470, @olwbions of this salt

in diatilied wabsor wers alwvaves usad vithin 12h of theiy prepurabion.

.08, Hvdvopen Peroxide

Analor grads 1.0, (BDH Chemicals Did.) vas stored in o dark
bovble ob 450, Tunediatoly prior o use the normnlity of the HPO?
wos determined by titwetion ngoinet stendord ceidified solutions of

potessiun parmenganeto (Vogel, 1953).

1.k2.9, Phosphoenolpyrurebo

Phogphoenolpyruvate (potassive sald, Bigno Chewienl Co.)

Q a M - .
vas chored desiceated ot Q. Solubions in distillied waber vere usad

within 18h of thely prepevation.
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2dle ‘Structural Meseriel

20,1, Hylon Tube

Hyion bube (Type 6 nylon, L.%Mm oxternel diemeter, 1,0mm

internal diameter) vas obtained from Portex Ltd, » Hythe, Kenb.

Pretreatnant of Hylon Tube

Removal of Amorphous Hylon

in ovdor 40 incrense the internal surdace ares of the tube,
avoilable for the attachnent of protein, the tubes were pitbed by the
process deseribed by Du Pont de Hemours & Co., (1970).

A golution of 18,88 (w/v) 33613?‘18.6%' (w/v){mter- in mebhanol
wvag pumped through 3m lengbhs of nylon tube fow 201&1:1;1 o 5’{30{3 ot a flov
vate of 3mi/min.  The omorphous nylon, which is removed by this progess,
ues then purged from the tubss by vashing throush with 250l of vater ab

2 flov rate of 1001/ min.

Liveration of Free fmino Grouns

Fylon tube wag hydreolytically cla:;\.vea with HEL o non~
hydrolytically elsaved with DMAP 4o 1ibevate frse owino proups on the

inpide surlaco.

Bydrolybicelly eleaved nylon tube wop prepered by perfusing
3 lengbhs of nylon tube with 3,654~RGL at 1;50(} 'fosf' homin at o flov rete
of Smifmin. The Uubes were then vashed with 250mL of weber &t o flow
vobe of 10md/min (I-‘igg.l).. ‘Jf.‘lﬁi.s’%;reatmen’s cleoves some of bhe papbide

bonds on the ingide surface of the nylon tube, theveby liberating free

16




NH —=—— CO

Removal of emorvhous 18~6§(w/v)Ca012,18»6¢(wfv)
nylon watér in methsnol -
NH  ceces 10

3+651-HC1 45°C,

mar 70°¢,16h.,

g COOH

12.5% glutaraldehyde
in O,l1k-godium borate,

pHB.5 at 0°C for 2h,

V

NH.(CH2)3.N(CH3)2

12.5% gluteraldehyde in

0.1M~sodium borate,pid.5

et OOC for 2h.

s COCH

glutaraldehyde

enzyme,16h at 4°0

WH %O
O ; - ul{e
HH.(CH2)3.B\CWB)2
glutaraldehyde

\Lfnzyme,16h at'4oc

NH LOOH
glutaraldehyde

NZYMe

]

NH.(CH2)3QN(CH3)2

luteraldehydew-enzyme

Figolo. The vreparation of lon tube-sunnoried enzymes.
o & = bAoA




ewino groups tnd o conplement of free covboxyl groups. Under oll the
experinental cen&i@iems ussd the carboxyl groups will dissociste, thus
loeoving o residual nepative chovge on the Inner éurfaea of the nylon
fubes  Hylon Sube trembed in this menner 4s veferred Lo os

Thydrolytleally clenved” nylon tuba,

Hon~hydraelytieally cleaved dube was prepvored as féllbﬁéi
3m lengbhe of nylon Subs weve perfused with dioxen ab rnom‘témpér&ﬁure-
for ik at o Llov vate of lul/min. ‘The tubes vers thén'filleﬂ with DMAR
e incubated at 70°¢ Por 16h. After thie the tubes vers woshed with
260m). of wober ab o flov vote of 10wl /win. Some of the peptide baﬂdﬁ
on the inside nurface of the nilon tubg vers clepved by this process
Literating free amino groups und o complenent of omidated en?boxyi LRONNS .
_ Under sll the oﬁerating apnditions vwsed for the nylon tube derivotive the
DMAR deyivative of the cerboxyl groups corrdes o pesitive cherpe, thus
the nylon tube had a reaultéut positive shorge, NHylon tube %reaxeﬁ in

this monner is roferred to as non-hydrelyticelly cleaved” nylon tube,

Prenpeation of Glunteraldehydo-Nylon Tubs Derivedives

Glutaraldehrde-nyion tube devivelives wers prepored by perfusing
3m Jengbhs of elthar hydrolyticolly op namwhydroiytiaaliy_cle&vaﬁ nylon
tube with o solubion of 12.8% {(w/v) glutaraldahﬁde in Q. 1M-sodiun borabe
taffer, plib.s for 60min at 0°C. Atter being washed through for Suin with
50ml of O.2M-godium borebe buffer, pHB.%5, the tubes were imnedistely used

for the prepovetion of lmmobilimed ensyme dewivobives (Fig. ).
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2e468 Hylon Povdsy

Type 6 -lov molesulor weight nylon powder {120-150 nesh) was
used, Thie ma‘bwial@ which was specially }}re;pzsr;éd for Dre MaDs 141y,
_Univez*sé;lisy.'éo?.lmge,, London, by Taperdal Cﬁlwmioa:}. Industries Litd., Dye-
abulfs Divieoion, Reacklsy, Hanchesber, Ualls eontainad E!t()pr;}qu;iv. of

free enino grouns und eisc}laquiv. of fres carboxyl groups/m.”

Prepovntion of Glutnaldehyde-Hyion Powder Derivatives

A 250mz pori;ic);n of the nylon povdsp wos suspended with repid
stivring in 10m)L of 12.5% (v/v) glutareldehyde in OJM-sodium borate
buffer, pHB,S at 0% for 20min, ‘The nylon powder wos then veshed on o
sintored~glass funnel with 500ml off 0.2 M-swdiunm borate buffer, pHb.S and

inmediotely wecd for the preveyetion of imwbilized enzyma derivatives,

2ol Nylon Houbranes

Type 6 aylon wewbranes (WRWP 203) were obtained frem Millipore
Tibd. Ainerton, Middlesex, U.XK. Thoe nembronss were Tirst gosked in
distilled water for 10 min and then mownted in o stondsrd Technicon
diolyser module (Teabnicon Instruments Co. Lbtd., Chertsey, Surrey. U.K«).
Uylon menbranc-supported ensymes were then prepared in & one step process

an desceribed in seetlion 2.2,

243, Provoretion of Imnebilized Enzyme Derivabives

2,23 Hylon, Povder-Supported Giueose Oxidese

Triagole~traated glucose oxidase was inmobilized onto glutoy-
aldehyds treated nylon povder by sueponding 250mg of the powder for 16n

at 190 In 10m of the enzyne solubion. The povder was then packed under
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grevity into a gless column (h,0%0.2em bore) and purged of non-covalently
bound enzyme by weshing throungh with 250ml of 0.2M-NaCl at e flov rate

of 2. Oml/min u

2.2:2 o NylongPowder~Supgprted.Urease‘

250ng of glutaraldehyde~treated nylon powder was suspended for
16h at h?c in Sml of 0.05M—KH2P0h buffer_containing_lOmg uxease,QS}Amol
. Of EDTA and 5mmol of nerceptoethanol , all previotsily adjusted to pHT.O
Wi?h;dilvﬂaoﬁo .Tha.powder vas then_packed under:gravity'&pto & glass
,golumn'(hEOxo;acm_bore) and weshed free of phyéically sdsorbed enzyme.

by perfusion with 500nl of 0.24-NeCl at & flov rate of 2ml/min.

22430 Nylon Membrane-Supported Glucose Oxidase . .- "'«

; he upper chennel of the dialyser module wﬁé péffﬁééﬁ'in &
closed Loop at 1°C at a flow rate of lml/min with 10ml of the triazcle-
- treated glucbséfoxidéae‘solution, vhile bthe lower.ehéﬁngl'vas simileriy
‘perfused with 12.5% (v/v) glutaraldebyde in 0,1M~sodiun borate buffer,
pli8,5. After 2h the éﬁéﬁem was vashed free of excess enhyﬁé #nd

@iutaraldehyde by perfusion of both channels of the dialyser module with

250m1 of 0.24-NaCl at o flov rate of Smi/min,

2.2.h, ., Nylon Membrene-Supported Urenge:

Tor the preparetion of aylon membranewsupporﬁéd ureage the
iipper channel of the dlalyser module was perfused in & closéd loop ab
1°C ot o flow rate of 0.23ul/min with Sml of 0.05M-KNPO, buffer,
eontaining 10mg urease, Zggmql of EIA andi%pmol‘of nercaptoethanol ,all

)
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previously adjusited to pHT.O x»rﬁ.‘iiiiﬂiﬁl.?ﬂmmg while the lower ohannsl
was pinilorly perfused with Smi of 12,5% (w/v) plutoreldehyde in
O.1M-sodimm borote bulfer, phd.5. After 2h, the membrane vao washed
fron of exeens ensyme anfl glutareldehyde by perfusion tlaxjuug—;h bobh

chemnels of the dlelyser module with 250ml of 0.2iNall at & flov vato

of Smi/oin.

2.2.5, Rylon Tube-Supported Gluccse Oxidase

fiylon tube-gupporssed plucose oxidase uwas wrepared by perfusing
i 3m lengbh of h:fdmlytic:é.lly elsaved nylon dubs in & elosed loop with
10m1 of the trimole~trested glucose oxidase solution for bh ot 0% at o
flov rate of 2.%5ml/min, f;iaysieally adsorbed ensyme wenrbhen removed by
voshing dhvoush the tube with 500mL of 0.24-1aCl 8t a flov rate of

101 fmin.

Mbevnotively, 7,500 of glucone oxidase (Grade 1, Poehringer
Corporation Lid.) wore dimsolved in B.%m1 of D.al%iwr{H,-&P{)h buffer, pif.0
and davn into & 2n length of hydrvelyticelly clenved nylon tube with o
syrinme, The evds of the btubs were bthen sealed and the tubs Inavbated
at 49¢ for 16k, Tho tube was then vashed vith 12%ml of 0.1M-podiwm

aoctate buffer, pi5.0 at o Tlow rate of 2.5wl/win.

R.2:06. Hylon Pabe-Sursoriad Uregne

~ Urease was jymobitized on the inside surfece of o 3n lengbh
of hydrolybticelly cleaved nwlon tube by perfusing in o closed loop for
bh ot 0°C ot o flow rote of 2.56k/nin, Svl of 0,05M-KH PO, buffer

contalining 10ne of ensymo, a?nmol of EDVA and f;“')\mnf!. of morcapbosthonol ,




raviously sdjusbed to plT.0 with 4il.WeOH., Miaelly the tube was
vashed froe of non~covalently attoched enmyme by peviusion with 50Dml

of 0.0M-Hall ot & Llov rote of 10ai/win.

Ra8sTo Uyion Tube-Supported Fnoyman

General Procsdure

A penernl procoedure wos adopted for the prapasration of nylon
tube-supporbed ensymes, vhich ves applicable to both hydrolytically

gleoved ond non-hydrolybicelly cleaved tylon tubos.,

The enzyie b0 be tmuobilized vas dlssolved in 2.5ml of the
goupling buffer and droawm into & 3u length of the appropriate nylon
tube devivetive with » oyringe. The ends of the tﬁha wore Gthen sealed
and the tube ineubabed ab h°c for 1bh. Physiealdly adsorbed protein vos
then purged fron the nylon tube by perfusion with bufler aﬁ 20% for
1h at o flow waﬁe of 2.5/ /nla,  Yhe axpérimanﬁal dstallo for the

preparation of nylon tubse-supporbed derivabives are presented in Teoble 1.

2.2.8. Nylon Puba-Co-~fupported Bosynes

Ganaral Progeduve

A general progedure vas adopted for the preparetion of nylon
tubo~co-supported ensymes, The procedure nged was gimilar o the
method despribed for the preperation of single enzyme tubes., Tho

axperinmental detoils for the prepavation of nylon tuberco-pupported

enzyuen ore presented in Table 2,
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2.3 Meneuvement of Ensymic Activity

.93 (lucose Oxldase

ucose oxidege ackivisy vas detersined according 4o the
mebhod deseribed in the Sevavee Cotalogue (Seraves Laboratories {(Poy. )
ihd. o Hodypors, Maidenbend, Berks, U.K.). Asooys wers verformed ab
25% in the vrenenea of QuilMpolndeiun phosphote builfer, PHS.9, by
neasuresent of tho oxygen unbake, which reculis from the @xiésﬂ;ion af
B-Pglucose, using o Yellow Springs Model 53 oxygeu monitor (Yellow

Springe Tnstruanens Company, Yellow Gpringa, Obio, UdBAL).

2.5.8.  Catelase

[P = T

The entalace cebivity of glucose oxidnse preparabions vwos

determined by the speetrophotonctrie wmebhod of Deers & Simer (2052),

223030 Penieiltinaae

| Pendeillinese activity vas dobermined tiﬁrimt:r:‘«camy by
measuring the inltial vobe of hydrolysis of bensylpanicililin using o
R T isi.tmtér assenbly (Rodlomoter), ALL nseoye wvere performed ab
PHE.T in o botnl renotion voluma of 100mL and in eoeh eose the veostion

wag otarted Ly the nddidion of enmyue.

%3k, Inatate Dehvdrogenass

Lastete dohydrogennse petivity wvan determined by messuring the
robe of decrcase of exbinebion at $40nnm, vhen HADH ip oxidized by excens

pyruvie acid in $ho presence of the enzyne.
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ALY muspyn were earvioed out in n Sml reootion volame
contoined in len Light pokh cuvebbe at 20%¢ in the prasence of
0.lt:i—!€i£2}f-‘01 s 04 Bpl~DTP 0, 06U~KC1 Jm‘.?&-‘MgGl L0 Bnd~pyruvic ceid, .

15mI-HADH,pHT e The wezotion wos clusys estorted by the addisie
of eneyiic.

F:;s‘r ssdies of the offeet of I on the rodedd ensymio
netivity o nixad baffer aystem m tho Following compomition vas uged,
ASmM-phosphote ,RSuit-acatete and 29mbi~borata, m‘cmma with aithey

strong celd or altnli to bthe aprropriste pi.

.55, Byruvain Kinese

Pyruvete kinnoe scbivity ves dotermined by elther {the mothod
off Cooper & Kownberp (1960) or by the procedure deseribed by Plets &

Octioa {1048).

Ty the formsy moebhod pyruvete kinose sotivity is deternined
by the eolovinebric mensuvemont of the pyvuvie ra ci d which is formed

in the enwynie resction, as its hydrasone with 2,M-DHPH.

A 10nd rcumﬁ on volwne, which conboiued 0.00-K8.3 ’30, +0 ¢ i
phosphoonoinyravatae ,0.06M-KEL, ,hnﬁﬁ»—%&gﬁ:i.g 50 BTN (O, Lid-ADP ,pHT b vas
epnilibrated ot 3070 ond tho resetion shorted by the addition of enzyne.

After Smin & lml eliquot wac withdrowm, edded vo ini of 0.03% 2 h-DUPH
in 21-HCL, inesbobed fov o furdher 10min end then lwl of MOl added.
Tha exbinetion et MlSnm vas then meosured ofter o further 10min, cgainot
@ reogent blank. The pyravie eeid concentyation vas detewnined by

raference o o ptanderd envva aonpiled by subjeeting known anbunbn of

S‘#‘?
fa




vreavie seid to the sesay proccdure.  The offect of pH on enzymie
gebivity W debaynined by noing o mined buffer syeven oF 25mM-acetabo,
2sii-vorobe rud RSul-pghosphaite, tltveted with stiong eeid or alkeli to

$he required pi.

i the lattor wmethod the pyruvie acid, Pormed in the course
of the reuctian,waﬁ measurad spectrvophobometricaily by using loctate

dehydeogenase in the presenca of oxeaso ﬁann.

ALl asgoys wers eariled oubt in a 3md xeaction va}uma
gonteinasd in o len 1ight peth cuvebte ab 207¢ in tha1preaaneé of
G, M "'-p;stamm fum phosphabe ;001 56M-HADH O, StM-DIT ,,0_'.061‘-4:«@1 ,!mmnmgcz.g 5
Q. 2dt-ADP 0, 2uM-phosphoenolpyruvate aﬁa O, FF nnits lectabte dehydrogennes,
pHT.Me  In ench cese the venetion vas sbarbed by the addition of the
p&ruyatu kinoso,

Tor nbudien of the effect of pH on the rabe of engyanie aebivity
8 mixed ffer gysten of Qﬁmﬁwpatassium phosphatie, QﬁﬁMwaactata and 25l

borats wos used, titrated 0 the raquired pH with either strong ceid or

hose,
2.0, Acsoy of Tunobilized Enmvme Devivatives
2.h,0,  Tube-Supported Devdvaiives

Hvieon tube-go-aupported pyruvete hinsne aﬂd lactobe
dehydropennis vas assayed by perfusion throusgh the tubs with éaluﬁiona
of the subatraies st predetorminsd flov vates ond anelysis of ihe
offluent for renotion produets. The ensyme tube ves smployed ia the

form of o coll hew in diomeber, and maintained ot 30°039.01 by dmumersion
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in a thewmostabicelly controlled wabter bath., Flow vates vors dsbemmined
by eollecting kuown wolumesn of .afi“luent end noting the bime taken for
tholyr emergence. The oysben was czlmya alloved o abtoin o steady

stabe, vheveln the conventration of the veaction produets in the efflummd
ves conntont, hefore Aoterninetion of the omount of HADH oXidation was
waderione. This ves done by measuring the difference in extinction et

3h0nm. botween the substrde polution end the afElucni.

Solubionn c»f ADP in the coucentrotion ronge 0.2-1,.0n ware
a\;ss&ygd in the presence of 0, 3‘M~KHQ~P°& ,6 .061\’!~}{01,hnﬁ'i-*-%fgcla qo.ésm:-i—mm,
lf..Om'&ﬁahonphoeml@;rrxwate o0 15uM-HADH ,pHT b, For stpdies of the effect
of ;é_:!i on the ¢onpled enmymie renction, the mbatrates were pl;epamﬁ in a
mixed buffer aysten of the following componition: asm?énaéetata, 29
borate aad QSmfri&iahosphaté » bitrated with oibther strong peid or alkall

0 the required pH.

The prruvete kinoge ackivity of the co-suyported pyruvate kinage
ond loctebte dehydrogenage nylon tubs was neasured separebely by colori-
metric mensurenent of the pyruvic. oeid formed in bthe enzymic vesction,

as its hydrazons with 2,4-DNPH.

A Il alicwot of the offluent wos collected, odded to Lwl of
0.03%(u/v) 2,4~DNPH in PU-TCL ond the solubion incubeted for 10 wmin.
Iml of WM-NeOH wag thon added, the soluiion inctbeted Tor o farthor 10min
and the extipebion ot MiSpwm dAsternined vith reference 46 a veagsnt blenk,
The pyeovie seid eemeen'isi*éi-.ion woe then interpoloted by refarémze %o B

stendard curve compiled by subjeeting known amounts of pyruvie seid to

the jwreseribed ossay procedurs.

[AN]
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Solutions of ADP in the conconbrotion ronpge 0.2-0.1mY
wore assayed in thse preschee of G,:i..ifi»KﬁePOh o0 O6HM=KEA, ,hxn&i»l»‘fg()lg,
0. SmM-DET L Ondi~phosphoenolpyruvabe ,piT,he  The offeot of pH on
the pyravebte kinose activity ves debermined by using o mixed buffor
systen of 2SmM-neobate, 25mi-borate and @5mH-phosphote, tltrated to

the required pil with either strong cold oy nlkeld.

2,54 Bupounted Anelvois

=

2541, Equinnent

Automoted cnalytical technioucs employing limobiliged
enzyme derivatives were based on the "Technicon” continwous flow
phrough wethod, The sampler(8),puwap(P),heating baﬁh(ﬂ&) and dielysow
modwle(D) were a1l stenderd "Peohnicon” oquipment. d'bher symbols uned
in the Tigures deseribing t';he flov sysbems are as followe: MC.mizing

coil DB,debubbler; W,vaste.

Erbtinction was pecorded with s Beckwon IB Slmctrophbtometer
(Beekpnn Instruments, Glenrothes, Fife, U.K.), fitted vith o metehed

pair of lem ighd poth £lov eells of 0.12p1 interanl volume.

2,6, Aoodybicel. Methods
2.6.1, Nylen Pouder-fupported Enzymes

Generald Progeduras

Nylon povder—-gupported ensyues were used in ﬁhe form of
enmll packed bede (M.Oomx0.2em bove), nainboined et 37°C by thelr

immersion in o thorsmostatically controllsd woter bath,




Sonples weve Pivet alr-sognented snd then nixed with the
sppropeiste buffer. Howover, since it is nob pOsrsi'blé._ o porfuse o
pockad bed with an aivisompmentad sbtreem, 3t was geecssary to de-ges
fhe somple styreom ‘nai‘o‘:ﬁa perfusing it through the packed bed of nyloa
powder-gupported ensyme. The somple styvean vas aiv-segmentod agein
tnpcdiately after Leoving the vocked bed end then mixed with ﬁhe
appropriste colour reagents for the determination of reaction products.

2.6.1.1  Deberoinetion of Glueose woing Nylon Povder-Supnorbed
Glucoge Oxidase '

Glucose vas ﬁeterﬁined specﬁroyhotometricallﬁf by measuring
the exbinetion ot 340m of Ia formed by the recation of IJ,,GE,p rroduced
1 3 2 S #a £,
in the enzymie reschion, vith aeldfRI. The KI rengent wos olveys used

within 1hof iio prepovetion.

/3«3}-31\1@33 & 0? > D-gluaono »S ~loctone II,JO?

Dglugono ~ £~ lactone <+ B0 —> gluconic oeid

1!2(}2 + @KL ¢ QHCL ——> I, #2KC1 ;.?HQO

o)
Mg.2 shows the flovw oysten woed for the mensurencnt of
glucose noing nylon povder-supported glucose oxidose, The sample
.s)'tr‘eam gontaining glucose waé iyt alv-gogmented ond then mixed with
Q. 2M-goedimn esstabe uifer, pHS.0v. The stream was then degassed and
porfused through the packed bed of aylon powvder~supporbted glucose
oxidase. Afber leaving bhe packed bed the sirecm ves immedia‘bel}i oy
segrented, neldified vith 1.25M-HCL, mixed with a solution of 0.25M-KI
and then passed through o stondavd mixing coil. The liquid strean vas

then degassed end 145 exbinetion ot 3h0am recorded.
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Tig. 2, Flow system for the use of nylon povder-
supported glucose oxidase and nylon powder%supported urgasevin the

form of small packed beds in automatéd analysié‘

For the #eterminaxion'of‘glugbségvith‘u small'yackgd'béd'of
nylon powder»suppérted glucose §xida§§.the punp tubiné 1ines i,é.s,h.
5,6,7 end B gave flow rates of 2,00, 0.k2, 0,42, 0,60, 1.20, 1.20,
2.50 and 1.20ml/min respsctively. . A é:l(v/v) wush/sample ratio was
used. The packed bed of nylon pogder*supgorted enzyme wos maintained
at 371°C, The mixing coil (ﬁca)‘and the heating bath (B) wers not
included in the {lov system. Substrate, air, 0.5%-sodium scetate
buffer, pHS.0, air, 1.25M~HCL end 0.25M-KI were pumped through the
puap tubing lines, 1,2,3,4,5 and G respectively. For the determin-
ation of urea with a small packed bed of nylén povder~suonrte§
urease the pusp tubing lines l,2,3,h,5;6,7 end 8 ggve.flow.rates of
1.60,0.60,0,80,0,80,2.00,2,00,2,00 and 1.60ml/min respectively.

A 2:1(v/v) wash/sanmple ratio was.ased.- The heating bath (HB) and
the pécked bed of nylon powder-supported enzyme were maintaiueq at
17°¢, Substrate, air, 5mM—EDmA§0.5%~KH2POn buffer, pl7.0, air,reagent
A ond resgent B ware pumped through the yump lines 1,2,3;h,§:and.6

respectively, For the meaning of the symbols see section 2,5.1.
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Rolole? Dszi:éz‘mi’naﬁmg of Ursa using Mylon Pouder-Supported Ursase

Urea 5/als] c}c.ﬁerrzmcst’i i)})‘ mee.aurment m 't.hcx axmonia formu}

in the emayuie :v.mat,’ﬁmn by 't.he M md of chrma.,r % Marboch (196‘9}

BOCL Phenol
CHH, we— ]G ———
3 : ) o2
. gy / Yoo
v-'H’ :
Blus : i *#mllm;

The Tlow systom wsed for the dobovmination of ures using
zwlau povdcr-oupported uresse i shows in Pig.2. Befdve enbering the
g;ne'!.iadl bed of nyloh povder-supporbed urease, ’i‘ma- shuple obrean "gantai,m'»
ing ures van segmonted with alr, mixed with 0.5M-Ki, E‘Dh Imi.‘fer 5., Ou=BDTA ,
oY O and then ﬂegasm.cd. Tomedinboly alber leawing the yzxchfaﬁ bad the
pomple shyenn wag airwm.{gmenﬁed and wixed with Reagent A(O QO&:}(V{V)
codium nitroprusside in aqud T2 {w/v) phenol)’ and then with Reagent B
{¥a0€2 in 0. Si‘fI«NmGH, conteining 0,20~0.15% availabls chlovine)s The
sample sﬁx’wm w0 bhan pws*mu thmu{*h 2 s‘hnndm'ii tl@“%.zu' ol l ok :S? G,

after which n‘; vas degasued ¢ and 168 ca'c'tmetmn ol 6301m recordeﬁ. »

2,6.2. ; Hylon Mexbrane-fupportod Ennymes

i

(ienarnl Frogedures

Hylon menbrane~supported ensynes vere lucopporated into
pubonated flov. gygtens by mousting the mewbrane bhobwesn the plates of
o standexd dislysor modula. To ensure gauilivrotion of uubsbrete covous.

the. nenbrane-supprorbed enayue tho sawple or donor shredn was alwoeys punped




into the dlolyser module at a flovw xate greater than it vas pumpsd
oub vo the exiv streon. This sncured o conbimuons flov of sample
Srom the donoy straanm to the regipiont sbyeen,

:5.2.% Doterninetion of Giuweose using Nyloo Menbeove-Bunperbed
Glucone Oxidose

Glusose wvos Qetormined spestrophotometrieally by the aeld/

KT method {sco peation 2.6.1.1.).

The flov systen used for the debermination of gf;lu_céaez with
nylon mewbrona~-gupporsed gludosse oxidase is ehowva in Fig.3. The somple
SHyoom vas a.iz*«qum&ntcag mixed with (}u‘éztsiwsxod:?.um-a&r;ttxﬁe ey w50
bcfox_’a heing pumped into the dia;.yaex{ ;slnd,tzla a8 $ho donop .Btm‘am., and
the resiplont strean conglated of alr-sepuented O.248-godiun reattbe
buffer, pHE,0, Upon loaving bhe dialvacy nodule bthe donor shvesm vas
mmped B0 waste and the resiplent stream vas aeldified with 1,25M-H0L
folloved by C.25M~KI, After passasme through o sﬁmzéaré'mixine; eoil the

shrean vos degoosed snd its exbinotion ot $hO nm recorded,

2,6.2.2. Debeynination of Urss wueing Mylon Membrone-Supported Uresse

Uren wos detormined by meoasuvenent of the gmuonie formed in
the ensymic reccbion by the nethod of Choney & Merbeeh (10062) (see

aeotion R.0.2.2).

The flov syibom usel for the debermingbion of wren noiap
nylon nembrans-supported wrease is shown in Fig.3. The semple streon

containing wren, wos ©irst alr-semuonted, nixed with mm«xrié,m,’ lfer,







i 3. Flow system for the use of nylon membrane-~
supported glucose oxidase and nylon membrane-supported ureese in

cutomated anelyvsis,

r

For the determination of glucose with nylon nenheane=
supporsed glucose oxidase the pump tubing linea-l,2,3;h,5,5,7;8 and 9
geve flov rates of 1.20,0,42,0,23,0.80,0,42,1,20,1.20, 2,50 and |
1.20m) /rin reépeativaly. A 2:1(v/v) vweash/sanple ratio vas used,
The nylon membrane-supported snzywe.was maintained et 3700,_ The
nixing eoil {1103) and the heating bu&h {HR) wers not included in
the eireuit, Substrate, air, 0.204-sodiun acetate buffef,'pﬂs.q,
0.20M~sodium acetats buffer, pl5.0, air, 1,25¥-ACL and 0.25M~KI were
putped throush the pump tubing 1inea.1,§;3,h,5, 6 and 7T ?espectivaly.
Yor the determination of urea vith nvleon nembrane~supported urease
the pump tubing lines 1,2,3,4,5,6.7, 8 and 9 gave. flosw rates of |
1.00,0.42,0.23,0.80,0.42,2.00,2.00,2.00 and 1,20ml/min respectively.
A 21 lv/v) washfaumpie ratio vas used. The heating bafh (HB)Taﬁd.
the dialyaer.modulg (D) vere maintained at 37°C, Substrate, air,
SL%\E&*EDTA*O.M-I*Ki!el‘:’oh buffer, pil?.(); :»rﬁ-!*IQDTA*O.l?\{«KHaPOh, bu‘._?fei'r,
PHT.0, air, reagent A and reagent B wsre pumped through the guﬁp
Hubing lines 1,2.3,4,%, 6 and 7 reayectively.. For the meaning'of

the symbols s«e saction 2,5.1.
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Smi=EDPA, PHET.O ond “hen pwaped into the uwpper chenuel of the dialyscre
pedule, contoining the nylon wenbrane-supported wreass, An air-gepmented
aﬁm&m of 0.33&-»3{‘1»32}‘-‘0& DufPer, Sudi-ERRA pﬂ? 0 wag poyfused Shrough the
lowew ahannel and upon :Lewim?; whe dielysor wodute vie mized first with
Reagent A{0.006%{w/v) sodiwm nitropruaside in aq.h.7E{u/v) phencl)
folloved by Reogens B{Ta0CL in O.54~He0R eon;za.s‘..ning.; 0,100,158 available
chioring)s Pheliguid strveosn wos ﬁheh masded thvough o stondard delay
aoil m':’a?"'c:, ofter vhich it was degansed end ite extinetion ot 630mm
reéoﬁdéﬁ. |

2.6.3. Bylon Tube~fupvorted Baszvmes

Gengral Prccgdﬁma

fivion ‘bubav-supﬁortﬁd enzymes.‘werc:- ingorporated into oubomnted
fiov syntens in the form of coils, hen in diomoter ond mointained at
constent temporaturs by their ifrmersion in o thermosteticelly conbrolled

wber hath.

Mnalybicel Mebhofs involving Hylon Tube-Supported Oxidoreduchoses

N

R.6.300s Determinetion of (lucose wsing Nylon Tube-Supoorted (lueose
Oxidane '

Glucooe was debernined spsetrophotonebricelly by the acid/
KT method (pee scotion 2.6.1.1.).

The flov systen used for the determination of glucoss using o
3m length of nylon tube-supported giucose oxidase 3o shoun in Fig.b.
Afber beingelr-segmented snd mixed with 0.5M-codimm acedate buffoey,

pi5.0 the denple abvsan woas peyfused through the nylon tube-supnoried
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Fipg. L, Flow system for the use of nylon tube~
supported glucose oxidase and nylon tube-supported urease in automated

analyais.

For the determination of plucose with nyloA tube-
supported glucose oxidase, the pump tubing lines 1,2,3,4,5 and>6'é¢Ve
flow rates of 1.20,0.80,0.23,1.20,1,.20 and 2.50m1/min reapectively.
A 2:1(v/v) wash/sample ratio ves used, The nylon tube-supported
enzyme was maintained at 37°C. The mixing eoil (1C2) and the heating
beth (IB) werae not ineluded in the flow system. Subatrate; air,
0.5M-sodium acetate buffer, pi5.0, 1,254-0L and 0.25M~KI were
pumped through the pump tubing lines 1,2,3,k and $ respectively, For
the determination of urea with nylon tube-supported urease, th; Ump
tubing lines 1,2,3,4,.5 and 6 gave flow rates of 1,00,0.80,0.23,2.00,
2,00 and 2,00ml/min respectively, The heating tath (HB) and the nylon
tube~suprorted enzyme vere maintained at 3700. fubstrate, air;
5mM~ED’l‘A~-0.5f-§«-KH2POh buffer, pi7.0, reagent A and resgent B were
pumped through the Dump tubing lines 1,2,3,4 and 5 respectively. For

the meaning of the symbols ses seation 2.5.1.
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glucose oxidase, which vos mointained at 37°C. The affluent, containing
18202 oo one of the producis of the engymic venction, vas first mixed
with 1.20M~001 and thon 0.250-KI, After hein;;; pansed through o standord

miziag coil, it was dogussed and o exblvetion ab Shonn reeorded.

Re0e3u8 Dm.ammatmn of Glueauo urain(ﬂ Hylon ¥ A‘igwf,‘awupmrtpd

tlucose wan &etaz’minéd by E.inlzing the glucose oxidege
rasation $o porvoxidase ond meastring the extinebion ab G20am dus o
the reuation betvween the hydrogen donor, peyrid, ond the Iiat),’ in the
<

yregence of perokifase.

Perid » B, ———> ouldined perid + < 2H,0

7.5 shows the flow sysben noed Por the determination of
giucose by thin mebhed. The sonple strean contalining phmoma@ vas aly-
sapmented, mixed with 0,5M~sodiun ocetate buffer, p5.5 and then with
me-perid, bofore boilng porfuscd through o 3m leoangth of n:;rJ,on tuba~eo-
supported glucoss oxidase and pevoridese naintoined ab 2; G, The
effluent from the tube was then degensed and ite exbinction at 620nm
ronordad.

8.643.3 General Progedure for Hethods iavolviae Hylon-Tube~
Suppbrhed Dehydrozensses

Pz, 6 showvssthe flow syobem used for the automabsd
daborninabion of prouvabe, oxnelacababs, ebhanol and ANP uslap nylon
tube-supported lactate, malabe, alechol dohydrogenssen sud nylon tubg-

eo~supported pyruvebe Rinaoe and lectate dehydrogensss roupactively.







Fige S, Flow system for the use of nylon tube~co=~

supported plucose oxidase and peroxidase in automated analysis,

For the determination of glucose with nylon tube-co-~
supported glucose oxidage ané peroxidass, th§~pump tubing lines
1,2,3,4 and 5 pgave flow rates of 1.&0,0.32,0;60,0.h2 and 2.00m1/min
respectively. ‘The nylon tube-co-supported aﬂzymei §eré maiﬁtéihedf
at 25% and o 2:1{v/v) wasﬁ/sample ratio was usad. Subatrate, air,
0, Sti~sodiun g&etaﬁe buffer, pAS.5 nndlsﬁﬁnpgrid ﬁcre:pumped througﬁ
lines l.é,B and k respectiyeiy. For the meening of the symbois

sée seation 2.5.1.
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Fig. 6. Flov systen for the use of nylon tube~ -
supported dehydrogenases in automated analysis.

Yor the determination of pyruvate, oxalacetate and sthancl
using nylon tube-supported lactate, malate and gleohol dehydrogenases
respectively, the punmp tubing lines 1,2,3 and b pave flow rates of '
2.00,0.42,0.52 and 2,00m1/min respectively, Substrate, air and
buffer were pumped through lines 1, 2 and 3 respectively. The
nylon tubs-supported enzymes were maintained at'as"c, a 2:13{v/v)
vash/sample ratio was uted and analyses were performed ot the rate
of 30/h. The tube B was not included in the flovw system, vFor the
determination of pyruvate and oxslacetate using nylon tube-
supported lactate and malate dehydrogeneses respectively, and uaipg_
the nylon tubs-supported alecohol dehydrogenase to cont:muoualv i
menerate the MADH, the pump tubing lines 1,2,3 and 4 gave flow rates
of 2.00,0,42,0.42 and 2,00ml/min respectively, "‘henylou tube-
supported cleohol dshydroganase was inserted at rosition B in the
flov pystem, Substrate, air and buffer were pumped through lines
1, 2 and 3 respectively. The nylon tube-supprorted envymes wcré
maintained at 2500, a 2:1(v/v) vash/sample ratio was used and analyses
ware parformszd at the rate of 30/h.

For the determinetion of ADP using nylon tube-co-~
supported pyruvate kinase and lactete dehydrogenase, the pump tubing
linos 1,2,3 and b gave flow rates of 2.00,0.42,0,42 and 2,00m1/min
respectively, Substrate, air and tuffer were pumped through lines
1, 2 and 3 respectively, The nylon tube-co~supported enwymes were
meintained st 25°C, a 2:1(v/v) wash/sasple ratio wes used and
analyses were performed at the rabe of 30/h., Tor the meaning of the
symbols see section 2.5.1, ‘







Tn each case the pyruvabe, oxslocetate or ehhonol samplen
wore aseoyed by recording edthey the decrense oy inevesse of the
ghsovbancs ot 3M0mm due o the viilisabion o *nam::tian of NADH.

Cpypuvate ¢ BADE ————> lectate ¢ HAD®
Oxolocetate + BADH s> malobe  + NAD
Behonol . 4 NART ——> postaldebyde .+ NADH
AP sma ateared by linking the pyruvate kinvce pesetion to
inetate dshydrogonass and debermining the pyruvete produced in the

pyruvabe kinese regction vith excess WAV,

AP ¢ PEP e pyravabkes 4 AP

Pyruvabe 4+ HADE —> lactste + WADT
ADP & FEP4UADE —>ATP + loatote' A"

2.6,3: 4, w&oe«rmizm‘twn m Z‘vqutf\ uvmw Hylow )’ﬁbv‘*fﬁl’ﬂmri}@@
Inctote ’Jchvﬁrarena'w

Fyruvete vas deternined by inserding & 3m lengbh of nylon
tubs~onpported loetebe dehydvogennss ab position & in the flow syshenm
ghovin in Fig. 6 sud buffer of the following componition o.m«zﬁz?mh,

Lt BDTA, O, dpkDET, 1.0M-HADH, pHT.5 puwped Shrongh line 3.

2,6,3.5, Determination of Oxalsestote naing Hvlon YoherSupporhed
- ‘gg;}ﬂje ﬁahvds:o \ERREY

Oxolacatete vas deternined by insevting & 3m lengbh of nylon
mbe*mwpmteﬁ. mz:,lvta ae}wﬁrop'&mwe o.t posimon A in bhe i‘lmy ayGten
ahovn ln, Isie:.é Lma bui’%:‘el' of the im.loumg cezmor‘itwu G, JJ/I-»;{H l’ohg

‘!m‘iwm‘m, O, ‘er\iwmf‘l‘,! » O -HADH ,“(!-H? }umvpml ﬂzrou;gh 1’%115; 3.




2,6,3,6, Determination of Ebthinol using Nylon ‘l‘u‘be» upported
A;lcohol Dehydrosenase "

Tor the debermination OFf etht-mdl, a-3m length of alcohol
dehy&xroggxm;se vas inserbed ot position A in the flow system shown in
Fige 6 and O.lM‘v-I(!IQP% buffer, 1.00M-BEDTA, O,lmM-DIT, LOva-NAD*,

PUT 5 pumped th'rdugh 1ine 3 o

2.‘/"6;3.7. Deternination of ADP using Wylon Tube-Co-Supporbed
A Pvruvate Kinase and Lactate. Dehvdrogenase

AP was debermined by inserting a 3m 1ength of nylon tube-
co-gupported pyruvate kma. 3¢ and lac'l.a-he dehydrogenase at poultzon A
511 1“,119 flov system shovn in Fig,6 and buffer of the fol lowing composmtion
04 !;Mv-KHéPOM 2, 5mM=~PEP, 1,0mM-DTT, L,0nm=NADH, O,3M~KCL, 201:‘1\1«-1&;;012,,

PHT .4 pmaped through line 3.

2,6.3.8, .Generel Procedure for. the Conbinucus Production of NADH -
from NAD+ for ‘the Assey of Pyruvabe ond Oxalscetete

Nylon ﬁt&bemappﬁrﬁed alcohol dehydrogenase was inserted ot
position B dn Fig; 6 end continvonely perfused with‘ 0¢1ﬁ~§{1{éﬁ0u buffer,
1l.omm-§zbf’m,' 0. ImM-DIT; 2iM-NAD ", BOOmM~ethenol, PHT.5. The effluent
f'-*om 'che alcoho.i. dehydrouenaae 'bv.be was then mixed with the air-segnented
ezample ghrean cmd perf‘used through the seeoml enzyme coil inserted atb

o T

positon A,

Eghanol 4 NAD® ———3 Aceteldshyde + NADH

o Pyruvate : : Lactate eyt T
of - b NADI —-—-———} ov o *!- NAD’!. '
Oxelacetate Molabe '

NN

‘4




2,6.3.9, Detornination of Pyruvats usigyz Tyion Tube~Bupported uetets °
'  Dehydropennse ond Hylon Tubs-Supporbed Alaohol Dehydrogenage

¥yvlon subg-supported lactate dehydvogencse and nylon tubes
supported alechold dehydrogennse weve inserved ot positions A&D respecet-
ively in Pig.6 ond 0,10-KH PL’), buffer, Toi-BDDA, 0«3&&5‘"«13’25‘1? _.nE“leml} &
WO0mM-gthanol , PHT.S pumped thyough line 3.

2 ,m:.u 0. Dastermmatmn of Cxaelacetate usaﬁg Hxion Tuuew‘aumorte& Malate
Deiwdragenaaa and I»'vlon "hbamuymrted A}.cohnl Belwdropana

Nylon tube-supporbed melatse dehydrogenase end nylon tubw-
gupporbed aleohol éeh:;ﬁrop;exzase vere inserted ot yositions A&D vespech—
ively in Pip.6 m&d mi'fex' of the composition 0.1"4-*!{11 PQ! s SpM~EDITA,

Oalmj\-{»}) B, Pl m\!) l;cammethem:., PHT .S punpad t,hmwh Yine 3,

Anodytieal Methoda used for the Detex'mmnmou of Pisncohorides

2,6.%.1%, Deternination of Sucrose using Hylon '.[‘v.xbe-supmrteﬂ Inverbose

Suerose wos determined by neasurcnent of the gluecose Lormed
in the ongymie recction Ly the DNSA mthqﬂ of Braneyr (196h).

Buerons ———=> of~D-gluonss 3 D=fruotose
redueing ovgor J~omino-S-nitro

F” sk 3 o &
ROH peliovlic aold

3, 5«Dinitrosslicyiie nelid

The flow sysbom used for the determinetion of suerose using
& 3o engdh of nylon mbawﬁ;upzm'ted invertose is shown in Pig. 7. Afber
being alr-seguented, the somple streom containing suerose m;d mirved with
0. S4-gadinn aeetete tuffer, phs.5 prior to boelng perfuned thwough the
nylon subs~supported invertose which was mainteinsd ad 3’(06‘, " ha

affiuent Lrom the tube, containing glucese os one of the reoobion







Fige 7. Flow systam for the use of nylon tube-

suprorted invertase in automated armlysis,

For the dstermination of sucrose with nylon tubse-~
supported invertads, the pump tubing 1ines';,2,3;h-and_5 gave flow
rates of 1.20,0.00,0.32,2,.50 and 2.90m1/nin respectively, The .
nylon tuhe~supported invertase.wac maintgined at‘37°c and the |
heating bath (IB) meintained at 65°C. A 2:1({v/v) vash/semple ratio
vas used. Substrats, air, 0.5M-sodium acsetate buffer, ph5.0 and’
0.6%(w/v) DHBA in 1M~KOH were pumped through pump tubing lines
1,2,3 and 4 respectively. For the meaning of the symbols ses

geption 2.5.1,
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produeta, was then mixed with 0,68 {(w/v) DHSA in IM-KOH ond pasacd
whrouzh o pbandard deloy coil al 6500° Ph won suvbsequently degossed

ond 3o exbinotion ab ShOmm recovded.

2:6.3:12. General Procadure for the Debermingtion of Disacclinridos
naing Iinked Busyme Systems

2 wethods wore uged for the determinoiion of disngcharides
using Linked snsyme aystems., 1) The sppropriote dissechevidace and
glucone oxidase veve immobiliszed ento the aame’ﬁm lengbh of nylon
pubs end ingerted ot position A in the flow syeten shown in Fig.8 and
2) the-apprapriaﬁe'diaacahariéase end glucoss oxidase vera émmobiliae&
onto separate lengbhn of nylon tube and inserted into the fov systen
shovm in Pig. 8 at positions A@B'reavectivalyn In eogh eose the
gluéaaa liverated vos doterminad apectrophotometrionlly by the acld/Ky

mebhod (oee seobion 2.6.1.1.).

The semple otream condaining the dimncep&ride, Qas ajy~
sopmented ond mixed with buffer bofore balng pevfased through the
% Jinked ensyne coll or colls. Whe sewple streon wes then agidified with
1., 25M-10L Polloved by 0.294-KI and passed thvough a 5tanaarﬁ mixing
eoil. Finally, the solubion wes degossed snd its emtiﬁetion af 3honm

reedrdad.

2.6,3.13. Petermination of Sucrone

Pig, & shows the flow oystem waed for the detoevninabion of
sucross uring invertose and glucose oxidase fnnobilised as deseribed

in methods L and 2 (sce seotion 2.6.3.,12). Buffer of the following




“

379




Fig. 8. Flow system for the use of nylon tubs-

supported linked enzyme systems in automated analysis,

Tor the determination of sucrose, maltose and lactose
uoing nylon tube-supported invertasa, amyldglucosidase and
F—g&ﬁﬁtosid&se respectively, placed in seriss with nylon tube~
supported glusose oxidase, the vump tuhing-lihgs 1,2,3,4,5 and 6-
gove flow rates of 1.20,0.60,0.32,1.20,1.20 and 2,50ml/min
respectively, The nylon tubs-supported enzymes were maintained
at 37°C and o 2:1{v/v) wash/aample ratio was used. Substrate, air,
buifer, 1.256-HCL and 0.254~KI wers pumpsd through the yump tubdbing.
lines 1,2,3,k and 5 respectively. For the détermination of suerose
cnd neltose using nvlon tube—-co-supported invertase and glucose
oxidace and nylon tuba-co-supported amyloglucosidase and glucoss
oxidasa, the vump tubing lines 1,2,3,4,5 and 6 gave flow rates of
1.20,0,60,0,32,1.20,1.20 and 2.50ml/min respeétively. Substrate, air,
buffer, 1,25M-1C1 and 0,25M~KI wers pumped through the pump tub;ng
lines 1,2,3,% ond § reepéctively. The nylon tube-go~supportad enzymes
vere meinteined et 37°C and 2 2:1(v/v) vash/sample ratio vas used.

For the meaning of the symbols see section 2.5.1,
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gomposition 0.%5-sodimn ccetobe, PHS.0 vas pumped through line 3.

Sncvose —> ol-Deglugose  +  D-fructose

o{~D-Glucose ——— B ~D-glucone

B -p-Giucoss + 0, ——> D-glucono ~§ ~ lactono + 0,

i}mt}:i.u.emmms - mc'tsox;e & xi;,o-——> gluyoenic acid.

& " ¢ DY, - T P O2KGY o 2 .
B0, + BEI ¢ BHCL-—T, & 2KCL -+ 2H0

2,6,341h, Debovninebion of Iastose

,‘B}hé-flov systen usad for the. Q.et;emin%iém of lactone uning

P ~gelnotasidass and f&‘tuéost{ oxidase, :Emmobﬁ?,iéeﬁ: as vdexé’crihgﬁ in mebhod

2 (oee seotion £.6.3.12) im shown in Fig. 8. 0_.55.1*13139?9,; buffer, St~

¥glL,y 0. 25mM-EDPA, pHG.S ves pomped. through Line 3.

1A0UOBE w——— Degalactoge + Fv-rmgluecsee
wPeGingose ——> o ~D-glucoso

(3 b e o +Dria =

P«Dw&luoosa' P ,0.? > P ugono- g lactone & Ha o
D-le;oan @ loatong  + H?G — f;}az_auﬁic acid.
1,0

s * ST & PEOL—D T, ¥ 2KCL 21,0 -

2,6,3.05 Doternination of Maltooe

Pig. § shows the flov systes for the deternination of maltose
using emyloglucosidase and glucosae oxidose imobliizéa o8 gieseribéa in
mothods 1 and 2 (see seetion 2.6.3.12). Duffer of the following

e'qmmsitian 0. SM~godiun acetate;‘, pHS.5 van pnggueci'thmugh iine 3.




Moitose ——=> ol-Deglucoses +  BeDoglucesc

@ wJ«Gi!.ueosé & 0?-——9 Dm{g—;lucanowg ~lochone  + :s;?a\

I~Slueonos gwf!,a(:_imna 1{23 — plnconice aelid

"% + gkr + amn —>73T, + L + AP

2,6,3.16, Doborminsdion of Penicillin ¢ using Nvdon Tube-Supporded
g Pandeillinons -

Ponicillin @ vos debermined ccloprimeizically by hecsuriog
the deorease in extinetion et 570w of staveh/icdive. solution due to
he veetion vith penieillole nedd libeweted Quelug the sneymdc

.\?ec&éﬁ:‘x_on.
Ponjolidin ¢ « BO > Pendedilicie aeld

Pie. ¢ shoun the flov cystem used i’é'r the determinndion of
pxéni.eillﬁ.ﬁ G using vylon ﬁubewsupparte& psﬁi.é:tllinmae. Tha sanple
sbreon condalining ;;taxz‘:?.'c'i;llin ¢, was air-#s;éggméntéa; wined with Q.2
Kﬁé‘zfﬂh beRfer, pE6.S and’dhen paosed bhrough the émsy% & tubs mainboined
- ab ;,B‘jﬁh Upon lenving the_a Hube bhe straan wes mined with o nolution
of 0,184 (w/v) soluble shaveh MOmi-Rl ﬁmh 0,08t t-4odiv0 ,pl6.6 and vassed
?‘.hréug:;h o shonderd mixing coil, I}.'*'izmz.lzf, the oorple stresm was degponed

and e oxbinetion at 570pm rosordad,

2:6.3.17. Doterminntion of Ures using Nylon Tubs-Supuorted Ursase

TR e R I e T P A

Uren wos doternined by nensurenent of She smionia Tormsd in
the recebion by the mebhod of Chauey & Morbech {1968) (sse sestion

(?Iﬁqldg)h







Fig. 9. Tlow system for the usge of nylon tube-

supported penicillinase in automated enalysis.

For the determination of penieillin G with nylon tube-
supported penicillinase the pump tubing lines 1,2;3,4,5 and 6 © -
gave flow rates of 0.60,0.60,0,42,2,50,0,42 and 2,9ml/min
respectively. The nylon tube-supported penicillinase and the
heating bath (HB) were mainteined at 25°C, fSﬁbétrate,’air,- -

O.QM"KHQPOh buffer, pl6,5, 0.15% scluble starch-in’O;OSM—KH?Poﬁ

buffer, pHG.5 and O,SmM-iodine were pumped through the pump tubing
lines 1,2,3.) and 5 respectively. A 2:1(v/v) wash/sample ratic

was used. Tor the meaning of the symbols sees section 2.5.1.
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Tha Piow syoten usad for the dotevaination of wren uning
nyion tube-suppovbed wreocse is shovn in Tig. b., 'ﬁhe ‘somple Ghreen
containing uren, vas £iret eir-pegmented ond then mixed with 0. 5M-
KH X’Gh buffer, ,:mI»LM‘A W PHT O zsr-fm' to balng ari'zmx,ﬁ tlrough the
pyion tube-~supported uvense, which vas nainteined ot 37° G, Afoe
leoring the tube, the vffiuent vontelning asmonie, ns one of ihe
produets of the venetion, was £irst nixed with Reagent A(0.006 ‘:5(w/v)
podium niismprusn%de in ag a8 (u/v) goheml) i‘o:!.‘;!.mmﬁ by Rﬁa,{wnﬁ B
(56001 in G.Ssax.nmn contm,mn,,, 0,200,155 a@-‘iﬁ.ﬁbﬁ.@ qﬁlbfiée). Phe
pample sbreonm tas then ;pam:eﬂ throuch o ctondord delay coil ab BTOG,

after vhich 16 wab degnooed and Vbe extinetion ab £30um veaorded,

Am;i.y'a'?a of Fermeantation Troduchs ursinp; mr&on
‘E’u‘m« anporhad L‘nmvmﬁ:q

2,6.3.18, Beterninabion of Perdeillin U in Fewmentotion Proths

Culturas of Peplediliun Chrisonenun wvevs giova dn the.

folloving mauner: . a Rapew-Stecy glops culturs of P.Chryoorenun
{stroin BREL-LOGL-D2%, o gift from Do, B.G, Jolfveys, Twperial
Chemieal Tndustrles LHd., Alderley FPark, Chaeshizs) sme subroulbtured
into 2 Asres of Uookenhwlis defiuad mediuwn (Dookenhull 1969) which
aluo conbained Q.05%{wfv) phenylacotie ceid,0.08%%{w/v) NgSOl SO0 58
ot I\Isi.iw:‘},()qﬁmuu(w/v) ‘:%nu()! pO W 035 i&(m’v) KR va, 0027 (v/v) !3:130,4
ijﬁ&é SS.. ‘i*ha culturs vey vopidly ostiveed vith ceration ob '»"‘"QG without

i eontrol.

Somples vers rémoved from the fevseniier ab regular

inbevvnls and the pi mensured, after which the penicillin G level ves

[y
f;{o




_detez‘mt?nea woing the mothod described in section 2.6,3.16.° The
pendeillin ¢ eom:cm; was in‘hem,cﬂ u.ta?. from a ni;andm‘a gurve conpiled

by au’bjeoting Town smomnt’s af- pemullin G 'i,a the nasay *mmeeaure.

2.6,3.19 D_e'bermgpatian of }::t‘mmul and Glucose i& ’ Yeagsjz Gulti_zres

€X 8 ugose wan i’:_mentcﬁ in the fellmum manncrt 2{; of, clriaa
bekers yeast (Distillers (!om:_any m.a.) zrare -"uapcmﬁed in 3. Litre o“
medimn coﬁmining g Mallt exitract (E’ao'bs I’um Dmp GQ.Lt&. ) g 3653;
glugose anei.')(; .ci.tz‘:_ie mi&, PHS 5 "‘ha ne:}iura WK m'ezmraa °hh befors
Asé ‘cd allow camplaﬁc: mumroisatien of tha glugose, The ms,}:bure ms
fatirrad ab '%? ¢ and semples removed ab ro{;ular mtervalx, in order theb
tha gluco.m m\cl othapol levels could be deternined, For *ams, glucose
was deternmined weing the method deseribed in seotion 2.6.3,1. end

ebhonol was deternined using bhe method decoribed in section 2.6.3.6.

2Te &xg;g,p_ggs“%;}.ﬁn of Glusose

2oTada riu,,aros':.a‘:n on of Glueose wsing Hylon E}’ubamummrted
Envertane and ilyion 1‘&13%&1}9103%&& Glucose Oxidase

Mo, § shows the Tlow systiém usad o follov the mnﬁm;ota‘sion
of é‘!.ﬁcosa using aylon f:.ube-sum*orted inverbase inserbed ab posikion A
and nylon ﬁube-«mngorwa e;luaom nxw.dnse ab wsmion B, !\ goriss of
delays were introduced m‘bo she flmr -be'b@m bﬁtsm,an roc:uhmnv A&B by
inoerting o var’fe't;y of mtxing‘ (zm.ls e.nfi dnxay cmla. In eogh cane the
nyll.on %ube"supmrl,ea on?mnca rere ossayed by the procedure -deéaribad

5.31 seetion 2.0,3.13,
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2.7 8 Measurensnd, oF the Rote Constonts fov the Mutcrobetilon
of Glugoss

The vabe aonstents for the mtovotation of glum 10 were
dobernined ob '( C in noobebe Hulfersz,piB.0 using o Hilgey & tobte

T Folavineter (Bllger & Wests (%, ), London).

0.9 of *mmlar*_ sligose were Glssoived in She eppropriate
agetete uifer at 37 (1, placed :m a Som Light paith oell and wounted
into the polerineber. Rendings wede bakon of fthe anplc of zotation
évexy émi_né s t.hc:- rosults plobted iu thoe Sorm of o Pirst _qrc‘iex' log
PG Phe Tog of the ehonge in vobation wa ‘piotted agninet tims
gi;ving .m.l iine of negative slove. The rate constany of mla‘aardmtim

vop thea calovlobed 1# nensurement 0f the nlope of the Line, .
h.3- p
——
A ~Dvoogs ﬁ*ﬁi«‘-ﬁg}.zzeaixa

1{?

’Uhe sv;r Wrm b’ﬁuwes us o Pirst order one with effective rate

'mnﬂbma zsﬁua? 1o t!m g ofF k

1 1";1’1‘3- 1:20

Lot o¢ o engle of rotation at =0 nins

t by i ~ et X
€ (x ‘a o] & t""‘t‘; 4]
¥ o(,{ " M eauddibedom

Bince the asyston obays flrot order kinetics. » & can be
phown Fhat

2 o) b o BE 4 & %
Imge(olt % ) 10%6% % | S (kl#-:g_) i

o Iog,a(e - o) & dog, o(x —oc) ~(ky k) @

e




Tiues o ploh of l@egmioch-r vsé) against ¢ should yield o

osteoipht iine of :-ilbpa “(-iﬁg_ﬂ‘:g /2,303,

.

2.8, Determinntion of Protein Conceptrabion

Protein in polubion wos elvays dotemined by the microbiuret
nethod of Tonkehd & 6331 {1964). In coch cose veference wns mode Go
o stondard cuive compiled by subjeobing keown omownts of epy albumen to

the sasey procedure.

o
s




Results ond Diseussion’




3.1, Supports end Eneyme Tmmobilisation

3.1, Ynzyme Tawobilizetion

| (Mubaveldehyde hos some properbies, vhich moke it an
ettroctive conpound for wse in aneyne inmobilizetion, For exemple,
it is velatively mn—«taﬁ.e, eany Lo handlc and readily availeble ot
low coab. Furthermove, it affords o fsecile nebhod for tha preparabion

of inmobilized enoyme derivatives.

Fogynes hove been funebilized wsing glubereldehyde by three
aifferent methods .. Gulocho & Richords (1966) cross~iinked corboxy-
papsidase by inevbobiog thc cnayme and glutersldehyde btogether ob
roon temperature and in 1967 Hahooh immobilized trynsin én AL
eollulose by aresha'-linkiug tha enzyme both o and ‘avround: tho swgpori;_
with glujoraldeohyde, by incubsting @ll three m@teriais tog;athar ob
roow bemperature.  In 1970 Sundayem & Hornby immobiiizsd urease onto
hyclrolyi;icm.ly cleaved nylon tube by Pirst perfusing the tube with
gluteraldehyde, woshing free of physicelly edsorbed glutorcldehyde
'aﬁ& then perfusing vith urepse. Sinoe gglm’;,am}.@ghygﬁ is o suell
- molecule (Mol ub o 100)9 She possibility exiat:; in the first two methods
that whe glutersldohyde may veset exbensively with the onsyme thus

profucing on over-substituted derivetive vhose cotolybic ectivity may
| be inpaired. ﬁw&w&i‘y this ypcssiﬁiliﬁy is 'méra 'remoﬁ_e in the Sundnrom
& Hornby procedure, sinee the. glutareldehyde is :»‘,mm.obila‘.md onto tho
nylon matrix before the ensyme is edded. As 2 consaquence, the

veoobivity of the gluberaldehyde tovawds the ensyme moy be greatly

P

e




rastrieted and so it i provabls that the groups on Yhe protein
molocule reaching with the plutaraldehyde avae Limited vo those

situnbed on the periphery of the moletule.

Ogato.ob al. (1968) prasented ovidence that gluteraldehyde

combines with the free £ ~aninoe gyoups of iysine residues, wailst

Hobash & Hiremoto (1068) impliceted the amino aclds histidine,

tyrosine, oysbeine ag well as lysine. Turbhermore, the nature of the
Linkepe between the glutoraldehrde and the protein is uncertain and

two possibilitiss hove busn dlsousssd by Richovds & Kmowles (1968).
“The flres propossl conslders that the glutaraldehyde exists in solution
in an olipomerie form, ag o resull of aldol condensalion vepeblons, .
vhich recult in uuseturated molecules. It is then possidble fbr protein
mélaculcs containing voprotonated anino groups to reeet via o Michael-
type addition oevoss these double btonds (Fig,10). The second propossl
considers thet the gluteraldehyde reacts with the £ree smino groups on the
cenayins with the formation of o Sehif? base-type linkegs. The conditions
neeessory for the two renctlons ave similar, fov exomple, the freeo amino
geonps would nesd to be unprobonsted for bobh reactlions (o ocgour end
conaaouently pH velues favouring dissociation of the emino groups would
Povour oithoy method, Howsver, the funetional capseity of gluteraldehvie
%o venet as a bifunctional reapgent lo essentielly the same vepgardless of
the nmechenionm of its reaction with amino groups, sinss the end vesuly in

ecnch coge Jg an offective immobilization of the enzyma.




(a) Aldol Condensations

OHC. ChZoCH ¢CH2 . CHO R

Dimerisation

\%

i I H=C o CF 1, i
OI'IC & C.Hg ® CI‘I2 L] CHE o c.ﬂ-—-(l: o 0112 ¢ 0-12 ° (II.O
CHO
OHCoCH2

CH oCH=C ¢ Ch? T CH. C;QoGH?.CH?.CHO
HO CHO

(Structure 1)

(b) Cross~linkine Resctions

v A T ar N[ Hoe O e GH CH o G = CH= G H_ emsmrneomee
Engyme. NH, + 1 —-=>  enzyne-Ni-CH <|:H CH,, = -CH~CH,,
CH=

CHO H—enzyme

engyme =NH Wil-enzyme

Tige.l0. The proposed polymerisation reactions of glutaraldehyde

and the subsequent rezcitions with unprotonzted amino grouvse.
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3.3:2. Support Struetures

Three Giffovent 'i;ypaé of ouppoert strucbure can be considored
Ffop the prepevation of inmobilized enuzymes for npplication. in eutomebed
ennlyticol flow syetonme. These structuves ore: & tube ugsed in the
Porn of o coil with the enzyne ivmobilised onto the inside surface, o
powdey uoed in the Torm of e zmall packed bed cad a mebrane with the
enmyte imnobkilived avound and within the wairix of the menkrsne and
woed in o contimious dlplyser module. Fig. 31 shous these thres
Aifferent structures and the waye in vhieh they may be uwssd in continu-

ong Dlow-bhrough provensaes.

OF the three differsnt Lypos of support sbtruatuve deseribed,
only the nylon powder has reedily eveileble frecamine groups {sce
seation 2.1.2. )." However, afber cleavage of the inside aurface of
nyion ﬁuﬁﬂ, feon anino groups nay be deteeted by pevfusion of the tubs
with 2,4,6~brinitrobennens sulphonie sold in sabuvated sodiuwa tetra-
torate ond obseyvation of the characteristic yellow golour. Thecefore,
the demobilization of protein Lo thene o stvuctures, uweing glutor—
oldéhyde, nay be enviseged as procceding via o renction between the
fees amdno groups on the support and one of the aldehyde"‘s‘,%znet.ionu of
the glutaraldehyde ond babtwesn The other aldehyde function of the

plutarpldohyde ond Free awine groura on the chzyme profein.
At 3y

 On the othur hend , nylon menbranes have o be made from high
potecular velsht nylon, sinee low wmolcoulsr weight nylon is too
brittle and lecks the mechenical properiies required for membrone

Tormation. Therefore, the nylon membrane has covvespondingly fev frec
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. (a) A_Tube

substrate [~ \\ nroeduct
-

A\

(v} A Pocked Bed

substrate

0
"
O

oroduct

N/

A Jien (2 )
(2] Amirens substrate

\a ' l

product

\4

Figelle The use of immobilized enzyme structures in continuous

flow-through processes,
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aroups end by virtue of the requirvement for mechanieal strength it
canno® be hydrolysed to Liberate move €rae end groups, Consagusntly,
the frmobilization of an enzyme on o nylon membrene vequires o
method which is notd dependent upon the presence of fres smino, groups.
Phue the ensyne and giuhm*alﬁeh};&e moy be added o the menbrane
togethey, resulting in o genersl cross-linking of the protein cround

fofeg
wmd vithin the pres of the mrlon membrane noteis.

o P . 18 Proparatsion of ¥vion Tube-Sunported T GVIan

Table 3 shows the effeet. of prebtrentmant of the n;rlon tubas
with 16. G{u/v) Ca6§.2 +18. 6% (w/v) water in methenol on the agi:ivi-i;y of
nyion tube-supporsed enzyme devivabives., Doth the nylon 'bub9~supparteﬁ

tridzole~tranted glucose exzﬁase derivatives were :prep red undey
identipel’ condisi cms, oxcept for the pretveatmont of the pxt ad tuba,
and thm.r ezc:‘invib'y wae determined by aspaying somples coummmg Bt
c«;lucnse using bhe mebhod deseribed in seotion 2.6,.3.1. Simi.lm*ly,
hoth nylon mhsmsum;mr'bea.ﬁraase derivabives were preparédi .ﬁn:le:-:'
identical écﬂdi.tiom, exeapb for the pretvestment of the pitbed tube
and their setivivy was debernined by angeying panples conteining

0. dM~uren using the mebhod deseribved in secbion 2.6.3.17.

- These results show that this proeess inevesses the ootivisy
of 'ché 'na;’idn.'tuhmmswpmrtea urease ninsfold, and 1;113,1; of tha nylon
tube-supporbed c;luc-o 1¢] ox;idusa olghtfold, in both nases relative to
the aomparable ﬁarimtwcs prapoved from ncm-pitted nv:!.on tuba, Tha

ibting bmcmm renovesn the regions of onoyphous rw:l_on from the nylon

sbrueture lesving the regions of arystalline nylon intack (Du Pont do
Nemours & Cos, 3970).  As & rasult of this process, the wetde ebility
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Toble 3

Tha effeot of prebrestmeont of the nylon fube with
18:68{ufv) Ga612, W68 6o fv) vater in mebhunol on the sobivity
of nylon tube-supported ensyms derivatives,

Deyivative hotivity of derivotive Aebivity of deriv-

proparad vith nou- ahive prepared with
pivted nylon tube pitted nylon tube
Hylon tuba-supported 0,0m% 0,170

triazole-trested
glueose oxidose

Nylon tube-supporbed G.Gaﬁb Ouaﬁob'

urenna

n) axpressed s the increase in exbinetion ab 30on/m length of
aylon tube=supported triosole-trasted glucone oxidase wvhen o

SeM-glincose somple uas assayed op deseribad in scetion 2.0.3,1.

b} expressed as the inovease in oxtinetion ot 630nn/m length of
nylion tube-supporied urssse whon o O.Indures somple was agsayed

ng deseribed in oscbion 2,6.3.17,




of the nylon surfeps is inerensed, thersby moking it move hydrophilie
and corregpondingly nmore favourcble ap an environment on vhich to
immobilize an enuymas At the gome time, the renoval of the cuovrphous
nylon cleéreaaaa the velght of the nylon structure (Du Pont de Wemours
& Co., 1970) without destroying its stracturcl IntegPidy and so this
process mush eloo intrease the surfnece orea of the strueture. As &
consequence of this there i o frenter surface aves aveilabls por wnls

longth of tube For the impobilisation of enzyme,

These two offeobs cen cccount for the onhanced acbivity of
the nylon tube-supported engyne devivetives, which were vrepered with
};le.ttad nyvion tubei i.o. the preater surface nren r&éultm in more
enzyne bolng immobilized and the inereased hydvophilieity results in

a wove favourablccenviromment Por ehzymic nobivity.

3.1.h. Preparation of Hyion Membwone-Supporbted Insymes

Table b shous the offcct of sdded enpymetically inert
protein on the prepavetion of ruembram-;unpportea lucoss oxidane,
For this, a nylon membrone derivative wan prepered using the tviazdle-
 treabed glucone oxidase end 148 ootivity compared o bthet of o similoy
menbrans prevared uping the tvimole-treated glucose oxidase, to which
had boren tyﬁgeﬂ 1onp/wl of haswmoglobin, In each ¢ose the membrane-
supported aerivativga were ausoyed using the mebthod degeribed in
section 2.6.2.1., The resulbs show that the derivative prepared in
the precense of haemoglobin wns approximately twenty Limes os aéi;ive

on the derivative prepored in the ebsence of hoemoglobin,




Table N
The offeet of catoldyticelly inert protein on the
aetivity of nyion membrana~guvported tvianole~tvented glucose
oxidose,

Ingyme coupling Aetivity
solution
3. 5mp/ml seiasolotrected glucose 0,082
oxidnse
3.5ng/ml triasole~trested givcose 0.275?'

oxidass gcnbainina 10mz .
hoenomlobin

2) ozpreased as the inerense in oxtinetion at 3honw vhen o

20mMeplecose somple wons ssscoyed os deseribed in seotion 2,6.2.1.

b) expresced ns the inerveass in extinetion at 34Onm when o

SmMeslucose somple wes aspaved as described in seotion 2.6.2,1.

ot
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Jonsen, et al., (ROTL) showed that on fmmobilized
dwimﬁim of wmercuripapain-chypotrypoin qould be prepored by
erosa-Linking the 1)3:*0;&@:1:&{3 wogether vi't;li glummmehy&m Therefore,
3% 4 voopible Go expi&ixs the incrensed cotivity of the nylon
memhrzme«auppérm@. glucons oxidase which i prepared in the presence
of an excess of c.:émly‘cicnﬁ.ly inert protein, in terns of on incressed
yvicld of ovoss~)ivked pm{m'ing ‘coused by tho oversll inerease in the

initiol amount of protoin present, '

3o3.5. Preparation of Nylon Foudsr-Supported Enzymes

nsymes éan be immobilized onbto aylon raox;}aer by the nethods
deparived in scotion 2.2. 4 prevesuisite of this nethod in vhe
availobility of free snino groups on the surface of the nylon powder
for renobion vith the bdifuncbionsl wvesgont, "i'}'__ze‘sa mey be generated
by one of two processes. Rither the polymerisetion of the nylon may
be aborbted at an early atege, thus proauéiug low nolecular velght
nvion with a cdrres?oﬁdim; high equivalont of end groups, or the end
growps way be Liberated from commerciel high moleculey waight nylon
povder by procecses such as those deceribed in scetion 2.1, The
mt;ter; vrocess hap the ‘disadvantone thn.f .‘i;he fsreaﬁaent, whereby the
emino groups are libevesed, mey produce fines shich would impaiy the
£lov cheracteristics of o packed bed prepared Tvom this znat’e;ji&l.
Conmequantly, in rlel gubsegquent experinents low wolsenley welghd nylon

poider was used fov the propevetion of immobilized enzyme darivotives.
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3.2, Aubomated Analysis

FeRele Dobernination of Glucose uging Nylon»ﬁﬁﬁnorted
Triazole-~Trasted Glucoss Oxidose '

Pig. 12 shows the effect of sempling robto on the calibration
ourves obtoined vhen stondard solutions of plucose wverg assayed using
the three nylon-supporbed triczole-treated glucose oxidass derivabtives
nylon tube (Pig. 122), nylon povder (Fig.l2b) and uylen membrong
(Fig.1%c). The asosy procedures used with each of these aerivati;ga
ore deseribed in sﬁctions 2.6.1.3., é.6.2.1 ond 3.6.3.1 for the nylen
pOvder nylﬁn membrané.anﬁ nylon tube derivapives respeebively. _Ia
all cases increscing the sempling rate deciensed the sensitivity of

she osany procedure. o -

By rafercnge to wtondard cﬁrﬁéeg vhich weré'conaﬁrrently
compiled by subjsciing known goncentvations of Hzﬁa to anch of the
thvee assoy progeduras, the efficiencies of the nylon-supported
grinzole~trented glucose axidase,derivétivaa wéré aveluated 5y mesouring
the peresntnge repction of Sumil-glucose souples, ﬁhcn &séays are
pevformed ob the vete of 20 semples/h, percentoge venetions of 3.9,
2.9 ond 0,5 vere obtained for tube, membrane and povder derivatives

respeetively.

3.2.8, Datoriination of Uresn naing Hylon-Supported Ureasso

Pig.13 shows the effect of sempling rote en the eelibration
aurves obbainzd vhen standard solutions of wresn veraﬂagéayed using

the thres nylon-supported uresse Revivedives, nylon tube (Fig.i3an),
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¥ig.l2. Sitendard curves for the sutomated determination of
glucoge with a 3m length of nylon tube-suvnorted triszole-
treated gldoose oxidase(a),250mg of nylon powder-supporied
triazole~treated glucose oxidase in the form of & smell vpacked:
bed(b) and nylon membrene-supported triazole~treated glucose
oxidmse(é).

(:EQOsamples/h;E],30samplesfh;£&$40samplog/h;Eﬂ,éOsamples/h.
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peoked bed(b) and nylon membrene-supported vrease(c)e
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avlon povder (Fig.139) and nylon membrane (Pig.i3e). The assay

prosedures Por ench of thess derivatives ore desceribed in ssobiouns
2.6.1:2, 2,6.2,2 and 2,6.3.17 for the wylon poder, nylon membrane
and nylon tube devivabives vespeatively. Tor bobth the nyion btube~
ond nylon yowdev-supported deprivatives on inevense in tThe sampling

vobte enused & dearense In the sonsitivity of the astay.

ALY thwes Flov systens were aadibrated. in tevms of the
amonnd of ammonie produned by subjecting stondard solubions af
;&IHI_‘C*'; o he vavious assey procedurss. In this way the affleiencien
of'the -’ﬂ!iz’:gse derivatives for the psony of uven wors compared. ¥hen
LE 3:¢M-tmea samples were :a,éamy'ecl at the rate of 20 demples/h, valuss
Tor the pereentags hydrolysis of 81.3,16.0 and 7.5 wvers obtoined for
the tube, povder and menbrone derivabtives rospectively.

3.2.3. General Congiderations on the nee of Hylon-Suvported
Engymes in Autonabed Analyveis

Table 9 swmerises the rssulbs obtoined for the threw

tridzolo~trented glueose oxidase ond the threw urepsc c‘iarivatives.

b may be seon thob in each ecape the nylon tube-supporbted derivaetive
yielded the higheob peveentase conversion reouliing in the highest
produet concentration snd consequently the greatest sensitivity.
Howvever, the nvlon povder-supporbed devivatives hed the highaot
petivitios, in tomms of the poveentoge conversion /s rosidence time

in the impobilized ewsyme sbyructure, This is boeeuse the powder hes o
much greater surfoce aren fov the ebivehmant of enzyme then elther the
tube o the menbrane end therefore the concentration of imuobilized

onzyne in the pecked bed wild be correspondingly higher then the
76




Tatle 5

The activity of nylon-gupported enzyng devivatives

Derdvobive Produes Congentve~ # Conversion Auﬁivityﬂ
sion (m)

' Hylon tubersupporbed 0.185 3.7 0.06

wisnole~tvented

gluess oxidase

Hyion pouvdsv-supportead 0.0825 0.5 3,33

triszole~traoted

ghucono oxidage

Hylon senbrons-supporhal Oy 2,9 0,02

trioaole-treated

glavoss oxidase

Hvlon tube-pupporbed Q.62 81,3 1.2
urease

Nylon povder-cupnortod 0,032 16,0 10,7
nronss

Hylon menbrens-supnorted 0,015 TeB 0,05
nreane

n) exproased as the porcenbage conversion /s vesldence $ine iv the

inmobilized ensyme structuve.

Glucose assuys vere performed with SmM-glucose ond ab 20 smaples/h.

Uran, gienys were performed with O.loM-ures and at 20 samplos/h,
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congentrabion of inmobilined ansyne in either the dubs ov bhe

menhrone sErueye.

Towevar, the sresher percentoge conversion of substrate Lo
produet in the ﬁub&*'suppox;i;ed derivabives uom};;;wed b0 bthat of the
povder-paprorted aeﬁvm‘:;ivsm con b nceounted for hy the groater
ropidence dine of the oubstvete in the Towmer structure. Tor instance,
the void volune of & poacked bed (h,0x0.2en) ig ap;pmximﬁély 0,051,

and pevifasion through th@lmcked bed ot o Mov pate of 1,20m1/ain
eoaults in o resldencs time of 2.5 8,  Whilst for ¢ Zn lcm_.:};‘.:h of uylon
tube of inbernal dlancbor O.lewm, vhe Inbernel volume 1g 2.3%5m) and vhen
the nylon tube is perlused ot a flov rato ci‘-é&:ﬁml/min the venidence
time in the tube is G3s. Therofore the sawmple hes am)roxi;ﬁately n 85
fimes graa‘i;ew_resi’:!.am@ Lime in the nylon tuba-supported darivetive

than in the nylon powder~-supporsed derivabive, -

Pigo, 12 and 13 ;-:.hm:r' t};a% inersnsing the sompling vote
deorensad the sepeltivity of the ssooys with the nylon tube~supported
aneyme slivuctuvess . This is o dowmon oboervedion with all szufaxz1atos3.
anolysieal \'seeliul_ique:sg vhich ove bosed on the Teohnlcon continuous
flov-theousgh prineiple, Thoe eauue of Hhis hos becn aeoounted for in
torws of an ineveese ia cross- contemination duc to the shorbter wasgh

4imes between samples,
It wag possible 4o user highey sempling vates with the tube-
gupporsed derivatives thav vith eibher. the.covrooponiing povder- op

membrang-supporied dorivativoes,. A% cawpling rates in excsss of B0/




for the powder-supported dorivetives ond in excoas of 30/h Tor the
menbrane-supported derivabives the shepe of the ,39::1131& penks fyom the
vesoyder wers considerably distortiod and significant base line dwifi
was obseyved., Howewsr, as ghoun in Fig.il the yvecorder ‘brm@,f;- obieiacd
with the tube-supported devivatives weve not significontly distorted
by inersoning the sewpling rote from 20/h %o 60/h, The distorbion in
the recordey txoces observed with the povder-supported derdvetives snd
merbrane-supported derdvatives ove presumsbhly due to the sixing of tha
somple sbream vhen the aiv-gegmontobion iag removed and o lateral

aiffusion in the dialyser raspechively.

Fopghewwors, of the three imeobilizel enzyme struoturses
ptudied, the nylon tube-supported devivobives were nost easily
ingserporated iato convenbionel Technleon Autonnulyser £low.systens.
’éhe noe of the nylon povder-supported devivebtives was cempiidateii by
tho neoesalby for removing the air-segmentetion, while the sample
gtreon whg pm‘fuséd through the packed bed, ond i}he_‘ use of the nylon
menbrone-supported derivatives vas complicated by the nesd for
differentiel punping seress the dislyser module to ensure paspage of

gubgtrate aercas the nenbronc.

Thorefors, in terms of cose of ppplication, sensibivity
of posay and the number 6F somples assayed per unit dime, the nylon
Suba-oupporhed enwyas pmﬁmra‘i;ians ove the proferved strueturss for
use in entomated wnalynis. However, since one of the wain aé;va.ﬁtaggars
in using en inmobilized engyme 18 ccovomy of enzymo protein, it vag

epsentind to esteblish whothor or not savings in terms of ensyme were
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Fig.14. The effect of seampling rate on the recorder traces
obtained when standard solutions of glucose were determined
using nylon tube-supported triazole-ireated glucose oxidese,
The sempling rates were 70/h(left hand trace,Fig.1l42),60/h
(right hand trace,Fig.l42) and 20/h(Fig.14b)



being made as eelatively lorge quontitien of snsyme protvels were ueed
for the prepavation of the tubse-supported Asrivabives. 35mg of
trindole-trentad plucose oxidase mmd 10ng of wrease were used For the
preparetion of nylon tube-suppoibed glucese oxidase and nylon Hube-
supported wrense derivotives respacbively ahd these m'eparaisimm were
ysed over a 30 day period for the ssbimation of 3500 glucose sauples
and 3000 wren somples respeebtively. Those mentities of cme.vmt,, which
wove uaed for the proparvabion of these derilvaetives vhew used frec in
solution were suffieiset for nob more then 1500 g:!..uecm*a sovplas and
1100 wesn sanples respeeblvely. Thus a sigelficont cmanomv in enzyne:
ut:iiis;atio_n in aahiaved uoing tube-gupported enzyne d_z_arivatims,
Howaver, greater savings could he renlisced by Improving the chemiatry
off the cm}i&.m : shep and by unsing ensyne preparvations of grenber
pobivity and pupity. This labber point is vewified in tho following
seetion.

3.2.4, An Imvwoved Method for the Detommination of Glusess
. 3'.{!5%'_ Hylon Tube-Buvported Gluengs O;*id‘me

Fig, 35 shows the pesulbs obbtained vhen stendard dolutions of

sluonse vere oesayed ubing @ 3m lengbh of aylon tube-sypported glugose
m:;mds. s Tarepared Tron Ftsahrixzf;er gluaose oxidese (& wmi”ia aabivity =
10 wnits/mg). By referense 0 o enlibration cueve, vhich wus con-

eurrenkly compiled by assaying stondard solubions of Héﬂe, tho results

are also prasented dn devma of the H (I 3 roftuesd .

22
For gamples aonbeining 0,1-0.0nM~glucose, tha conversion 4o

produed io appmximme},y 65%, in berms of the Ii::,oo' produced, Hovever,
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Mig.l5. Stendard curve for the auntomated determination of
glucose with a 3m length of nylon itube-supported Boehringer
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since glucoss in solution exichs os ab sonilibrium nixbure of GhE
(3 -Deplucose and 36FcC-D-glucose and only the ﬁwnnfamer iz & substrate

for Asporpiliup niger ¢lucose oxidase (Buobode & Hasney 196h) then the

nereatboge cm.verssion of available substrabe o product is greater
then 90%. This ansumes thed the omount of ol~D-glucone mubirobating
o BiD-glucose 1o emell during the rewsldencs time of the sample in
the enzyte bube. I6 mny be seen by comporizon of Fige.18a sad 15
Thet weing an ongyne prepavedion of greater specific m%ivi‘ixy and
purity resulie in on order of wagnitude inereass in the sensitivity
of the oupoy proceduvre for the doboripation of glucosa.

32450 Detexninntion of Glucose using Hylon Fube-Co~Supnorbed
G’tvamse Oxidase ond Peroxidans

Tiga 16 shovs the pamulbs obbeined vhen siandard solubions of
glucone were anspayed with o 3u lengbh of nylon Hubo-co-supnorted
plucose oxidese end pevoxidese using the method deseribed in section
2:0:3:2, The resulbds ghow thot this procedure mey bhe uged fop the

doterminotion of glueose in the congensrotion range 1-10md.

Howewer, it was obsevved ovor an 8h pericd that the hydrogen
donor werid, beeame deposited on the wall of the nylon tubg-co-supporbed
derivotive conoing o gredunl derkening in ito appesrence. Although
bhere vas no debectable loos of coavolybie activity during this peviod,
nevertheloss this continusd dovnsition could prove 4o be o serious
dravbeck Ho the use of this paréicuiny co-pupporied derivastive. Two
okheyr hydrogen donors; o-dlanleidine ond mi;oli&ina were usst insbend

of wrid, bud o siniler deposition wos observed in eogh oaga,
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Pig.1l6. Standard curve for the suiomaied determination of
2

glucose with a 3m length of nylon tube-co-supporied glucose

oxidase and peroxidase, Samples were asceyed at the rate of

20/h.




The glucose oxidnse ond perozidase Linked cusyne éystem
aammanlf.ﬁneﬂ in elinioal Joborstorigs for the determination of glucose
in solution. Thin progaduns. is expensive in borms of oumymes and
hydrogen donor, if o non-cnveinogenic hydrogen donow tuch o perid is
uged. Altermebively, o reletively chenper hydrogan donor such as
o-dienisiding or ¢~tolidine may be used, bub tholr generel usofulness

ig impoived Mo o thelr corainogenic sharactaer,

Thervefors, of the tvo Dmmobllized enzyme systens deseribed
Por the debermination of glucose in solublon, thatb using tha nylon
tube*suﬁporte& pluagose oxldese ond 2eld/ET 1o the more ettvachive
then tﬁa.eo»su@yorted glucoss oxidage ond peroxidase sbrucbure, sinee
it is on ovder of magniﬁgda movs senditive, It doss no% vequive
peroxidase and precluden the ude oFf o hydvogen donor, The only
advanbogs that the coupled sysbom could heve compaved with the single
enRYNe syuﬁum in that the offect of catelage inpurlty in thw sosple.
would be minimﬁsea; Hovevrey, such ¢abtnlose contanination woy ds
vemoved by dlelyois of the sonple stiream, prior o bolng pérfuaaa
thyough the nylon tubs—supported glucose oxidass, in vhich cose this
eonsideration is not Inmpordant.

3,26, Daterminetion of ¥yruveto, Oxsloectote ond Bihanol
uswn; uvlon Tubeﬂhunu0rte& Dehyﬁregana@oq

Pyravata, oxelacehols and ethenol wore dotermined waing i
lengths of nylon tube-supported lactate dehydvogenase, neleve
dehydrogenase and alcohol dshydvrogenase o¢ deseribed in sections

2.8.3.h, 2.6,3.5 end 2,6.3,6 reopactively. Pyvuvete in the concenbration

tied
Wt




vange 0,080,200 (Fig. 17a), oxslacetobe in the concanbtrotion rounge
0,002-0.16m (Fig. 17b) ond ebhanol in Yhe concenbreition range
10-3.00eM (Pig, 1Te) moy be detoreined by thsse mebhods, The three
nyion bdwhe-supnorted dehydrogenanes Wore uaad'dvgr'a 20 doy period
wrivhout ineurriﬁg any loss in cobalybice eetivity snd during this Sing
aunh devivotivae vas:usad for ot leapt 1000 separcebe snolyaoes., Howover,
solutions of the threw onpgymos, shoved uﬁ@ev gomporabilo conﬁiﬁions

loat ot loost 90% of thelr nctivity over the same period.

Phis cheavly demonsbrates a considerable cnbancewent in
gtabilivy of the immobilized snzyme derivetive ecmparéd‘with.that of
$he aoluyble envyne. Since meny enmyme based asseyrs uré not féasible
dae to the inskobility in solution of {he enpyme an&Tﬁﬁa'high coob
of dhe onsyne & navked Inerecss in ebability on immohiiiﬁatipa wowld
overcomz both of these probleus apnd meke the assey o mofe attréctiva

proponition.

Se2eT» The Continvous Froduction of HADH for the ﬁuﬁom&t&d
Determination of Fyruvebs and Ogalacelate

Pyrovabe aund oxelecobats waro debermined using m lengths of
aylon Stube-supported lactabe dehydrogenane end malate dehy@rcgenaae
oo desovibed in scebiong 2.6,3.9 ond 2.6.3,10 respeetivaly. In both
cases the DADH requived by these enwymes wos continuously sroduced in
site, by perfusing ebhanol and HAD® through a 3m lengbh of nylon tboe-
supported aloohol dehydrogennse. Pyrevete in the concentration vangs
0.00-0, L6 (Tie. iﬂa) and oxelacstatc in the concentration ronse

0.05-0,20mM (Fig, 180) were deboyiined by these nebhody.
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“3.2,84 General Considerations on the usy of. Debydrogennges
Tuba-supported auzynes have been tsed in aubtomated analysis
srolusivaly foi the detevmination of thelr mubstrates. The use of
the tubs-supported suayme For the production of an sxpensive snalytiecal
mabarial sueh as VWADI from o chenper materisl sueh ass-i‘mb';'g, 'répraaanﬁs
o new way of explodting thelr potentidly - One distinet ‘edventepe of
thiz oysbtem is that the amount of WADH In ’r.ﬁ& aysten may be ealeulabed
from the chonge o extidetion when the.aleohol dehydrogenase tube is

: o 2 v
insm*iseéi fnbo the flow syshem, Contimious gencretion of NADH from NAD
:eosm" Saain m‘: zeas!: a t'r'n ~Fold sw{ﬁt in the acmf c:u. pymd‘t ne nucleot':dm

for ¢ nalytical .Jyshems 3*%11:21?1:1@5 this anm'*:fme. ;

JRAER ey e saen from inspechion of Figa. 1To ond 3’3&. end
ha&’m TN 1‘5{/3 17b end 16b that thore is Little diffovencd bebvoen the
two aseey sysbens for bhe detorminetion of pyruvate zma Q\D.lawuahe
z”g&sp&:&i‘l‘tf&i}h In cmnc-lmmn Shevafors, 'th two syetens deseribed fop
the detovniaation of pyruvate and osalscekobe naing the NADH génereding

system ere '_pi'ai‘@rable_-'bo the gbmpm'a.hla aystems using commerciel NADH,

In an onrlier seebion (3.1.1.) the nature of the linkess
bebwaen gli.u'i:are;ldehyde end frec omino proups wes. Aiscussed and the
pogeibility of the linkege Lelng of a Benife tase-type vog cénesiﬂm;ed,. '
Seldfs bosas wey be converbed dinto sboble secondery zaz;n}nes Dby reduation
with sodlum borohydride, Sinee the éif,—}h}_;‘clroéammm evs unsbable in
sodution, the nylon tube-supportsd ensybe &esvwm, Lren wers ;;m’funtl
z»’.ii:h soaium horohyriride, ,éo that if any Schiff basa Mmtwaﬁ exi% ed
shoy xmﬁm ‘he mdum.d ond this wight possibly Inerotse bhe. ﬁﬁsbiﬁty’

of the Imacbilized ensyme derivatives.
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oD Peterninbion of ADP wsine Hylon Tube~Co-Sunported
Pyruvate Kinage ond Lachobe Dehvdropenese

f¥g
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Fig. 19 shous dhe pvesults obbained when ADP solutions of
known copeentvation were osseyed by the nebhod desoribed in suotion
2.6.3.;? uning o 3m lengbh of nylon tubg-co-supporbed pyravets hinooo
and Loobate deliydvosennse, ADP in the concentrabion range 0.1-0.5
oy he afjsaa;feﬁ by this webthod. Sinece AP in fres éﬁlﬂti@}; is
detornined by the Liuked enpyme systen of pyruvebe kinose and lactobs
debydvogenaoe the Linked immobilized ensyme oyaben could provs to be
guite importent in cnolysis, due o She high cont q:i_" gach of thens
eppynas, Turther sherachorication.of thiy derivetive io dﬁﬂéri'bad, in

neetion 3.3.3.

Deternination of Disscohnrides

3.8,10.  Debewninotion of Suerase using Nvlon Tube-Supperted Invertags

fuerose vas determined using o 3n length of nylon bubs-
supporbed Invertase oo desoribed in sechion 2.6.3:11 end the resulis
ore yressuted in ‘é‘ig&;.ﬁ{). By peforence to o sbanderd durva, concuwrrently
comw".ieit by essaying oolubions of knowm glucose éonmmtmt:’:’-.en/ the
rosults ave aloo prevented in bternmo of the glucose pmcluoeﬂ.. These
reoulbs chow that the mobhod sy be need Por deternining suerose in
the concentrotion range 0.5-5.0uM,

342,10,  Determivation of Bucrosse using ths Dinked Humyme Svstem
af Inverbass and Clusogs Oxidang

Pig.21 ashowa the selibredion curve obtnined when otendard

solublons of suerose wore assayed s deseribed in wethoed 1 (see
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Fig.19. Stendard curve for the sutomated determination of
ADFP with & 3m length of nylon tube--co-supvoried pyruvate
kinase and lactate dchydrogenzse, Semples were assayecd 2t

the rate of 30/h.
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Mg.20. Sisndard curve for the zutomated determinstion of
sucrose with a 3m length of nylon {fube~sunported invertiase,

Samoples were asssyed 2t the rate of EO/h.
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Pig.2l, Sizndard cuxve for the sutomated determination of
sucrose with & 3m length of nylon fube-co~gsupnorited inveriase

and glucose oxidese., Szmples were asseoyed a2t the rate of 20,/}1.




seetion 2.6.3,13) using o 4m lenghh of nylon tube-co-gupporisd
invertase and glucese oxidogse, prepaved fron a gouplina mixture
contoining o 211 rosio of iﬂ?emanse to ginaosn éxidage, Qa bhe
vomdss ohow, this procedurs wey be usad for the determination of
gnoress in the concenbration range 5+30mM. ¥y reierence to o
atondard aurﬁa, conpuerently compiled by asseyiog édlutions of

knowm B0, concentrabion the results ave sleo presoubed In berms

ol the 3202 @ke&uea&. The alfect of sanpling »ote on She ealibeation
ourves obtained vhen sueross vos dedormined by this nmethed are shoun

in :\?i{gr 0

Suerose e elgo deberninsd according o @ﬁﬁhoﬁ 2 (veo
poation 2,6.3.13) uning o 3n length of nylon tuhe“supgﬁrﬁe&'iﬁvﬁrgaﬂe
pleced dn serieo with o 52 lengbhk of nylon tubawmuppaﬁted.gluaose
oxidoge and the resulbs of this ocxperiment are showvn in Fig.-HE.

“gaa solubions of knoun eoncentrotion were subjested Yo the ooy
procedura and the vesuits a&e algo Qfesenﬁe& in berms of the 390
oroduced, TU eon be acen thad this prosadurs moy be wased for

deterninian suerone in the concentration renge 5-30m8.

To diMerent nyion tubs-co-~pupporded Iavertase and gluecose
oxidone dorivabives were prepared, ong using on auzyne selution
containing ogual srounts of inverteae ond glucose oxidase and the
seoond from an onzyas solubion conteining o 211 vatio of invertuss
0 slucose oxidese. In canh casethraes separete sotivities wera
defined Tor sach derivative; the coaversion of suerose to 6,0, (eo

desaribed in seobion 2.6.3.13); the conversion of glucose to 1,0,
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Fig.22, The effect of sampling rate on the standard ourves

for the automated determinztion of sucrose with a.3m length

of nylon tube-co-supported invertase and glucose oxidase,

| O, QOsemplesfh;D, 30samp1és/h;A, 40samples/h,
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Fig.23, Stendard curve for the automated determination of
sucrose with 2 3m length of nylon {tube-~supporied invertage
placed in series with a 3m length of nylon tube-supported

glucose oxidsse. Samnles were ssseyed &t the rate of 20/h.




{5 desoribed in section 2:.643.3..;- ond Pinally the conversion of
suerons ko glucose {as deseribed in seotion 2,6.3.11). The lotber
value was correebed o compensobe for the glucone converted o

Deglucono~ § ~lackone.

The seporote cobivition of the 3m longbh of wylon tubo~
supporbed invertase, for the conversion of auarose o gluweose (see
seotion 2.6.3.10) and for the Su lengbh of nylon tube-gupporbad
gluaone oxidese, for the conversion of glucose Yo H.a’ﬁé! {see odotion
2.6.3.1) vors pluo dotermined. Pinally, the oversll ennvsraien of
suerose o B .? o {ree seotion 2.6.3.13) for this ﬂyawm s - éetermmed.
Those Yesulbn ave prosented in Table 6,

3,2.12, Detsrmination of Maltoss using tho hinked Ensyug
ﬁvsﬁem of Amylcsvlucmmas» and Glucos; measm

Pigs 24 shows the »eoulic obtained vhen noltose was datermined
using & 3m Jengbh of nylon tube-co-supporded awyloglucosidesse gmc%
glucose oxidase aw dacoribed In method 1 {sse seution 2.6.3.15), By
x“eférenme to o standard curve, conourrently compiled by csseying
*amt:mm of nown K 09 concenbration, the vesulte ave also prossnted
in Herme nﬂ the 3202 prodused, These rosults show thot melitose
golutions in 4the conceunbration range 1-0nM may be debtermined by this

procadure,

Maltooe was eleo debernined sceording to the procedure
Qaseribed in method 2 (see scebion 2.6,3,15) using » 3u lengthr of nylon
tube-supported anyloglucosidase placed in serdes vith o 3n lengdh of

nylon tube-supported glucose oxidens, The vesulis of this experiment




The peporete enzsyaic cebivities of nylon tubs-co-mupported
iavertese and glucose, ayion Hubs-oupported invertase ond nylon tubae-
supported glucose onidasa.

Derivabive ¢ Conversion 4 Convorsion ¥ Conversion
BU0rone —> B?QQ fuevose —>  Glucose —> I»iaop
Fluecoss
Hylon twba-supporied 1.3 22,5 65.0
Invertose and nylon
tuhe-suppoyrted glucoss
oxidoce (system 1)
fivotem 1 with o 1.51 win 3.0 0R.5 65,0
delay betwesn aoils '
Syabem 1 with o 26.5 11.8 22,5 650
min deloy bebveen coils
Hiylon tube-co=supported 0.6 10,1 66.5
invertose ond glucose
oxidese {systen 2)
Nylon tubs-vo-supporied 1,06 17.6 56,0

invertase ond glacose
oxidese {sysben 3)

s
o0
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Fige24. Stendard curve for the autometed determination of
meltose with 2 3m length of nylon tube-co-~supported
emyloglucosidase and glucose oxidase. Samples were assayed

at the rate of 20/h.
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oo eloo preseated dn tevms of the H.0, produecd {tig. 25) end show
Lo N
thet watbose in dhe consentration vense 5-30mM moy be determined by

phis mobhods

3:2.13.  Detemminoblon of Tactose uning the Linksd Powyme Syntemn
of B-Gelantonidess ond (ucove Onidone

Taobose wos debermived using & %m lengbh of nylon tuboe
suyr;sox'iwc};[s’ ~geloctosidase and o Sn Jengbh oF nylon Subs-ounporied
Flucene oxidase o8 deseribed in method 2 {oes scotion 2.6.3.1%). The

2
Lkusun goncentrabion wore subjeoted to the gosey procedure and the

resulis of this ceperiument ave chown in Fig, 26, 1.0 solubions of
rasulhs are 2lso prsaented in berms of the }1,309 produeed. ‘These

£ Vo
renulis ghow thed the mothod mey be uted for Zha determination of
lomtose in the concentralion range 0,1-0.6m81, Standard solubions of
loctone were ansoved wsing this procciure ob a nurber of difforens

sompling vates end the reoulie of this experiuent ave ghown in Pig.27.

2.2 Heasurement of the Rate Constant for the Mubarotabtion
of flueose : : :

Tl 20 phows dhe offeot of Hime on the mutarotation of
fucose in the prosonte of O,3M-sodium snotate Buffer, plis.0 in the

fowm of & plob of log, (X -« )} cualaest t{fnith 1937) usios the method

doneribed In ocobion R7.2. The slope of this Lline lo 0,05iin ™
whioh corrdsponds to en affective Fivet order yabe conutont of 0. 106uin ™"
oy bho mutaretebion of glunoes,
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Fig.25. Stendard cuxrve for the automated determination of
maltose with 2 3m length of nylon tube-supporied amyloglucosidase
placed in seriecs with & 3m length of nylon tube-supnorted

glucose oxidase. Samples were assayed 2t the rate of 20/h.
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Fig.26. Standerd curve for the automated determination of
lactose with & 3m length of nylon {ube~supported 3—galactosidase
olaced in series with 2 3m length of nylon tube—sunnoried

glucose oxidase, Samples were assayed at the rete of 20/h,
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Fige2T. 'The effect of sampling rate on the standard curves
'for ‘the automated determination of lactose with & 3m length
of nylon tﬁbewsupported ngalab%osidase vlaced in series with
2 3m length of nylon tube~supported glucosc' oxidase,
(:%QOsamples/hgéﬁ,BOsamples/h; , Adsznples/h,
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Fig.28. The effect of time on the muterotation of glucose

s g P P - »0
in the presence of 0,lM-sodiuvm acetate buffer,nil5.0 at 37 C.
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3.2:15, - Mubarotobion of Slucose using the Linked Enzyme
Systen of Inmrtas&qml ﬁ:),ucun,, Oxidass

Plge 29 shows the effeed of delny tlne on 4he colibrabion
ewrves oblained whon ss%.mdaga selabdons mﬁ‘ éucmae wers oossysd o
deseribed in maeéion é.?i.:&.- vsmrz R 3}3& ;émgﬁh of izylmz tﬁbamc:-upmr-zsaa
invertose placed in aet'“‘ a8 Tnﬁ,h o 3w ‘!.emfth m. nylon Luhdwvn;,—a%ea
(;‘Lzmara omdmw ‘Zt'heaa '&‘ﬁﬁul‘l'“ qnow v{u Hhe ma%izoé Qan hﬂ uﬁeﬂ.
f‘m- tha datmnin’xﬁiﬁn m’ mu‘rom in thf& eom*m‘emtwn mnuu 0 ﬁ«vm‘m‘i
cmd Mzau izhe"e“ 15 o :ﬁ'mzr»i'olr‘i. inwease in ue,zne:i'hwz.w by znﬂrmsing

,‘ahe 6@‘!@»’ -t;me 'bt_{‘wmm tlm m oozla fram ‘5‘% min to G ‘3 min.

‘t‘m. #,0,, profuct eoncentrations obtained when samples

2R
cantmmnr’ r,.,-m\i Bueross vere asen eci 9.1: each &el&? %imej 'c-rera x:lettgc‘l
as, zz fum:&ian m? ﬂm perwnﬁna,a ec:mmnﬁruﬁien of the [3 *mom«»r in ﬁlm
m:g;.c,grgp whi‘gh ves detezr_m;mz‘i using the duaba __fgmeaent.@d in, seq’*mn-
3..2!,.;!,1&., . When the reoults are plotted in this me rmwr (¥ 1{'.'%0) 'bhfa
H,,O,, cmmasxtz vion in noon o bo pmmrtmml ﬁe ﬁhe.a wnvmﬁmﬁim of
the {3 -mmﬁew. Aﬁ* she ¥ of the ﬁ “ammer in -t,hm m.'-;‘mrq a;:prmehes
the e;qmz ibriam walue oi‘ 63!% ﬁ!w curw.mr@ oi‘ ‘aha Line inereasen
ahowling bhr‘!s .J::n(fcr deley ‘me uetve.«an Bhe e-mwm mml:; xmv‘,!d ha.m
H»i‘.}m affach oxz aa;lnreanmg the mre-m‘!.l wenﬁit;wmv of the qsm:w Bysten :
Therefore the 1ncrea.se in sensﬂlva,ty .of the llnked enzyme system

eousad by on inoreace In deley tine eorralaten with the ﬁ'ﬁrmaﬁim of

the ﬁ v'fm‘i'm:viw. '

3,216, ,ﬂa»:ne;m?. C’qgg,g,c‘!emtimn on the Doternination of
:Dwm:eh:wmaﬁ uaing, :ﬁin}mﬂ Tngzyne e atens

t

‘ﬁ'we mmwmm 1inked mmbxlwem oneyng syshons vers used for

tho doterninadion ﬂ)i' nalbose, one using o 3m lengdh of nylon tube~
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0.5 1.0 1.5 8.0 2.5

Concn. of sucrose(mi)

Fig.29. The effect of delay time between & 3m length of
nylon tube-sunported invertase placed in series with 2 3m
length of nylon tubeésupported glucose oxidzase for the
automated determination of sucrose, Samples were assayed at
the rate of 20/h, ‘ ‘
0,26.5min clelay;D,13.25 min delay;A,6.9min‘ deley; €@),3.45
min deley;kl,1.51min delay.
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'ige30, Relationship between the H202 concentration produced,
2t & substréite concentration of 2,5ml-sucrose,for each delsy’
tine (see Fig.29) and the concentration of the B-anomer of

glucoge in the sample stresm,
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co~mpporsad anyloglucosidase end ’u}*;sa. oSy uning & 3w length of nylon
Subs-gupported amym,gmmssiazmg and & 3u length of nylz:m mme»fsupyorte:?.
Flucona Qxiéﬁ;ﬁﬂ\. Altm weth the ?ox"r*e *» sysben weas twice on oemntwe oa
the latber Byrswm no {frem wwnii‘wame is Mﬁmehaﬁ to this fmam;;“
since SHe Lnuyng :‘eea:mw ong used for the propore Gs ~-5-7 cach devivative
rl:iffr:m:. sl figantly in conesnbration « Hotvrevay, -i’.hra pr-imizml
Qbﬁigétiwa of u’x\a expurimentc vos mhiwe& in thot b0 dmi‘i’evem lmlzczi

earyne systems fox the c'is:temi_m lon of neltoss e devis e«cL

Tx thie work three different. Linked oueyme strucburen were
investigated os aﬁu&?hﬁ:ic:m yemfen'ba for the determinadion o sucrose,
vhﬁﬂ@ ware, inv m‘ta,fsc. &vzﬁ f:‘meom *ifiu,af* ir-zr-‘-ahi:?,imm‘l onbe sép'am'he
I!,ez_ngr;i_m cax‘ nylm; ubn tmc?. uced mﬂmwnm.&lj,v in perd: (ﬂyﬁi;em- i)e Buo
mzmb'? Jized SRZYIG aﬁ"uﬂmwen, both with the M‘D ommﬁ? co~dupobilise!

St
% oum Lht:* srane Ghbey, Ole m’apm’ac’{ Feon equal anovabn 0 /’m-rq engynes
(w%em ?) and the obher prepared vidh o 213 yovio of mvs:zrmsg o
glueone oxiﬁamz in the cowpling m:!.xisure (syj:atc-m 33 -Tab_l.e G mmea the
m,mr te e amw ¢ sobivities of the EREYIGS in eaoh s‘ameture oy e:‘hhci'
with ho overald mh:t.vi‘{s:f of the respective struetures for the eomploto
Linked SREYNO S 'wtwn. In ench cace the glusose oxidase achivity in
berma of *uhe tsvomlfi. ¢ oxidsti on of glugose in each sysbem was in excess
of Ghif, ond oo Alsenssed previousily this muy roprosent an even grongey
overail, éénvé‘t~xc>xx of spbstrate in view of the fact that the plm:om.
vorsnined indd i0lly oL ¥ W of tha [3 .‘*-zmemez*o Ga tha other hend the
invertose pebivity of the stouobures, in tetme of the overall %

hydrolyais ei‘ suarose o glogose and Druetone yoe 10.1, 7.6 ead 28,9
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Por the eystens 2, 3 and 1 vespoctdyely. The resilis show that
inevossing the yatlo of iwvertese to glucose oxidase feom L3 fo 2.3,

in tha tzougilz’-.ng; minture, hed no ePli'cet on bthe glucose oxﬁ.cir&',rse.{fmisi%{i{:y‘
of the, Linked enzyme strughbives,. systons 2 ond 3. lowever, the.
invertase acbivity way fncrenoed by almost B0F ot ;%;_}a.c gane Gine a8, ves
';;}.@ Qvém‘;l_ pereontage er)r"fwmc)fz (ai‘ mm::m for ‘t}m t:cm}ﬁ r,a ,i.:ml
_oystam.  From the esepovete glucose a;.c,mam and lwrertose aq'hiv_::;*.ws of
the ¥ “éle ey shens Khe everall perasnbage aonversion of aucma';ez night have
hoeh arpacked o be efv*s;a.im‘ than Lhat eﬁm r\mf}.. Hovewr 5 praviously
; m;}lmﬂﬁm the praﬂuc:t of tha in‘sfm‘mm waoebl, {mg, et“-?ih 5zlw=m,e=,. Ims Lo
U Ed o Ps Mauwnlv ﬁ‘.!.w c;yczm;rme:zous nmhmoi}e.tmn bef@ra i‘ ’bg:coma the
subsﬁ:rmm of T,‘m-: glieoaa desme repation, @wl)»glueo.m. In v :‘.ch GOHO

the rote Liniting shep i the oversll reaction

BUCPOSR w———> D-Tructose & ol~D-glucose

Y i
of ~PeEineonn T Repegiusone

22

ﬁél)wgh?\cosa > 0.2 ) m-glzmam~-5u3.:zmtcme + 110
. - Brglucone~ $-lagtone  * B Q e gluconie acid

noy be sonbrelled Ho o greaber exbund by nelther of tho enuyne
ecotalysed shaps, ub by the spdnboneous nnbarctation. This proposal
ig strengbhoned firom the obpervation thet inercasiung thmﬁe&ﬁy binme
botreen She ensyme-eatalysed abeps in oystem 1 from 1,51 min to 26.5
min inerecsed: the overnll Gonversion of the suerose to Peglusono~ § -
lagtong four-fold,

Mavbiosson & Mosboelh {X971) showved that the overell estelysic
offieienoy of the Llinked enzyme systen, P-gelactonidese-hexckinaoe-

’
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grucose-G-phosphote dehydrogennee, vas enhanced whan the ensyues were
simulboneously dmmobilised onto Sephadex (-50. The some authowvs (1g70)
2lse repovbed an enhencement in bhe oversl) conversion of glucose-6-
phosphote to glucono~lockone-G-ohosphaite when the enzymes effecting the
roaebion, hexokinase snd glueese-G-phosphote dehydrogenase vare
imuobilized op the some suppors. These observations were atiributed to
on overell enhnnoement in bhe rate of the reackion of the systemns in the
initinl phesey which, bhey argued, wan caused by the proxinity of the
tound ensynies produnivs an incveased econcentvation of the intermediste
veoduet(n) in the micro-cuvironment of tha linked ensyme oysten. (lesrly,
an afffeat sueh ss this wvould not conbriude significantly to the overall
weuohion rate of o Yinked cnzwne-systen such s that deseribed hore, in
view of the slow intermedinte non~enzyme-cetelysed mutarotatlion of the

o ~Dplueoso,

The preporation, storsge and operating conditions for o
co~pupported Linked onmyme system mast alueys be a comproning between
the idenl conditionn of prapavation, storage and operating conditions
for the individusl immobilized envyme systess. For insctenve, it io
casier 4o define the opbimum uaupiing; conditiono for a aingle imuob-
i1ized enmyme system than for o Linked ansyme sysben becaunse the
gonditiono whiol favour the imwobilization of one enzyme will nod
necessarily favour the immobiliuation of o second ensyme. The Beeoli
ﬁwgametaaidase, for exmaple, could only bo uped for the preparation
of aylon tubo-suprorted ﬁ ~gatactonidasse using non-hydrolyvticalily
c¢leaved nylon tube, whercas the glueoss oxldase preferred the

hydeoliytieally cleoved nylon tube, ‘Therefore o co~pupported iinked
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gysbem of theme tvo ensymes was nob feasible since each preferred o
different support. A support with no resldual charge might have
proved auccecsful as suppord for ﬁhe'eo~5u@por%ea system, but again
this would have vepressnted o compromise becouse each énayme preferved

ibs otn differently chorged supporb.

The on¢1mum atorage conditions of 1mmob111zed enzyme

preparahaons vm]l daffer batveen angymes with respeeb o DH° ionzc

sﬁrength, temunrnture and solvent enmyo51t10ng “heremoreg 1mmoblllzing.

'enuymes ontc the same suppart maght decrease the overall sbabzlltv of the
'symuem because eech enzymb ig not being storea under ius owm opﬁmmﬂn
condmtlonﬁ° Pinally, the pH optxma of the compos ite enzymes in a

upported linked enzyme svahem noy be guite different, in uhmah case
the svatem woula he assaycd at 8 compromlse pH and so nemther enzyme
mould be operating uwdder ideel conditions, However, this problem does
not avise vheh the “wo enzymés ave immﬁhiliﬁed’bnﬁa:aéparaﬁé'eoilﬁ
beoausé the solvent composition oF %he senple strean dan be readily
albered ‘after leaving the Pirst coil and prior %o belng perfused shrough
the second ¢oil, -

Tﬁerefbreg the magor aﬂvuntage derlvca from the immobxlxzation
of “twa enzymgs, each onto 2 Saparate tuhe, compared thh thelr
:¢mmobml¢?atlon onto the sane tube ig the 1ncrensed versaﬁllxty of the
'system. Pov example, a aisaccharxﬁo may be determzned in tha presenoe
of.giﬁéose. The glucose 0x1dase tube is Lnaerted a% positzon B in Flg.&
'and the gluoose gontent of the sample determxned. After th?s the

‘ aPpmoprlaxe ﬂisaccharldase bube is insﬁrted ah posxﬁion A an& the tobtal

1L




dinspcharids ond glugose content determined. Subibragbion of the
Jatter valus from She former value Bhen, iz o meapure of {he dissachovide
agopgentration in the sw;ﬂ,s and by reforance $0 the opprovrinte sbandard

gurve the dicocehoride lavel con bo dsbernined,

3.2.47. Dstermination of Penicildin G uwoing fiylon Tube-

DR e R

&nmmﬂmrl X’emeﬁ Linago

fiz. 31 shows Pha offsab of sompling yote on the ealibration
euwrven obbulned vhen standord eolubtions of penieiliin ¢ wers aosoyed on

deseribed in seotion 2.6.3.26 using o lm lengbh of t“ylon,tuba -supporied

ponieillinese. Thic mebhod ney be used for the debers mmmrm of

pandeillin € in the concentyation »ange 20-3.00M1s

The stebility of o Im length of nylon tubo-supported.
venieillinage woo stuedicd by conbtimuocusly subjdobing standerd soluntions
of penieillin @ to the sssey provedurd, IMg.32 shows that over o
peviod of 1k doys, during which bime 12,000 sopsrabe cnelyses were

puerPomead, Hthe q*lan tube-supported penieillose 4id ot incur say loss

in eatolyiie cotivity., ¥y veforence to o stundserd euive, conewrrenbly i
eompiled by subjeoting kuown concenbrations of peniciliecie said to the
ooy pr&aaclura, the vesulds ore also presonted in terms of the penieiiloie

peid prodused. |

The conbents of one wsaled viel of penieillinese, containing
900 cnwynmes unlits, were waed o prepare a 3m length of aylon tubs-
T $ 3114 s q 545y 2l
suprorted penieilldnace and for the s'i;&ba.lity./a @ Loogbh wos used for
the deberninntion of 12,000 ceparabe souples. Therefore the Sm lengbh

could bo used for o ninlmwn of 36,000 wveparate nooays. 900 ensyme units
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Fige31l., The effect of sampling rate on the standard curves
for the automated ‘determination of peniecillin G with a Im
length of nylon tube-suprorted venicillinase, ‘

A ‘, 20 sémples/h ;A, 40sa.mples/h;a, 60semples/h,
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of penicillinose vhen used free in solubion eve nui‘i’:?.c;iemi_: {for not wore
thon 4,000 ceperata penieiliin detersdustions. This ogedin illustretes
the considorable savinps in terms of enzYme protein which can he renlised
by using on oneyne in en inmobilized form, vhen compavad with the newe
amount of onzyne used in free solud imé.

¥ hos bheon observed t}m‘u panici‘l la.ua,se ig utronﬂl;sf adsorbed
onto f*laso muri"oc:@r (Pnllouk 106 0) sren *‘ron very dilu‘be sclutions. Thue
on au!-onm;eﬁ flou swten for the deﬁwmmatmn of ﬁememvin umng
soluble penicillmase vould he- im"luen'-od by thws effect and eoxxumuemlv

fatan(mrdwz’mon of the assoy pz‘oeaﬂurc, zyould bo nore aw’tuaub.

342,18, .t)gi:.erminotwn of ?en .i‘i,l:ln G :m I*ermentafmn i’rot}m

Fig. 33 shows tha rr.asul‘cm obta ned tvhen 'i;ha ‘aer;:-.cv.llm G

,.swel :m gmum{; cm’] turas of 1’.8!?2“{;563‘&63‘)\1!41 wos aetarmned ufsinﬂ’ o o

3&:1(,%11 o&‘ ny.‘l.on tube-aummrtﬂa “amuml’ inage as desoribed :m seetzcm
2.6,3.18, A zmmber of d:«i‘f‘ewen‘f. mrmc«mrs noy he usea as on inaem of

vhe stage of zzrmmh of P.chwnnmnuw culture (Hockenhulld :LQ( )., For

ingbance, dvy ml‘t we:; e'ht, peme:llm Jevel, i chougen and ettma.ti one
of nper-:h m nec‘tium conabituents aueh o lcmtosa hmra 21l been used,  The
wnwiuin ¢ concenbration voa muemomted by refevence o o sﬁandarc‘l
eurvs compiled ’i.w mubdwi,:v,n@ knoim omcmnw of mmlc: 1:1.:3:1 ¢ to the asuoay
proce{h&re., I’a wng essentisl to establich x—fhather or not the fermenter
mczdium ms {nterfcring with the uw:srmm weagbion or with the oubsennarﬁ:.
colour renction. In order to esbabliah if cithey of thasa wwo effecds
tmﬁm imporsont , two standerd curves wcgre conpiled. The Piret vas
compiled by esseying knovn goncentrations of bmzi@:illin & in the
presence Of Levmentey nedivn, and the second cuvve was conpiled

by assaying hnown concentrations of penicillin ¢ in the pressnce of
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Aistilled water, Dha wvesulby of these asporiments (Pig, 3h) ghow Ghat
thewe vas no debeoteble interference in the ansay provsdure ane £ the

presenee of the femenber medin.

3.2:19, Detorminetion of ?::t;hanql gm'i.- Glueone in Yenst, Cultures

Fig, 3% shows the “I.‘m‘“*l"i s nbminmi when bhe ﬁlucaw and -

abhanol, z.avels in cu%urefz of tgreast ferﬁzeni'in{; g.flueom vers é‘;e'hermine& .
uging Sm 1en,_gbha s:xi‘ pylon Lube”-sup;mrma giucmtée O&’Ldaml* zmﬁ n*rlm
tubmmmmrte,d slechol. dehvdrcwem.sa, z:uf the webhods siezaar thed in
ssgx\‘.mne e ﬁ‘d“;.:\.and 2484346, reﬁpmtim“ly. in gaeh eaue Hhee ﬁ:!.ucana
and ebhay xal 3.ev~¢3m vere z\utv.arwla,ux‘l b‘f ret‘erem.ﬁ B0 ﬁﬁandm’a eurYves
czrmpz ted by ;‘ mz‘iﬁmt: 418 knmm apennts of pluense and r.zthm.m %o the
:’;.*ementivu aasmr waeaﬁm'am .&{3 moy‘ b pesn from these résﬁlﬂ;a, the
canvwsion m {f}.\me & +0 eaisnaxaal m apyrc*:zn‘a.teb; H0%. Ih 'mi;:cht:. bo
x;gmaizc.& "t; wt the gonversion of L,mmmm m abhonol would ha.vez boon 100,
‘taue\. his ai pparity of 207 is ‘mob r.:mmderefl szgnifiaanﬁ aime ﬁha #lucoae
in ;,rél:m:ly mottbelised by obher mi-.htm:-\.ra.’aééiclss the f&imeﬁﬁatipn o)
éﬁilam}.u

3:2.80,  Genersel Consideveiions on the Am;nmm of Formantetiion
Sroths noipe ,Mcsn “'uhe«mupmrteﬁ Enwyaesn

The anelysis of i‘emenﬁnﬁim broths 1o obviously very
ivipdrtont ss o nesus of wonitoring celld grm—rt:h‘, 'em‘iwg:amﬁuefs':gﬁr’qﬁﬁe%ian
o mmiium uﬁiii.satimi.. Consinnous mmﬁtamng of a f‘ernentat ion hroth
uging on ensymo-bnsed susoy pfaceduré t-:ouz.ﬁ_. voquivre o J.arp;ea anonnt of
SRRy 'iu' vigwr of the protyasted 19\’:_5?3:&} off eueh ferm&ntaﬁgimms. Binee it

ket rlveody beon estobliched vhas the inwehilizotion of an snmyme leeds

11%




0,02 0.04 0,06 0,08 0,10
Concns of penicillin G{mig) ~-

Meg.34, Standard curves for the autonatcd determination of
venicillin G,in the presence(ék} and in the absence(()) of

fermenter medium,
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Fig.35. Changes in the glucose and ethanol concentrations
in the mediun of a yeazst culture fermenting glucose.
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2o substantisd shviogs in teyma of ensyme proteln the uwde of nylon

3
tube-supporked enzymes should find wide spplicabion in the
Pormantation industyy. Refore o nyion tube-nupporied snzyma can be
wsed lu this wennor, 1t 1s essential to ensuwce thot the fermentor
macii;m is ot interfering with the enzymic reaction or subsequent
eolony repebion., As wos ahmmmi%h.tﬁ@ arlon .tuha*augapnméd angyies
used dn this goebion Tor monitoring fefﬁentaﬁidqs,i;txe fermentetion
wedia neither interfered with the mfiiviﬁy of the lnmohilized enwyma
nor with the .ts,ubmrmen'b czol«:m.z; repesions snployved for the 'de‘bsatim

of resction produchs.

343, - Pronevtisn of fumobilized Papyme Derdvétives

¢

?t‘mzrzo‘x;i&;izad gngynes hove been ohorecterised in o varisty of
vays. For exumple; the stebilily of some prepnvobions hab been desoribed,
their Michoelis paremsters hove been 'xnéasua‘eﬂg, ﬁheiﬁ: aetivity dependence
on -plt irlegti,ﬁ‘iegl' ond the ensymo probein of some prépérotions hus Leen

svolunted (Melvose, 1OT71).

The stabllity of en ijtmohilined cnzyms devivebive, vhich is
@ming t0 be used in automated. anolysis, in vory lmporbond, beeeuse I8
more nEseys can be oblained frow the eazyne in free solution than when
3% 1o furobilized, théve is no virtue in jemobiliming the enzymo.

Seoondly, if the enzyme “r'_lo.Szes notivity at @ slow rate, then this will

compliente bhe stonduvdisetion of the ascoy procedurs. It is easentiiz;;{
0 kaow. the Michaelis conotent for an imqu_ilitas:&..mmyme derivative to

be used in aubomabed analysis so that 'i:hé -ém::ﬁna way ba assixyed b

substrate coneentrations lesa than 1.5 times the Hm value. Ao the
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substrate concentvation of vn enayme cpbtalysed reaction is inorénsed
vp to the ﬁh valuo the plob ef veloeity againat cubstrate evncontration
beeomes nove curved. Thevefore, the sensibtivity of the nsedy procédurc
decrenses, because the veloceity chenge pew wnit Incresse in substrate

coneentration beoomnes snelloer.

The maximmn sensitivity of an imwobilized enzyme based assay
con only be realised vhen the derivative is ossayed st ite pi optimun.
Therelore, it 1s essentiel thet he sotivity dependence on pi for tho
dmmobilized Qﬁgyme derivabive is deterninsd, The engyme protein conbent
of on ismobllized enzyme derivative for use in subonated anslysis is not
of comparable importonce. This iz becouse the protein content is not on
indication of the sebivity of the derivative, and it is the asbivity of

the derivative vhioh iz of povamount Impovtence.

3.0 Stobility of Tmeobilized Navyne Derivatives

Table T shows the reoults of stobility stvdies Tor seven of
the Dmiobilized enzyme prepavations used in thic work., The vesulis are
presented in terms of the nmmbor of assays for vhich the aérivaﬁiva&
vas weed and the tine peried during vhieh vhese assoys wers pevformed.
Hone of these darivedives showed any detooteble loss in eobalybic
activity dweing theoo stability stnaics. (Hovwath & Solomon (1.972)
have observed pimiler high stebilitics for ensyvmes inmobilized onto

rylon 3ubes.

5 may be possible o lwmobllize a levee punber of onzynes

onto nylon structbures using glutoraldshyde and for the produets to show

pued
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Table. T

Stability wudies for nylon-Supported enzyme derivabives

Depivative Durasion of use vith~ Huuber of asgays
out any debecbable performed withous
Joss in ontelytie detectable loss in
nabivity {(doys). aubolytic activity.
Iylon membrone- ik 2,000

supperbed Hriazole-
treated glucose oxlidase

Hylon tubs-supporied 30 3,500
Lrinzole-trasted
slncosn oxidase

Hvlon tube-sunported 30 - 5,000
urense
Hylon tube-swpported 20 1,000

plachol dehydrogenaso

Kyvion tubs~supporicd 20 1,000
lactate debydrogenass

Hylon buba~pupnorbad 20 1,000
naiete dohydrogenase

fiylon bube-supported ay 12,000
penicililinage

[
[AW,
[aS




suzymic ackivity. Home of thane a‘m'é:rnmss wpeparations will rapidly

bogcone incebivebed aithey on stobage o2 in the gourse of 6ysmtiom
Tnsymes oatelysing the sone reoetion, bt iseleted Dron difPerent
- powpaas will aleo shov veristions In obability botwecn one anobher,

Por exanple, ﬁ-»g,-;, aeboeidagse feom Bocchoromvess fraeilis wos used for

the propavation of nylon *tu‘ﬁammmscwm& ]3 ---fgaii.,a\m;mislmm; bms- nitew
- bolug usédo¥er o 2h peviod for i.lm dotorainttlion of 4O laetm 10 Soaplas,

‘i;'lta mm}*a,mu lon hed 1ur’t*um*a- thay 208 of i%o eatalybie ac:‘i;wa i,,, o

eﬁ;c"eam, i;ha m:«:*:vemfmz@:? ng derwn i tve prm_w“ d feon L;ao‘ig_:'g P wgelostosidase

‘chowed no ds.ipea i,aMe 'Lmsrs in a@tivi’w m;en r:*m" Jorly used for 200 serorete

S.n@maa r&ewminmmnb mrc,r a7 ﬂay per.}aﬂo Binen all 'b}aaa G’r}h_er derlves~
ok vos wers used over o m:ammum af Ls’ih for th ae%,uvm-qe,m.qm aof ab leoot
mz) gEparaba am;wmm vii,hm::( any dewc*‘mb:f.e "Lmax in mtiv:sw, tho rabo
of :T.mmﬁﬁ.vm;mn i3 probably Quitﬁ simall, This ideo iz’{ str&nf;ti:eneﬁ by
i:ixc_-:» obdervations of 0'elly ot wle {LO71) ond by Sharp (1068) $hab vhe
mim' ol inﬁé'bivwaiqn af i.mm.c_mi.u ned ensyae prapavctions con be, approx-
mmm L a‘i{e f;ri*ibed_ by i‘lraf. order hinehies, thot is, I a praporebtion
lovsn 10%. nablvity in 2hh 1% will lose loss bthen 108 ant;mvihsr in. tho
next 2bhe  XP this da the ease, thiea the major fectors reapam:i.bua for
any subnaequent ingebtivesion will probebly be poilsoniag _bf;l the onsyoo

due o Inpupities In Sthe sawple sbreom or do aeeidentol misuse,

3,342,  Hiebnelin Parometers
The Hichoelin. paranelors of on suvyme ors mensursd

convendionslly by observing the dependencs of the initial vesction

valooity of the meyre-gatalysaed pencbion on the mubstrate concantration.

ke
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The dets thug obbtained may be enolvsed in o verlety of ways fov the
avaluatinn 6f these coOnSiants, for exemple; by the method of Lineweavey
$ Burk (1935}, In the speelsl case of tube<supported enuynse styueLRras
e measwrenent of an initial reochion veloeily is very ardvous, since
she struoture only readily permits the deberminedicn of the estent of
the veoction after o fined residence tine of the substzate in the dube.
Thin pa?&matat‘iﬂ'elearly defined by the geomatry of the tubs and the
robe of flow of subsirate through the tube, Towvever, provided thet the
* pereentags vonversion of subsbvebe to prqduc%-auring_pasﬁase thromgh the
fube in not dn exeess of ebout 10.% then the substrate concentrativn
is wot significontly dupleted in the eourde of the Qparatioﬁ,.-In which
COBG, the emount of produet Formet in the course of the resiaenee Hing
0i' the sub&:.fsm-‘né in the tubs woy be w:{éé‘, 0s on approxinate méaﬂuré_ of
she veloeity. In thiz woy Sundorom & Hornby (197Q) doborminad the
LppRTONT Rngﬁlﬁa for nylon bubs-guphorbad urenge aud Hovnby ot ol
{1970} uaed the smms procedure for detewminibg the apperont K velue
for polyebyrene tube~mpported glucoge oxidese, This approcch éms uned
Por the detovminetion of the epparent Eﬁ of some of the ﬂyimn Liba-
5upp5rtaﬁ snzyaas weed in this work, ¥ip. 36 shows, for erample, the
dépenaenee of velooity on substrete conesntration Por nilon tube-
pupported triazole-trented glucose oxidase in the form of a Uineveover
& Poek plat,

Toble 8 aluws dhe apparenh Kﬁ raluas for sone of the nylon
tubs-supported dorivatives vsed in this work when ealeulebed by the
mathod of Dineweavor & Burk (1034}, The appovent K, of glﬁgé:::«:a for the

teiozele-trented alucose oxidose derivabives wen mecsured in the presence
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i Z 1 1 1 1 3
Ol -« 10,2 0.3 0.4 ., 0.5
1/s(m1=1"1)

' Fig.36. ‘The effect of substrate concentration dn the formation
of H202 by & 3m length of nylon tﬁbe—sﬁpported triazoleétfeated
‘glucose oxidase at 37°C in 0.1M-sodium acetate buffer,pi5.0, V

is expressed as the concentration of H,0, in the effluent, (mi),




Pable 8

e A 1) SDAN Nk

Apdarent K values for nylon tube-supporied cnmyns derivatives

Dovivative - Charge
on Hube

Penicillinass ()
Teiazola~trented {~)

glueose oxidose

Anyloglucosidone (-}
Invertose {-~)
Upraage {~)

Kppaxont Km- of
nylon tubg-
supsorted engyns

(i)
O.h

25.0

10.0

v‘-’.-aﬂa

20,0

I{m. of ongyne In

4

freo solublon
{r214)

0,88%

93,0 ?

18,5 0
9,1 "

10,0 ?

a) determined titrinstrically sccording 4o the methed deseribed

in soetion 2.3.3.

b} obbained from the volues quoted by Boyman {2969).
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of oir-caturatad vater, Bo atbenst was made 40 esleulate the
apparanh 'Km value Tor obther twn substrate enayme devivabives, sines
none of these ensymes were uunder apturating conditions with respach
S50 one substrate and $o oy &.ppai*eht“km Folue would have been of
dubious significonce. The £ value Por the anzymes in free solution is
ghown in Lhe »ight hopd column of Wabile 8, Av the resulbts shov there
are no significont differencen betvesn the eppavent K value 0 the
imnopiiized envyne derivative apd the Km value Povr the sewe ensyme in

fren solution.

Fro propoeals hows beun suzxesitoed to explain the distordions
:{.;x' Hicheolis paveneters vhen amrensyme is imacbilized, conpared vith
the enzyoe in free nolubion, For example,it hos bosn suggested Yhab
significants pltovetions con opeur. betwesn the sppavent K! . of an
,,it;zémhil:‘tm-zﬁ angomg and Ghe Km of the gome enszyme in free aélu‘hiim vien
the sngyne is is‘nmobilizaci 'cm.f:.n a highly charged supporh and the substrate
is.eleo hiéixly _ghzwgs:& {Goldmsn ot al.,1972). The second axplonpbion is
the offect of pore diffusion into o porous strvcture, This is due Lo Lthe
rabe of an enzymie recetlon, vhen the eusyne is sited predominently in
*Ehe poyes of a ssoii&, being strongly influenced by Fectors afleoting the

diffunion of rooctonts tad produets through the pm'aéx Sharo, 10060),

. fz-oleletsain ot nl. (196h) shoved shat when srypoin was immobil-
imgﬁ, Qn%’:g :1 polyenionie copolymer of aihylenc and noleie eabyddide, the
&wmrmh' I’L{;}:‘of‘ the immobilizzd ensyme was on or&i?i*r of wagnitude lowew
{,}Kmn the K}‘n 's:ral-giq _i‘gr j&he engyne in free solubion, whon o positively

chavged subsivats was wied, Thls effeet vas found to odour né lov ionie

oy I
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swunsmm (I‘/ 220,01 ) ond on :a.nm*wm_ng the ionic ﬁ'bn,nmn the
difPevance bslm:.e ehs:, apnavent }; i‘c)r er inmobilized anﬁyﬁxe and
the 1{ :ﬁ‘m‘ the onz e dn free aolutwn d.wromoecl. ﬁfhésﬁa z;@ﬂul'i";s hove
‘h“en ¥ plama;a by r..hm'e'e-eherge mbw&euom betveen Jubstra,i.e and
Junpr;az Bs Tha unl.:ma chaygos fm the em“nstra%a and suﬁpﬁr’s 3‘93111'1:. in
an mhmmémtsn‘é of hm ~,uw‘,mt<: oozwm.rm"tt* on in ﬂm mmrocanvw mmmm-

of the bomd eia yme :t*elm.a ve to the bk salutmn. - Phis vaum re‘sfmjt \

»

in & B.maalﬁ.z;a-a inc:%:*aama in pubsbtrate comen{;raﬁion within Gho mai::va’.}{

15N bhe &u}smrﬁ xmwe the ensyae 11’ suprronnded by the cimrgfa(;l groups,

-Tha 0ppmi“ 8 ei‘fact has been ob*xm*ved fm- mm mzv'rm A‘L‘P-;
creab T.zm e phosphoumnsmr“m mmmﬁ K mcﬂ onto (2'\1»~c:e11ulow 90 |
(ﬁcmxby @b &13 v, 1968) In this case uhc aqnpm:i; ha& residual
nem'h:we ehama aml the aub%ro,te, ATP was alon ua{r%i\m:‘y chevged.
Az: ag)p.,.re:m K value for {, L nzmﬂobil:f.&md SIS an ordey O:E‘ mf'zf.mi'bucie
Imgxhev Lh it '!:,he Ei i‘nr ths enayme in free sambmn ms cﬁ:aeweﬁ.
Ag};mn his =f’£’eeot wou dhssrved pb 1mr mpie S‘Lx‘awahs zmd «iwmme&
swivh ﬁ.llcai’eas;ins' 'ionie :si'.reiégrt}m. 'l‘!m 15.1;;@ eharges ni the mzmur%:» and

AP m \xl'is in o demmu.ur.a in the mwntmte (:cmcmzwai-mn ia uhc mﬁ em—*

ewimmcm of uh@ vound ex: By reletive o the tulk ﬁst)lu_‘i‘;im'u Th&:-rei‘org",
there wouldle o locolised decresse in substrate concentration within he i

. l. Y "
madrix of the suppors.

Axor o ékla (1970) ¢ ﬁudmii. the ei‘t‘eei.fs of diffusion of
au‘t—mﬁﬁmﬁé'in wr 6 gwollen mobrls on the appavont }C of cixymo%.xyp in
immobiliégﬁ_ onto Sephuross. 'I’l:w fmmobilized - Ghymcbrypm n prca parations
ac:t‘imr m;'a@éﬁ*{lﬁwﬁyr&amé v::ﬁh}“g}; eéi‘.e):' hioad appm,rc-;n'u I‘C 'mlmcm aziaeui;.

tmf’cﬂ.ct hwher than that o’utaine:l for the ensyme in x"rw somtion.

iz 8



Poth the diffusionnl offecbs end the micvosnvivoomental
effents are Qependent on the cnzyme belng lnmobilized within and around
the motrix of thoe suppors. In bobh cagses it is enviseged that the
enzyme is burded within o highly cherged metrix (Goldstein ot 5:!__.. » 106k}
aod this ercabos an envivonment which is merkediy difforend for tha
ez bhon vhen 1t is in Trec solution, lowever, os previously stabed
Por the nylon tube derivebives, the ongyme is probobly only ismobilined
on the surfone of the nylon medrix, sinee only the pevtide bonds on the
surfoce of the pateiz ove cleoved. Thoreforoe, the ensyme vwill nod be
buried vithin the nylon, but will probobly be distridubed solely on the
murinee of the strueturce ond concequently ony effects due Ho either pore
aiffusion or clectrostatic interactions will be cuite small, TP this is
the come then oipnificant dilfferonses would not bo expeetaed bebween the
apparent Km valug of the inmobilized snsyne end thsa‘ Km of the eﬂ;&yme
in free nolution. Uven for the penieillinace, which has o charged
substrate, there is 1o gipnificent ehange betwesn the oppavend i{m of tho

inmobilized ensyme amd bhe X, of the enzyme in free solution.

323630 uffecta of pil

Pig.3T shows the pH profiles of pyruvete kinage immebilised
onto nylen tube end olse free in solution. -It woy be oeen that both
rreparalions hove o pl opbimm ab 7.0 and olso thot Shere are no
glpnificont differenses hebween the shope of the pil gardfilés of ¥he two
preparations. These reculba, together with those obtained from similay
studies with lactete dehydrogensse and wreanc, bobh fres in se?.t%ﬁi'on and

supported on nyvlon tubs, are summericed in Table 9.

128

A

A N et e o S A e S B A e



%00 % of maximum 2ﬁ)

activity

<

. : /',
80' . /(S

4 O >

=

[ I | ! ! 1 1 ! L ' 1
5.0 6.0 7.0 8.0 9.0
oH.

Fige3T. Bffect of pH on the formation of yyruvete by pyruvete
kinese in free solution((D)) and chemically attached 4o nylon
tube([_]). 411 assays were performed in the presence of borate-

acetate~phosphate buffer at 30°C as described in the téxt.




pH opbina for nylon tubp-supported enuyme derivativos

Easyme i optimun for
nylon tuhy-
suppovied ensyne

Pyruvete kinage T+0
Iactate dehydrogennse 5%
Ureaso T:5

pil optdmun fox
onzyne in £ree
aolation




3.4:8, Geneval Connidovetions on the Fropertics of
HNylon Tubs-Cupuorted Pasymegs

Tt eon be on edvantese 17 no signiticant chenges cecur in
the kinsbic proporbies of ou enmyme vhen 1t ig jwoobilised. This is
boeomee the opbimal operating condibionn in tevms of subsbrote
congenbrabion, pll and fonie stwenpth ove less orducus to deline.
Significont changes in the kigetie wropertios of the engyvmen upon
immobilization might heve occurved, if much lower ionio sbrengihs vere
used (T'/200.0L). Howevor, the lonie strengbhs of the swbstrate
soiubions used for the assey of the nylon tuba-supported ensyvite
derivativgs were ot less then 0.1 and congeguently they might hove

macked chonges in the kinetic jwopsrition.



Ceneveld Considerntions




General Congiderabions

“a’amy mothods have boen deseribed for the prepsration of
Srmobilized enuyme dovivatives (Melrose, 1971). The chemictry
involved in some of theso preparations is often quite complex,
involving several differont ntepsy for example, Tuwen & Dintsis
(1060) and Mavohall ot el., (1072)¢ It moy be crpusd that the
depree of eomplexity of o properative gyrmeaqra controls o o
corbain exbent the remodueibility and officlency of the method.
For owanple. the preaber the number of unil operabions iﬁz the
prooddurs then the groster e the chance of expevimental error.
Tikawine, 'i;lie overall yvield of the mebbod iy dwamnd&nt on the
nurber of unit opevotions and $inally, the longer £he progedure
takes, the highey ore hhe coabs invelved, Therefore, in the
rrepavation of an immobi:t.i.s;,eél engyne the aore steps involved, the

longey the provaess teakes ond the higher bthe costo.

A nuntber of compounds have been used for the prepevebtion
of ‘romobilized wngyne devivabives, which ore dongerous to handle,
Tor example, some of thesc repgents are cereinogenie vhersan obhErs
ave highly toxic. Denmidine dordvetives (8ilwon eb al., 3.§66) ond
1,8-aifinoro-2, b~dinitrobenzene Marfey™ & King, 1965) heve baen
used as bifunctionnd Pengente snd cvenogen bronide (Porath of al,,
196T7) end vhosgene {(Yorvevh & Solemon, 1972) heve boen uped for
suppors activation. IT imvobllized snzymo derivatives ore to be
prapared roubinely. ond on o lovge scoele then it ic desivable thet

the use of veogents ouch o5 those is avoided. In gensyral ony

9
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gompound that vesebs with o protein snd couees cross-linking of the
obein in potentinlly Gougerous. Hovover, the level of toxieliy of
guch compounds will be dependont cleorly on the physical propovéies
of the compounds Sor oxawnple, whother It io o ldguid, & solid oy o
vapour ond 160 ehemical propevties, such es the hebhed by vhleh i%

reects with the protoin end oleo tha nattre of its reactive proups.

1}(3«:&(5&11% cong in a vavichy of forms, for exomple, solids
{oug. benzidine), gases (e.p. phoepens) and Toiide (e, gintop-
aldehyde). With povders 1% is ensy b0 generado mmzeniﬁ dusts which
propapete the nateriol and liketide gases by vivtue of thelr physicald
form ove aloo easiiy vropngobed. Frobebly the ;naﬁ*é. convenisnt fori
in vhich to hendle ¢ toxnic gompound io in the form of o iquid with
o #ery 10W VOO pranswre, pz?ei’emﬁl’y elrendy in the form of o dilute

aqueous golubion.

Sone of;‘ the bifunctione) Pesgents, which h‘mm; been uned foy
the prepovetion of Imviobilized ensyme dexivenives oye aulio oxponsive.
Fox inhﬁémag conpoundls sueh os the 1,5-difluore~2 W-dinitrobenssna
{(Manfrey & Wing, 1965) ond Hecthyl-S-phenyl i’ezm:a:icl.iumw?;:-mxlphana%
(Patel eb al., 1967) cost approximately £1/g end £3/g reopeotively.
Sinete one of the moin ndvantoges derived from using é;*‘szyg:xa ‘:?.r'z an

nmobilized fovn emanebes fron eeononice considerationy, then it io

frs

obviously best to avold using sxponsive componsds such os these. Fop
ghe propavetion of mohy dwmobilised cusyie derivetdives en excess of

bifunctional reagont rolotive to onmyne iz reguived. ‘hewefore it s

ot
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" poeoible In cevbain situotions, whore The enzymw is inexpensive

{eoma commereidnl grade gluecge oxidese), thet the mejor cont involvod
in the preparasion of the lmmobilined enwyme derivotive is nobk the

" enzyme 1tself, bub the rongent wsed for linking the onwyne %o the

SRPP0ES o

in céozmlu:éien suerelore, the prejevation of its&x@ﬁiximea
‘ézzégma‘ devivetives should bo no iaim;gﬂe ag gioi:as:i‘isic: and duvolva os Dav
#teps oo liomibléz; The orons-linking résgent shownid hove lov toxiciby,
bo cany o hondle and finclly it st;bialal Yo mmily mmme' ot low coah,
Tt has already been sboted in seetion S.1.1 kot glutereldebyde is
relatively non-togic, onoy o nendle ond maﬂiiy evailable ob low cosh
as woll as affording o faoile wethed for the preporation of immobilized
angyme devivetives. Yaklng into secount the sbove considerations the
adventoges from uslng this madoriel as o bifunetionald resgent for whe

proparation of dhwiobilized envymo devivatives cvg obvious,

During the loct twonby yeors o lovse number of difforent

' 1:15:&@1&&5 have been used 4o guppork structursa fop tizia prapavation of
innobilined ensvne derivabives (Gélémim b al., 1071). Thafse

- moborials méy"im roughly divided into tvo Aifferent gobegorieny Ehose

I vidch are conmercially readily aveilobls such s cellulose, polystyrens
.ami nylon epd these which hova %o be speeielly wade, sueh as povous
gloos ond enino acid sopolymers. RAuy suppord whieh hos $o De opoelally
mpde fow Ghe prepaveiion of Smmobilised snayms derivatives, vill be

. expensive end avolve time conswaing processes.  Pherefore; on econonie
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prounds 1t Ao obviously besh B0 ey and wse o mosoriel wlm.h ia

produced industeielly in lorge oventitlcs ot lovw cosi,

Ao proviowsly mentioned, one of the prineipsl reotons

Lor usin” on epgyne in en jumobilized form is the lmproved sconomics

of enzymne ww.l:i gation. The ides i thet the fmnebilized onRyne

dez'i.mtive in m‘:'eél vepoatedly, over nn ehbondsd period of time.
‘J?;,ex*nfc:rc it 38 ossentisl thad 'ﬁh(% sunpord material rem;iﬁ.ns ineri,

shile nmmmmi ng its stwaebueal integrity during uee, ond 16 veslotant

to aiavobinl a:bi;mk; Tor insbonee, porous gless hoas heen uend oo o

ouppord materinl for tho prepnration of many irmobilized ensyme

devivativas (’i-fm'ml:_l., 1969}, Hmmrew? it nns begm obgowved thab

prolonsed uoe of Wapm:aﬁiom resultd dn o detoriovation in the
strvetuval inbegrity of the glass (Wooball & Havewmle, 2072). Hatwrally
ocowrring polyaves such oo cellulose ond relabed :im*t:- PRHG have also
baan used exteonsivaly oo supm*w maberia Lo, but 1% hes been found thet

thoy ave sutcepbible to wmicroblal etteck,

Hydrophoble motevisle hzwa been voed as mpmrt structures
o tht, m'e,},;xm{zioxs of imobilized ensyme devivobivesn. ?o&yawrem,
for iavtance, has bowsn uaecl for the preparotion of };ﬁlys*:;;rcmf; Hoade
supporbed inverdsse (Filippusuon & Rownby, 1970) end for the preparation
of palysty;mne wubeesupported gluoess oxldase (Novaby et ol., 1070).
However, i3 has busa sugggafrsﬁiaﬂ thet sapport nateriels eontoining
hydrophobic sroups night denntuve o protein by prosssces siniler to that

vhapaby o hydrophobie solvent denotures » probein (Qoldwen &b ol, ,1973).
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Thevefors, very hrdrophoble moteriels night hove linitell woe as
supporh styuetures Tor immobilized ensywe derivatives simply bacouse

of the unfovourable nature of the oupport on the envyme probei.

Probein nolecules are composed oFf ropoabing units held
sopebher by naptide bonds. Phevefors. It ie noh unvensonsble to
suppose thab o support nateriel, vhich conteing this besie feaf_.ure,
might offer o veny abtivachive guvivonwend for onsyume Immobilizotion.
Bupport _mavt:eri&lag whdch Pell inbto this cotegory, ave polygludonie
aeid - (Padel o al., 1967), polyasportie aeld (Patel et al., 1960)
end nylon {Sundornm & Hovnby, 1970), However, as olready stobed
nowe of thece polymeric endno neld suppovts dve very expansive, fop
instanee, polygintomic oeid end polye.aparﬂie'.acid:cosr& eooroxinately
£36/g ond &78/¢ veopsetively and eonmequently -i;_}.m ﬁsc of maberiels
such as these areotly iner sseu the cost of on :ﬁmabils‘.zed enwyne

prepareiion derived from them,

The choloe of o cupport and typs of suppors siructure fov
the prepavation of an lemobilined ecnzyme dewivetive will bs dependont

on bhe way in. yhiéh the derivative ig Lo be voed, For indbance,

beads, povwders and Plbres ove used in packed bedr ond sblered Henk

veaotors, nepbrones eva used in enzyae slestvodss and. in dialyser wnits

and tubes in continuouvs flow-through enelysis, Therefore, it is

advantegeous to be eble (o obialn a support which cen assune o variety

of AllPerend piruatwrss, since the tyes of stvucburs reaunived for one

particulor application might be Aifferent fvom the structure required

for o seceond spplicotion. Vor instonce, eellulose and related dextrons
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~have been wsed in the form of povdevs (Poreth eis . 5 S 1967)
_'zmcl in the form of sheebs (!{ay ot al, .. 19671, . Ali,houg,n thia a*apre- ‘
. sanbe 8 rnnaonwble awermi‘metion of 'ﬂmmmre %;hs ahget_s e_.re veny
fragile f..s,mi preat eore has o be taken i-zhen ‘t.he:y' a;ra han&;!.m‘i.-,'
 - !?omus {rlf.x.s*; Ay cmf!y hé obteined In the Porm of beads oad eo. iﬁm
use oi‘ this material :s.s rests ﬁcﬁnd to pmz e bade 'zml sﬁ*m‘ﬁa tank

reac‘i:or&: °

 Pinally, the choleo of suprord metorisl will be dependent

on the speeific proparties of the enzyme such as ive isoglectvic
- point ond also ‘on the nature of the subsbyote, Charge-charge inber-
actions bebveen an enzyme and 2 support may faeilitabe the upboke of
Hhe engyae on the suppori svelace, 1€ the charges ave omicsitg in
na‘mwa, vhén For émmplﬁ' the enzyma in ohove ibs igsoileotric poind end
The support 6 pasﬁtwely chorg er1 ot the pH of the cowpling. Hince
amgmm Aiffar na r}ge,dly in their woelaetmo pmni:s it is o‘iw fously
n&mnﬁagemm +0 be :\h‘m o ub* ain i1 ‘am'ﬂj}(ﬂ'tg vhich aan he cc:mrertea
. voaﬁzly into e i:arm with e:}cher o oy mm.l posit:wcv or & remclual
:mgmswv oharigsa. Celzvms{»: may he Obﬁ&inea in o i‘orm cﬂrrvz ‘57 nsixer
‘a rer:x.dun‘t nemtwe chama (Cﬁi»cn;.lh:losa) oY o rem&ua" gamaitwre
ohat’ga (DEAR ~calluloae) Ag ms:.x dr;ssem.hea in . aaci;icm' 2 J.. nylon mey
he hydralyﬁicalw“a},c'wcxd %0 yicld rasﬁaml negabive eharnes in the
foz.-m af disanum‘tm em‘boxyl ﬁrou}m cm& non»lwdrn? ymepny«claaved T
yield rasi dunl poaitiva chovgos In the form of pogitd 'cre‘l.y chaerged

tevbiory aninoe groups.




In conclusion. therefors, the idesnl support mebevrdal would
seem b0 bz one which is cheap and read:i3.§ availeble in o variety of
nephonically stiong formg., Th wast alvo be vasiatent $o microbl
attaok :,md nrcfaralﬂy be obbtainobls in o form vhich wmay be resdily
eonvertod ;‘éiﬁm a abobe covrying either o vesidusl negetilve o
fﬂé:‘{duai_ rositive chovrge. Finelly, it vould bs advantogeous if the

r*’*erm't bad mrobein 1ike provevties so thabt the onvivonnent oi‘f’er&c‘t
H0 thn e mbi’lw ad ensyne 1o aguite fovousnble, Hylop sausfc"? 8 ULt
m’.‘ hhem 1’(:(111'11"9?1%!’31.‘3. T4 ds very chesy ond cen be obbained m.tlmr oa

& i;u'nm o powder ov as o navbrone, all of whieh nve mechenicolly abvong.
ARl nyd Ton x,tz*uatm‘as ave resigiont to microbisl ottack and the tube end
pm-r&m" woy be converted into forms with ellher o vesidual nemabive
chavge op a residuel pogitive chavpsé, T 3. ¥, the Dackbone of the nylon
is held together by peptids honds, Yherefore, taking into serounk o1l
the preceding considerations, ‘nyion csi'{‘u'ss en axtellent pupports meterial

Por tHe preopavedion of dumobilized enzyme derivabtives.

I an @m’lier asgabion of Lhis work it wos Pta‘bc,d that move
ac uive 51mmb}.:; zed engyne davivatiivaes conid b prepared by uoing enzyme
@;*epzsm-bi.qnﬁ, which hod & greeter speeific aotivity and o mgnm‘ degroe
of purity.  This wes demonnbyeted using two different prepavasions of
glugose oxidnae, the triasole~trenhed glunose oxidese ond bhe Roshriuger
glucose oxidese preporstions, The amount csé enwyme probein waeii for the
1*wramzﬁon of o 3n lengin of nylon tuba-aupported teias oimweete&
glucose oxidoge wos 3I0ngs vhevens :a?or' the prepavation of o 3m :L_e.ng'bh of

nylon Subs-supported Tocheiimer plucose oxidass 1% won T.5m3, It san
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shown thet this loabter quentity could be fwriher reduced, since &
pecond 3n 1ength of nylon tubs—supperted Boehvingey glucode oxldose
was prepared using only 3me of enzyme protain ond this derivetive
nad she come cobolytie ectivity as the comparable derivebive prepared
from T.50¢ of the some envyme pwrotein, Thevefore, it is ‘hO‘*I‘lblﬁ
theb fuz*ishcr ssw:’zﬁgs in Lerms of ensyme prot toin ney be malir-ssa

s

without 5:1&'(13 fieanbly afi’me wing ’t.iu, cabalyvie aa’c»wmv or 'uhe abructure,

The work in this thesis showed that the Yube-gupported enayms
wes the bost wvay of using en immobilized ensyme for the determinetion
of its substrate in eubomobted anslypis. The twbe derivetives were the
nost sensitive structures in derms of the highent conversions of
suhatrets to product and also they could he weed for Tha @rfommme of
nove sessys/unit dime thon eithgi’ Hhe povdeyr~ oy membmneﬂ; supporied
derivatives. The obher principal advaninge of the tube~ sunporded
eavyre derivatives, velodive to the powvder— and nenbrané~supperted
c‘icaz'iva,jti*f'mao is the epse with which they eon be inao?po,i‘wbe& and used
in evtomobed flow syatems. M auboanalysor is o floxible piece of
condpment ond pay be used for a lavge mumber of different types of ossoy.
Therefove, it is esgentinl thet iIf lwwmobilized enuywe s;:tz;ucﬂ;uz-em are to
be incorporabed into outomnbed Tlow sysbenp, then thely inclusion mmst
aan invalvn grogs chonges in the M:m’b:me' cr:wmm,ry, otherwise 'i:ﬁé time
raguired to shange L}m frow sysiong heﬂ,f:men o difforent ﬁypaﬁ of

assey will be inerdescd.

Apars from the determinetion of itg substrate, ib woo shown

that the avlion sube~supported ensyvme derivative eoula be used Lo
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continuously gensrate an dxpensiVG.analytical reegent from a chenpey
.reaggntj . Ta this respect yeast alcehol.dehxdrmggn@se waé used to
conbinuously genevete WADH from NAD+, and the NADH produced was used

for bwo apalybical syslems requiring this particuler coenzmphe. The
continunous production of NADH from WAD' wesulbs in o significant
fihanciml.édving}”héaause'ﬁhare ig an approximete two-fold price

" aifference between.com@arabla'gragés of ‘the two weteriols, Commereiel
preparotions of NADH usuelly cgntain a'variablefampuhtiof waber ond

aleo o variety of degradetion produets. Thevefore, nnless extensive
purification and chémieai analﬁsis ig carried-out”thg.predise
concentration of any ADH solution is Gifficult o establish. This
"ﬁ#éblem is not encountersd when the WADH is. géneroted in situ, with

the nylon wube-dupported aleohol dehydrogesase, becouse the econcentration
m&y he éﬁsily cal&ulaﬁéd from the chonge in extinetion vhen the coengyme -
penerating tube is inserted into. the flow sysbem. Saiutions of WADH are
' much less sbable then NAD' solutions , when both ara-sﬁofed under optimal
édﬁditidﬁsg and ‘so proéueinglﬁhe NADH in situ minimises the time avail~

" able for the formation of degradation products.

The monitoring of Ffermentation process@s«is-very important,
besouse Tine conbrol is esseﬂﬁiéi'dver a fermentation to cnsure optimal
_uﬁiliéatipn of medium and 0pﬁiﬁalﬁ§fﬁ§ﬁét'fdrmaﬁiona:‘ Since enzyme
ibéséd'aséayé.are highly specific, fh;ylﬁéuld.be very uéefui”faf determin-
iné'the concentration of a particuler compound in a fevmentation medium.

Hovever, duwe Lo the protvacted natuve of fermentationsand the need for

eontinuous .analysis, the quantities of enzymesrequired would be quite



cmn:a;iﬁerablm- Tusrefore, the nmonitoving é:’«;’ Termentotiong with Sube~
supported ensymes is o Picld wheve the potentiel of thess derivatives
wey be expleited. A vest mejority of fermenter medle will be complex
ond so it would be necessory to debermine the substrate In the prosence

of wmony obher compounds. % was shown £or both the P mhs:;rgds;e_nmu

ond the yeast fermentotions thet the officlency of deterninetion iz nob
impadred by hoving otheyr compounds present, apart Trom the cubstrabe.
hinked swsyme systens cowld be empecislly usefud in vhis paviiculer Field

of anelysis, sinee 1t has alrsody been deseribed how uonogseschorides

and dissachavides way bo determined in the nome somple.

Talble 10 presents all the nylon isub:rsuppa;ﬂ;mr‘i degivérl;i\res
studisd in this vork sud Liste the pospible applicstions of these
differant prepevebions, 14 way be seEn f‘rqm this teble that the '3315&5.11.
areng of application wou}é soen %o ba elinical apalygig‘ana,gualiﬁy
control in the Yood and farmentotion indusiries. This type of enslysie
invelves the determination of one porticuler compound in o lorge mwriber
of gomples, walng on automebed enwyma-bnsed assey. As the work in this
thasin hagn £a110mj, the nylon tube-supporbed snznyme devivative is

marbioulorly sulted to this dype of anslysis,
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Table 10

A T AN TS,

Phe poseible applications of nylon tube-supported cnzyme

Derivabive

Hylon tube-supported
gluconse oxidese

Nylon tubsesupportad
wrense '

Hyloii Lihaw sumabr’!; ad
penieillinase

Hylon tubg-supported
invertase

Hylon tuba-go~
supported gluoose
oxidose and peroxidase

Hrlon tube-supported
iactate dehydvogenass

Pylon tubs-supported
molete dehydeogenase

Hylon dubc-supported
oleohol dehydrogenasse

Hylon tubawgo-
supparted pyruvabe
kinnse and loctate
dehydrogenase

devivatives

» _&;agit‘i.‘caticiggg, 4

Maasurenent of glucose in blecd,
niine oud fevmentation broths.

Honsurenent of urea in vring and
hloot. ' '

Hemovel of penicillin from miilk and
nepsurausnt 18 fermentetion broths,

Hansurement of sueross in food

makeridls and formentotion broths.

Mensurenent of siucone in blood,
urine and fermentobion broths.

Heosureunent of pyruvate end

determination of plubanate-pyruvate
tronsoninase activity.

Meogurenent of oxnlacoetote and

deterainntion of glutemate-oxslocatate

tronsaninase ooetivity.

Contimious generation of NADY and

neasurenont of ethenol in fermentoations.

Measuvenent of ADP



36".&.?&;1‘?9

......

Hylom tubesnsupponted
lavertase end nylon

be-oupported plucons

oxidase’

Hylon tubg-supported
asny;q@maosxm%a ond
pylon bubsgupporbed
ginoose oxidase

Vylon thabo-gupporbed
/3 ~gnlactosidese and
nyion tuboesuproried
gluoose oxldoss

Pahle 10 {(Contd.)

Am)ﬁ o i’a ong

Hpponrenant of zésucrdﬂe and. gluceae
in food 'rvamme
braths,

3 and Permentabion

Moasuesmont of malione in food.
poberdols, i‘@mmoaﬁioxa brotho an@_
in bhe beew g industey,

Hostupronend of luctope du nillk,
food natoriols ond Pevrmontohkion
brothn,
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Avutyrach

»

Ls  Eosviaee hove baes inmokillszsd onte the inglds surface of
positively chavged end nsgatively chorged nylon tube wsing n

novel pretreatnont process for the nylon tube.

2, Glucone oxidase {80 1.2.3.4) and wrease (B¢ 3.5.1.5) wore

frwobitized onto nylon tube, nylon vouder ond nylon mevbranc,

3. Aubomabed onalybical proceduwes are deseribed for the
doberminatlon of glucoss with cooh of the three Dmmobilized glicose
zidnee derdvabives and for the determination of wren with coch of

the thyoe immobilized urease dardvaiives,

%, The efficienciss for the bhvee Jumobilized enmyme structures
05 veagents for the aubomebed determinotion of thelr subsiraten

vers conpored.

5. Hyhon tube-supgorted derivetives of malate dehydvogenass

(EC 1.1.1.37), lsctobe dehydvogenose {EC 1.2.1,27) and yeast alcohol
déhy&fngenmﬁa §is) 1;!.3.1) were prepnved and antomsbed anslytionld
praaé&ures for the dsterminetion of thelr vespeative substraten ove

&aﬁéribﬁao

6, ' Yonsh aleohol dobydrogonese var used to continnously gonerote

v, ’;" % 3 - L] >
HABH from HAD - fov the ounbomateR detowminotion of prruvete and

oxolacetode using nylon tube~supported derivasives of lachobe
dehydrogenase and nolato debydvopennae vroopeotively,

To  Tomobilized 13&&@& ensymo oratens of inverbose {(BC 3.8,1.26)

end glueose oridass, cwuylopluwcosidass (B0 3.2.2.20) end plucos:

14
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oxidana,B ~golostosidene (B0 3.2.3.23) and gludose oxidase have boon
prepaked ond used for the deterninotion of suorcss, melitpse ond lestope

wy shely ingorperation into a comnon Tlov Systei.

8. Nylon tube-supporied devivatives of yeast olochel debydeopgenosa,
plucose oxidane and penieillinoss (BC 3.5.2.6) were used for the

ronitoring of fermentotion procosses.

9. The kinewic praperbies of sowo of the immobilized ehpyme

derivatives were shudied,

oo
W]
=
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