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ABSTRACf

Oral adminiJUaaioD ofencapRdated protei.... tbe nal of lDIIIboIic enzyme

disorden bu received ... ltfentiorL ID dU lIudy wu uaed • the

immobilizalion matrix becII•• ofita_of... and miIcI farœdatim coaditioaI wbidl are

more compatible witb proteÙII tbaD odIa' eaca..,letjon ....bods. Al&iDlIe" tend to

have a wide pore size diItributioIl ad the Iaqer pores aIIow UDdesired subltntes 10

diffuse into the bead. ID the treatmeat of eazyme cIiIarden. proteiDI eacapsuIated ia

alginate gels may be deactivated by proteoIytic eazylMllUCb • cbymotryplin. wbich are

present in gastric tluicls. To reduce the pennability 10 chymotrypsin (MW 21,6(0), the

alginate beads were coated with poIyc:atioaic......... Chito..... poIy-L-1ysine, and

poly(methylene C()....nidiae) ........ wcre evaIuaIed for tbeir caPaatr 10 exc1ude ex­

chymotrypsin and ott. proteues ftom alsinate bada. The exclusion of chymotrypsin

was quantified by ma.'rins the deactivaûoo ofthe encape...ted .....

When alginate beads were exposed 10 0.5% chymotrypsin Cor 10 min, 98% aetivity

of the encapsulated ureue wu Iost due 10 deacdva1ion. Polymer coatina of the alsinate

beads resulted in bigher chymotrypsin exclusion. Cbitosan provided approximate1y So-A

activity retentiOD der chymotrypsin cxposure. A c:ombination oflow and bigb molecular

weight chitosans otrered 30eA aetivity retendoa. wbiIe ureue witbin poly-L-1ysiDe

membranes on1y hId I~A residual 1CtMty. PoIy(metbylene co-panicline) membranes clid

not provide any protection &om cbymotrypsin.

Lyophilizatioo C'''''" the bada to Ibrink ud reIU1tI in a more compact ltrUCtuIe

and a reduced pore 1ÏZe. After rebydradoa die bada cio IlOt sweO 10 tbeir oripw
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diameter, eft"ectively l'eclnema the pore... LJOP'Mlization aDd rehydraâoD readted iD

beads witb • hi'" chymobyplia adulioa tbm poa,... COIted 11 rad' After apoIUre to

chymotrypsin, the lCtivity ntenIioa of die ....,.......... foc uncoIted beaU WU

71%, and agit" Cor dIÏtoIID COIted beIda. TIJua Iyophilization lad rebydn1ioa ofCOIted

and uncoated beadI readted in the hiah- Ievel ofureue protection &om extncIpIuIar

chymotrypSÏD.

GastJiç fluidI contaia lIIIIlJ~ tbIt cu a8èct the acâvity of encIp"d""

proteins. The eft"ectI of two otber procea-. trypIÎD ad protein·· K in addition to

chymotrypsin, were evaJu.ted. Cbitosaa coated alai" beaU were expoIed to trypSÏll

and the results were simUIr ta tboIe obt.ined l'om chymotrypsia, probmly due to tbeir

similar molecular weisJù. The exjIOIUIe of dIÎtOIaD coat" beadI to the lliabdY .......

molecular weigbt proteiDlIe Je rauIted iD • bi",1eveI olret';ned ldivity.
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L'adminiltratioa par voie orale de protftMl emaplU16el pour le traitemeat ciel

enzymopathies métlboliqua retient depuiI peu ratteaâoD ciel cbercbeun. DaDa la

présente étude, c'. raJainete qui • laVi de matrice cfi!D!ll()bjliMtioa .. niIOIl de •

facilité d'utiliution et cie • plua ~ pour la protéineI que la lUtreI

méthodes d'inuDobiJiIaIiolL Les pla cr pr61elùllt ......... IUle réputitioIl

plus lâche de la taille de leun pons cIoat la plus ....... taille peimet al outre la ctiflhsjan

de substrats indésirablea clau" biJIeI. Les protéineI1DCÇIUI6el dans ciel pla cl'alp.te

utilisées dans le tnitemeat da eazymopatNea lOIIt parfois déIIctivéeI par ciel enzymes

protéolytiques comme la c:bymotrypIiDe, qui lOIIt pc'.em. cIana les IUCS plUÏqueI. CD a

recouvert les billes d'alginate de membraDeI polycationiquel pour réduire la permabilité

de la chymotrypsine (MM 21 600). On aainli pu déterminer la capacité de membranes de

chitosane, de poly..L-lysiDe et cie poly(métbyIène co-panidiDe) • prévenir la pâlétntion

de l'a-chymotrypsine et d'autres protéases cIIDs les biDes d'alsinate. On a quantifié

l'imperméabilité à la cbymotrypsiDe en maurant le taJx de désactivation de l'uréue

immobilisée.

Dans des biDes d'aisiMte expoléel à IUle lOIutioa cie chymotrypsine • O,S %

pendant 10 mn. l'uréue illUDOlMlilée • été désactivée • 91 %. En recouwant lei biDes

d'alginate d'une couche cie polymère, on a obtenp un plus fort tIUX d'exclusion de la

chymotrypsine. Les biDes recouvertes cie cbitosaDe ont conservé environ 50 % de leur

activité après avoir été expol6el à la chymotrypaine. L"llOdaâoa cie cbitoSIDeI de faible

et forte masse moléculaire a permis cie maintenir un taux cl'Ktivité de 30 V., tandis que
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l\riase~ par ciel JIIIIllD'IbraMa de poly-L-lyliae D'. coa.w que 12" de lOG

aetïvité. LeI membrIœI de ~...,... co-peidi..) D'oat ofFert lUCUIIe proIeC:IÏOIl

contre l'action de la cbymoIIypIÎIIe.

La lyophilisation eatniDe la COIIIIKIion da biIIeI qui pr'.enteDt de ce &il une

structure plus complCte et des pores de taille réduite. Lorsqu'eU. lOat~ lei

billes ne retrouvent pu leur cti.'!'ètte iaitiaI, ce qui • pour "et de JécIuire la taille des

pores. La lyophiliudoD et la rébydnIatioIl GIll penaiI d'obtenir .. biIIeI plus

imperméables à la cbymotIJpsiDe que .. biIIeI recouverteI cie polymère. AIriI expoIition

à la chymotrypsiDe, l'uréue eae.psuWe c:on.-ve un taux cl'1Ctivité cie 71 " daDs .. biDes

non recouvertes et de 89" clans lei billes recouverteI cie cbitosane. Ce IOnt donc les

billes recouvertes et non recouwrteI KM·mjMl • une lyoplMliHtioll et 1 une réhydratation

qui protègent le plus e8icaceme11I l'uréue contre fICtion de la chymotrypsiDe

extracapsulaire.

Les sucs gastriques COllÛenneDl de lIOIDbreuseI protéases qui peuvent afFecter

l'activité des protéines encapsuIéeI. On a donc évalué reff'ct de deux autres protél... la

trypsine et la protOnase K. Des billes d'alginate recouvertes de cbitosane ont été exposées

à la trypsine avec des effets semblables • ceux réIuItant cie ('exposition lia chymotrypsiDe,

ce qui est problblement attribuable lU &il que cel cieux enzymes ont da ma••

molknJaires semblables. Les biUeI recouverteI de cbitoune expo.6e. 1 la protéin ... Je,

dont ta messe molén".ire est Waàea.... plus élevée, oat cons.vé un tauxd'~ plus

élevé.
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urease.

The impact of microeocapsulation on our daiIy lives bas beeIl llrae. Applications

include the eocapsulatiOD ofiab UIed in carbonleu copy paper, Yitamins, dru... clya, and

food ingrediems, to the encapsuIation ofwater dropl.. used iD microwavable cake mixes

to keep them moÏlt.

Chang (1964) pioneend the -m-permeable membnDe boIlad microcapsule tbat

aIlowed a selective interaction betweeo the ftuidl insicle aad outside the microcapsule.

CeI1s and other biolOJÎcaUy active lDIIeriaII were beina microeDcaplUlated to reduce the

poSSlbility of immnno-reactioDl becluse the membranes or the polymer matrix are

permeable to Iowa' -sbt solutes but impermeabIe to Iarpr mo1ecular weisbt molecules

suc:h as antigeua and otber' proteÎIII.

1.0~

1.1 ".obilizado.

Inunobilizetjon ÏI • methocI of phyIicaIly rAM'finina eazyIMI. Tbere are mail)'

methods used to javnobiJize eazyIœI. clependi... lDOIdy GD the appIicatioD Cor the

immobilized system. la carrier bindi.... the enzyme au.... to wat« iDIoluble ..pports

by adsorption, ionic bindi,. lDd coVI1eat bindina ADotber way ia to crou-Iink the

enzyme to the support UIÎIII muJtifimrAioaal relplltl Eazymes ilia)' aIIo be rceppdeted

within microcapsules or micrOlpbaa. MicrocapIuIa coDSist of eazyIMI dissolved or

suspended in • Iiquid core contai... by • leIIÜ-permeabie membrane. Mîcrospberea

consist of enzymes entnpped within the Iattice structure of. lCIIIi-permeable pl matrix

(Alexakis 1995). The foUowina work Cocuses exclusively on the microencapsulatiOD of

•

•

•
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1.2

0,*,:1

MicroeIIca.............

The products of IIIÏCI'OeDC:-Iptlaiation may be de·sjW u microcapsulea or

microspheres. Microc:aplUlea are formed via various interfaàaI poIymerization tedmiqua

(Alexakis 1992, Monsbipouri 1991), wbich coaIÏIt of. raction betweeft reactants in two

phases. An aqueous lOIution coDlistina of the material to be encapsulatecl and • water

soluble readUlt il emu'sjtjed in ID orpaic fIuid. A WIter-iuoluble reacta'" ia added to

initiate membrane polymerizatiOD Il the aqueoua cIropiet intedice. The advantap of

interfacial polymerization is tbat membrane propertiea may be se1ected by the use of

appropriate combinatiODl of monomers. "dants, and crou-linkera. The cfisadvantaaes

are that the reactent. and lOlveau miabt ..... &aaiJe bio1osica1 core materialI cIurins

the encapsulation proceu. Interticial precipita1ioD U 18 aItemaIive (C'" 1957), does

not involve • cbemical raction. Microcapsulea are Cormed by dispersing 18 aqueous

solution in an organic solvent and the membrane is formed via polymer precipitation Il the

droplet interface.

Microspberes are produced with an amoDie polyuccbaride tbat is extrudecl

dropwise ioto • solution coDtainina multivalent cations Cm tbis eue eaZ). The cIroplets

fonn gel spheres, • three cIimensionalllllbix ofionically crou-Iinbd polysaœbaride. One

advantage oftbis metbod is tbat it il. miId and pade procedure. compatible with delieate

biomaterials. Some enmpla of droplet fOl'lllÏJl8 tedmiques iDclude Iddi•• coocenuic

air stream to • nozzle (Klein et al. 1983) &ad appI,iDa ID eIectrical potentill betweeft the

liquid surface and the nozzle «()klwnafe et ... 1996). ADotber way of maJcjng

•

•

•



miccospberes is UJÏDI the en.1si6catioa 1 iDtenlllpletiœ IDItbocf (poncelet et al. 1992),

where beads are formed by iatemalp'''ÏM of. MI.11ified .....e lOhdioa..•
C!1*rl ""'J O

dm

•

•

1.3 AI"'te. e.ca...... _tris

As noted in the previoua section. tbere are lIIIIlY tecbaiques beina used for

immobilizatioD. Alsinate U ID immobilization medium bu beeD extenIiveIy used (Vodop

and Klein 1983). The popularity of-linate ia maialy due to ÎtI eue of... miIcI pIatioft

conditions, biocompatibility, and acceptability u food Iddiûve and use in oral dru.

delivery systems (Hari et al. 1996, Smidsroclllld Skjak-Bnek 1990).

The main source of alainate is ftom die aiaat kelp Man:rocystis pyrifera, but it ÎI

also produc:ed fi'om otba' leaweedl incIucIiDa Lt1ItIinarkI "'borea and Mcophyl1lllll

nodosum. Alginate is • lineIr copolymer illide up of D-nwmuroaie lCicl (M) and L-

guluronic acid (G) UDÎtS. Tbae alainate "buildina blocb" are DOt nndomly distributed

along the polymer chain, but ratber the)' exlubit tbree types of sequences; continuous

blacks of mannuronie ICid uniu. COntinuOUI bIocb of auJuroDie .ad units. UlCI blocks

where the two types ofuaita aItemate repIarly, ail bouad by (1-4) liabSes. G-G and G­

M units are linked with a(1-4) bonda and M-M and M-G uaita are liDked with p(1-4)

bonds (Klein et al. 1983, Smidsrod and Skjak-Bnek 1990)

The gelation of alainate by calcium ions ÎI due mainly to the ioaie cro....ljnkjna

between guluronic lCicI UDitaIocated GD adjaceat aJainate cbtiDl. Tbe calcium ions win

preferentially iDteract with G UIIÏtI tbat are part of. G bIoc:k belore intencâns witb M

units located in the M bIocb. Aa die pIuroaic lCicI bIocb ••Ioci.... tbey _ve cavitieI



where the calcium ionI cu bÎDd. n.erore die ..D'ber of auJuronic lCicI units in a

polyguluronic bIock ÏI the main lInIctunI falure of the ..DIte pl of interest for

gelation. Alginate tbat bu a biah auJuroaic black content forma • 1IroIIpr, more riPi.

and poSSlbly more britde matrix tban .DIte witb rewer pIuronic lCid bIocb. Poncelet

(1992) found tbat Iow pluronic: lCicI coateat iD the aJainete favored • IIDIII.. bad

diameter and • wicIer Iize diItributioD for ftII,lejficatioa 1yIteIDI. Thil may be due to

easier "cracking lIId~ oftbe more Jiaid bcada by die impeDer.

Alginate Sels bave a wide pore lÎZe distribution due ta the opealaaice structure of

the matrix, where structure and molecular weiPt clefine the pore m. Larger pores CID

cause problems by aIIowiDa the entnpped enzymes to Ieak out or undesired substrat. to

diftùse into the bead (Tanaka et al. 1984)

Tanaka (1984) reported tbat the eBèct on the bcada ofincreuina tbe concenttaâon

ofCaCI2 durins SeiatiOD wu to form a denier strueture UId ta Iower the pore m. Low

molecu1ar weiaht encap."..... « 2·10~ fIIIIÏ"I ftom aJucose to cx-1actaIbumin, difIùse

freely in and out ofCa-alginate beadI. The diffiasioo oftbese materiaIs wu unaffected by

increasing the conceatration of the CaCIz UIed in tbe pl preparation or the Ca-alginate

concentration in the beads. Hist- 010...,·", weisbt encapsuIants (> 6.S ·lO~ lUCh u

albumin and y-g1ohulin, did IlOt difIùse into the "siute "dl. but they ail diftbsecl out of

the beads with ratel similar to tbat of unhiNtered cIi&ùsion in W&ter. The lower MW

reagents did not interfere with the CI'Ou-linkina of the alginate polymen. resuItias iD •

tighter, less porous structure, wbiJe the bisber MW materiaIJ dected the alginate crou-

•

•

•
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Iînking. The rau1tins beada wae more poroua. apI'inina why Iarp encapsulU"S readily

diffuse out ofalJPnate bead., but ue unebIe to cfiII,. iaIo beIdI.•
s

•

•

1.4 Cbitolaa

Chitosan [(I-M}-2-uniDo-2-c1eoXY-P.J>-aIucul ia • cIerivative ofcbitin [(1-+4)-2­

acetamido-2-deoxy-P-D-afuca] prepmd by the N-eIeM:etyIa1ion ofthe latter. Cbitin is.

natural polymer tbat fonu the principRI COIIIIibIMl' of the ..... of cnbs. 1obIt...

Antaretic krill and fimpl waIII (TbIdIarodi 1996, Hu.n. 1994) and it ia avaiIabIe at Iow

cost and in large quantities fi'om the wuteI of..coocl proœs'Ïna (lCrajewska 1990).

Chïtosan is • water soluble eatioaic poIysIccbaricIe and it will fOral a membrane on

polyanionic calcium-alginate beads by displKiDg the calcium and fol'lllins cbitOsan-allÏMIe

crosslinks (A1ex'kïs 1995).
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Ureue is • bydroIytic enzyme tbat tnaIformI urea inlo ammoaia and carbon

dioxide. Ureue wu the &nt enzyme to be purified iD • ayst.Uj_ form (S....... 1926).

The jack ban ureue used in tbiI work ia • Mx·". consistj"l ofidenticaI mbunita witb •

molecular mus of90,800 (Takisbima et 111988), for. total moIecuiar weisbt of544,IOO.

The hydrolysis ofurea eataIyzed by ureue ÏI u roUows (Lenki 1987):

œ8AIB

NH:zCO NHz + HzO < > 2N8J + COz

NIh +HzO < > NIL+ + OH"

COz +HzO < > HzCOJ

H2COJ < > Ir +HCOJ-• H+ + COJ~HCOJ- < >

NIIJ +COz < > NHzCOO- + Ir < > NHzCOOH

The ratio between N1IJ to be protonated and C02 to be hydrolyzed determiDes the

net acidity or a1ka1ioity ofthe system. One mole ofcarbonic acid (llzCOJ) cm releue two

protons. At pH 7 the ammonia procIuceioft rate exceed. the rate ofprocIucâon ofcarboaic

&cid, thus additionallCid must be added to mai_in coutlDt pH in the solution.

•



1.6 Vreue _capsula••

Ureue bu bId alon& bistory in encapIU'ltÎOIL ft wu &nt eacapIUIated for UIe iD

bemoperfùsioll appliCllioaa (Cbana and MKIaIoIb 1964) • • major COIIItitueat of

artificial kidDeys. Receally ureue bu beeD .K:Ce.&ftaI1y eacap·"ated on cbitoIaD

membranes ta increue the stabiIity of tbe enzyme Il ..... tempentureI and Iow pH

(Krajewska et al. 1990). Moosbipouri and Neufeld (1992) ct'eIaPRlllted ureue with

hemoglobin in polyamide membnnes lDd obIained 84% lICIivity yieIcI. twice • muc:h u

previously reponed. Ureue bu aIso beeD encapIUIated iD untham-alsinate spberes (ElCÛl

1995), in polyaaylamide Clpsulel (SbIh et al 1994) u weil • calcium aIainate leis (Shah

et al. 1995). There bave been studies OD the cliftùlion of low molecular weisht proteins in

and out ofalginate beads (Tanaka et al. 1984, ICIeiJl et al 1983) lDd many ItUdies on the

controUed releue ofalginate encapsullted proteina (polk et al 1994, Cbuï and Wan 1997,

Okhamafe et al. 1996). The present worle Cocu.. OD the e8"ectiveneu tbat different

membranes bave Oll the exclusion. ofproteuea &om Ca-alginate beads. The deactivatiOD

ofencapsulated ureue wiD rave u a masure ofproteue exclusion.

•

•

JI .,~. 1

•

1.7 hoteuea

The tbree proteues used iD tbia ltUdy were cbymotrypsin, trypsin and protein • se

K. Chymotrypsin is • a1ob."ar proteiJl of molerular weiPt 21,600 (Ripeui lIId

Caravaggio 1976). The moleculac weipt of trypSÏJl wu reported u 23,000 (Hofinlnn

1964) and the molecular weisbt ofprotein • se IC u 28,930 Qaay et al. 1986).



Trypsin and c:hymotrypIin .. pucreatic protcIM' tbat are Maeted into the

digestive tract wbere tbey hyclrolyze the pepIide bonds ofproteiDa u part of the dipstiYe

mechanism. The preferred protein cIeavIp lita of chymotrypsin incIude leucine,

isoleucine, valine, and bislidine (Maabews and YIIl RoIde 1990). Ureue cIerived fi'om jack

bean (Cant:nlQ/ia ensifor-is) bu ail tbae amino lCidI. witbin the resion of the lCtive lite

(Jose et al. 1994), tbus c:hymotrypIin readily cIeacûvaIea ureue.

•
01*1;1 Wu"". •

•

•

The encapsulation ofenzymea for cIcIivery tg the Iower intestine, u • treatment Cor

disorders where metIbolic enzymea are ablent bu beeo the subject of recent researeb.

Alginate is commonly used to encapIUIate the enzyme8 becaa'••nate'. mild pllina

conditions do IlOt advencly d"ect the protein'. cbanderisâCl. The disadvantase

presented by alginate bads is tbat il bu Jarae pores tbrough wbic:b the encap·..·ted

proteins cao diftùse out (lCleiD et al. 1983), or the smaII enzymatic proteues can diftùse in.

deaetivating the enzyme.
.

Urease is • sufticiently .....e protein tbat il doeI DOt diftùse out of the alSÏJIate

bead~ but small proteases. JUCh u c:hymotrypsin. euiIy diftùse into the alginate beads

deactivating the eucapsulated ureIIC. In tbis wort, urcue bu been encapsuJated witbin

alginate beads u • model protein and the permeabiIity of the alainate beads will be

lowered by the use ofpolymer membraœs.



• 2.0 QBJEC[JVES

06} .... ,

Encapsulation of proteiDs in calcin""'", beadI for cIe1ivery ta the Iower

intestine bu been the IUbjec:t of rcceat raearcb. One ofthe probIema encountered is tbal

proteolytie enzymes praeat in pIIric juices lUCb u u-ellymoUyplin. bave the potential to

difIùse ÎDto the bead and daetivùe the protein, renderiDs il us.... Alainate beadI teDd

ta bave a large pore size, makina it clifJicult to exdude Iower MW proteiulUCb u ex­

cbymotrypsiJL The penœabiJity of the ......e beats Blay be reduced by coati. witb •

polymer membrane.

This study will concentrate on Iowerina the pea,...biIity of aJsinate beadI by the

use ofpolymer membranes. Ureue will be used • the modeJ protein to be encapsulated,

and bead permeability will be 1.lesed usina proteolytic enzymea. The specifie objectives

• orthe studyare:

1. to encapsulate urease within cbitosan, poly-L-lysine, or poly(methylene co-

guanidine) COIted a1sinafe beadI.

2. to masure the lCtivity ofthe eacapsuIaIed ureue.

3. to evaluate the etrect ofu-chymotrypain, trypsin. and protein •• K on

encapsulated ureaIe.

4. to IMllUre the permeability ofmembnne coated "Mte beadI to

chymotrypsin and evaluate the efrec:lMœu ofthe membrane in proteeâns

urease hm u-e:bymotrypliD cIeactivatioD. The membranes ofinterest are

clûtosan, poIy-L-lysine, and poIy(methylene co-panicIine).

•
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•
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to lIUdy the etFect lyophiIintiO" .... 0Il coad and uncoeted ... ÎD

reprds to the protectioft ofmeepsulated ureue fiom Œ<hymotrypIin

deactivation.

1.



Il......"..,.....
3.0

3.1 Ureue cIIandaiaa....

3.1.1. Prepanâon ofUreue SoIutioIl

Ureue stock lOhdioD wu prepared daily. by diIIolviDa 100 1118 jIdc ban ....

(Sigma, St. Louis) in 5 ml cIiIâIIed. deioaized .... aad beJd on ice to ltabiIize the

protein. The urease SOIutiOD wu quantified by lbIorbaDœ Il 280 am (MoIecuIar Deviees.

Spectramax microplate specuopbotometer system) u iJIuIInted inF.-3.L

•

•

3.2 Productioa .raJaï-ate-u.... beadI

A 3% (wlv) Itock aJai_e lOIutioa wu prepared by cIïsIomna 1.5 1 lOdium

alginate (Saltialsine 5G300. Systems Bio-IndustrieI; ronn.ty SaDofi; WIUkaba. WI) ÎIl

SO ml distilled watel' OD III orbital shaker. The IOlution WU aIIowed to deurate for al

least 2 h.

Alginate solution (2 ml) wu mixed witb 0.5 ml of the urease solution for 1 min

using a vortex mixer. The mixture wu daaated by ccntrifùainl (Intemational centrifille.

Fisher Scientific) al 3000 rpm for 2 mÎIl The fiDaI alginate COncerdratiOD wu 2.4%. The

mixture wu extruded dropwise itom 1 syrinae connected to III air pressure droplet

generator (EFD lOOOXL, Proviclence RI) Il ID extemaI air pressure of80 plia and

syringe pressure of 18 plia. The mixture wu extruded tbrousb • needle (0.008 x 0.5

inches) ioto 25 ml O.OSM CaCb (AMdumia, Moatreal). The cfiIt.nce fi'om the neecIle tip

to the Iiquid surface wu 16 cm. .,fticient to aIIow formation ofapberical beadI. The

•
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formed beads were pndy mixed duriIIa ae'ation UIÙIIa 'ftIII"'k; Itimr (F.... SQentifie"

Montrea1), and aDowed to bIrdeIl for a mjnimum of lb.

To determiae the amouat oftbe 1OIutioD used for beId formation,

the syringe wu pre-wei...., theft wei witb the alainate-ureue mix. and wei"'"
&gain after extruIion. Once formed, tbe beadI wae tiItaed UIÏD8 • 50 J&IIl mesb, wubed

using distiUed waterll and lWface cIried with ldmwipeI and fi1ter paper. The beads were

then p1aced in pre-weiabeds se""" MmpIe hoIden to preveat lùrtMr clehydraâOll and

shrinkage, then weigbed.

•
..........,.... 13

•

•

3.3. Microsp.ere 1_dÏltributio.

Sïze distribution of the microspberea wu determined UIÏD8 • laser difti'adion

particle analyzer (2604-LC, Malvem lDItrumeDta, EnsI.nef) usina the normal distribution

method. The man di-met« and the uithmetie ...nd.nI deviation were caleuJateci &om

the cumulative distribution CUl'Ye.

3.4 Ureae activitJ ..........t

3.4.1 Experimemal appantus

In tbis study, the lCIivity of he and eocapsnJated urease in ura solution, WU

determined with ID IUtotitrator (Radjometer) used u • pH-stIt. The ldivity of urease

cm he determined ImoWÏJII the rate ofadcI addition to the reactiOD veueI, the weisbt of

the enzyme added, and the rûtionsbip between the acicl Iddition rate to the urea

hydrolysis rate for the Iet,ri. n.e are lIIIIlY difrereat UIIÎtI to expreu the acâvity of



•
1.

ure8Se. The UDÏtI used iD tbiI work are the iaIaDationaI UIIÏtI (lU) cWjned u: 1 unit wiI

h'berate 1.0 JUDOIe fiom una per min. pH 7.0 aad~. Ureue ldMty ia caIc:u'ated

using equations 3.1. For. sample cala.l1adoe le Appendix A Monsbipouri (1991)

reports the ratios of amrnoaia procllldiOll ratel to acicI addition rates Cor clifFerent pH

levels. For pH 7.0 the ratio is 2.26.

(3.1)

•

•

d(NHJVd(Jr) =2.26

d[Ir]/dt =,. 0/ tICid tlddition

Using the pH-ital to cletermine urease lCtivity off.. the Idvantap tbat DO butfen

or salts are added (with the exception of the lIDI1I amounts of acid used) since certain

buffers can alter urease lCtivity (LencId 1917).

The temperature (2S·C) in the reacâon vessel wu controUed with • tbermostated

water jacket. Figure 3.2 sbows the pH-ital apparatuI~ and Table 3.1 lists the

component parts. The sJua jlcketed ractor (compoaent 13) wu c:ustom made by

Montreal Glusblowing IDe. (Montreal) usins the speci&atiou iD Fipre 3.3.



Figure 3.2 pH-Stat Apparatus (MoDshipouri 1991)•

•

•
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Figure 3.3 Glass jacketed reactor (Monshipouri 1991)
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• Table 3.1: pH-Stat EquipDleat Co.poa." (Reler to Fipre 3.2)

17

Part

Number Part Dacription

1 pH Met. (Radiomcter PHM 82)

2 Tatrator (RMiometer TrT 80)

3 Autobureae (llMicJmet.ABU 10)

4 TltrIIioa A,1aDNy (RMiometernA10)

5 Polystlt Refiiserated Cïrculator1Water Bath (Cole-Parmer)

6 Water Cirad.tion Lille - 112" PJuIie Tubing

7 Acid InIet Lille - 3/16" Plastic Tubina

• 8 Acid OutIet Une - 3/16" Plastic Tubina

9 Acid Reservoir

10 Acid Addition Pipette - 3/16" OD Glass Tube (Radiometer)

Il pH Probes pH GluI Electrode (Radiometer PHG 200)

Reference EledrOde (Radiometer KEF 201)

12 PJuIie Stirrina Rod (Radio....)

13 GluI Water laet (tee Flple 3.2)

14 GIuIlteadion Veuei (tee Figure 3.2)

15 Reactor Suppon (Radiometer)

•



3.4.2 ActiYity ofhe &nUe

The pH probes were caIibntcd UIina bu8'"a'I • pH 4 ad 7. U' the e8ideDcy wu

less tban 9ay., the probes were c_'" iD • utunaecI lOIutioD of PepsiD (American

Chemicals Ltd., Montreal) iD 0.1 M Ha for 1 b. A 0.33 M Urea (Americ:an CJMmicaI.

Ltd., Montreal) solution wu prepared and beld Il 25-c. Ditbiotbreitol (1 mM) wu aIJo

prepared and kept on iœ to prevent clesndation.

An usay wu coaducted by mixina 40 ml 0.33 M urea IOlutioa with 100 J&L 1 mM

dithiothreitol at 2S·C. The fiaal concentration ofditbiotbreitol in the reaetor wu 2.5 pM.

Dithiothreitol is • reduci"llSent tbat iDlubits enzyme aulomeration~ cIisuIphicie bonds

which often lads ta iDcoasistent Idivity melsurement. (LeDdd 1987). The pH wu

adjusted to 7.0 with 20-4 NaOK Ureue solution (20 ma/ml) wu added aad the titrator

was started. The volume of-ad addecl to maintain the pH set point of 7.0, wu recorded

at 1 sec intervals Cor 3 min. The acid addition rate ÏI the dope of the volume of ICid

added vs. tinte grapb. The slope wu calClllated usina the leut squares method with the

data obtained. For sample ca1cuJatiODS see Appendix A

The &cid used as the titntin& lient wu Hel. HCI wu selected bec-Ise it bu •

relatively small anion tbat. Il low concentrations, does DOt significantly d'ect the ureue

aetivity (Lencki 1987). A belaace must be struck between the amount ofenzyme addecl to

the reactor and the COoccntratiOD of the titrating 1àcI. Enzyme concentration sbouId be

high enough to provide a recordable adîvity. The làcI coaceatntion IbouId alto be biIh

enough that the dilution of the reaction solution ÏI DOt • &ctor, but not bisb enousb tbat

the system pH osciUatel wideIy. The control setrinp on the pH Ital were obtained

•

•

•

.1
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•

•

u

through trial and error and wiD vary u the Iàd or enzyme concentraâon is YIried. The

typica1 pH-stat settinp Ile lUIIIIIIIrized iD Tible 3.2.

Table 3.2: pH-5tat SeaiDp for Fne U....Operadoa

P.......eten SeUiaI

Autollunue

Speed S -20

Volume 1/10

Titrator

Proportional Band O.OS - 0.2

Delay Sec. pH- Ital

Reactor Volume 0.040 1

Urea Concentration 0.33M

Urease Concentration (ID ractor) 6.00 x 10" IlL

Ditbiothreitol CODCeIdIatioa 2.SOx IO"M

AcidUsed HCl

Acid Concentrltioll O.OIM

RunTame 3111Î1l



3.4.3 Adivity of"'CIplleJ.... ureue

The procedure for cIetaminiDI the lCtivity ofencIpsuleted ureue Ïllimil.r to the

procedure for he ureaIe. 10 beadI ... weiaJ-lllld pIaced into 41() ml 0.33 M urea

with 2.5 J,&M dithiotbreitol. et 2SO C ad pH 7.0. The ...y wu rua for la lIIin. to

compenSlte for the mua tranIfer of urea lIId die l'eICIÏOIl procIuctI Ùlto and out oC the

beads. Data poiDts were c:oUected al 1 leC intenaII UIÏD8 ID automatic data acquiIitîOft

program. After approximately 5 lIIin. die rate ofBa ldditioIl beclme liDear lIId the slope

could be calculated by Ieut lqUIIeI fittiDs ofaltrliabt Iiae tbrou&b the data points. USÎIII

the aetivity of the he ureue lOIutioD tbat wu encape,lated, the quandty of active

encapsulated urease couId be cIetermined. AlI usa,. were clone witbin 3 h of beId

preparation. See Appendix A for sample calculationl.

The supematant of the beId fol'lDÏDl solution wu tested for enzyme aetivity, if

any. This wu done to verity tbat DO urease Md cIiIùsed out of the badI durins

fonnulation.

•

•

•

•

3.5 Memb....e cutia••r alli-ate - ........ ""cII

3.5.1 Cbitosan membnaes

A cbitosan membnae wu applied to the aJsinate beads tG proteet the encapsulated

urease from deactivation by the proteue CI<hymotrypIiD. The cbitosan solution wu

prepared by dissolviDa 0.8 • ofcbitosm (Prooova, WMbinaton) iD 90 ml distiDed water.

200 J,.L1 glacial acetic acid (Baker'. Analyzed, Montreal) wu Idded to facilitate the

dissolution of the cbitosan. After the cbitoun wu fùIIy cIiIIolved, the IOlution wu



filtend UIina WJaetman N liter piper lad brauabt up to 100 ml Cor • &ail CODCeiIbatioa

of O."A wlv). The pH wu ldjuIted to 5.6 by dropwiIe additioD of 2oe~ (vlv) HaOR

(FISher Scientifi~ Montrel1), the precipUteI formed were cIiIIOIwd by mixi. witb •

magnetic 1tÏJTer. Wben DOt in \Ile. the chitOIIIllOlutioal were ltOred al 4-c for DOt more

than 3 days.

Low (CL 110), medham (CL 210), ad biP moJend·r weiPt cbitOIID (CL 310)

were provided by Pronova. The procedure used to maIœ the solution and COlt the

alginate beads wu the ume for aD tbree typa ofcbitosaD. A batcb ofaJainate beIds wu

addecl to SO ml cbito.... IOlution and lendy mixec! duriDa membrane formation UIÏnI •

magnetic stirrer' for 45 min al room tempcnture. Once coated, the beads were tiIterecl

using a SO J.UIl mesh, wasbed witb cIisIiIIed water, ad lUrtàce dried witb lâmwipa and

filter paper. The bads were tbeIl pIaced in ....weished. -.Jable sample boldera to

prevent furtber dehydration and sluinbae, tben weiped.

A chitosan solution wu Ibo prepared by mm. 0.4 8 low and 0.4 8 bip

molecular weight cbitosan in 90 ml disIiIIed water ad 200 1.&1 acetic Kiel. After &Itering

the solution, distilled water wu Idded to briDa the soIutioD volume 10 100 ml, for • final

concentration of O."" (wlv). The pH wu tben adjusted ta 5.6 witb 2Q1" (vlv) NaOK

The alginate beads were coated UIÎDI the ume methocI clescribed in section 3.5.1.

•

•

•
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3.5.2 PoIy-L-IyIine~

Poly-L-1yIiDe lOIuâoD WU illide by cIiIIolviaa 50 ma poIy-L-1yIine (S.... St.

Louis) in 100 ml cIisIiDed wat. for. &aaI C06Md'atÎOIl of 0.05% (wlv). The pH wu

adjusted to 7.0 with 2o-~ (vlv) NaOH.

A batcb of alsinate beIds wu Idded to 50 ml poIy-L-IysiDe IOIutiOD and pntly

mixed during membrane fbnnatiOll UIÎII8 • "'Ip"dc Itirrer for 10 lIIÛl al room

temperature. Once COIted. the bada were &Itered UIiaa • 50 JUIl ...... wuhed with

distilled water, and surface dried with kimwipes and filter peper. The beads were thm

placed in pre--weigbed, leaJabie sampIe bolders to prevellt fùrtber debydntion and

shrinkage, then weigbed.

Two types ofpoly-L-1yIiDe ofcWrerent moJep.1ar weisIU were used iD tbiJ work;

a low molecular weiPt poIy-L-1yIiDe (MW-2S 000) and • hisb molecular weiabt poly-L­

lysine (MW=114 700). Doth were prepared in the ume 1I1IIUM!r.

•

•

.".1*-.11111'" D

•

3.5.3 Poly(methyleœ co-guanidine) membranes

Poly(methylene co-guanidiDe) (Scientific Polymer ProcIucts, Ontario NY) wu

avaiIable at 35% in HzO lOIution. A 1% (vlv) solution wu obtaiDecl by mixin. 1.43 ml of

the 35% poly(methylene co-panidiDe) solution and 48.57 ml RaO,

A batch of bardened al8Ïnate beada wu Idded to 50 ml poly(methyIene co­

guanidine) solution and gentIy mixecI duriaa membrane formatioD usina • mapetie Itirrer

for 20 min et room temperUure. Once coated. tbe beada were fiItered UIÏD8 • 50 pm

mesb, wasbed with distiIled water. and lUI'fice dried with kimwipeI and filter paper. l'be



•

•

•

beads 'Nere tben pIaced ia .......... _'.Ne wnpIe boIden to pre..ent fùrdIw

dehydration and Ibrinkar. tbea weïped.

3.5.4 Poly(methylene co-auuid-) .. cbitoIan .........

Anotbcr metbod expIored to protect .-...,' ureae &om proteua WU to

double-coat the besdl. tint with a 0.1% (wlv) medinm mo'enal_ wei&bt cbitollll, and

then with a 1.0% (vlv) poly(mcdlyIeae co-II'MieUM) lOIutiOIl. ne prœedurea foIIowed

were the sune u for the indMcIual JDeIIIbnœI.

3.6 Prote.ue deacdvatio. or......

Coated and unc:oated alsiNte beads were exposed to tbree proteasea of varyina

molecular weigbts to determine the effaiveoeu of the cbitOllll membrane coati... A

0.5% (wlv) CL-chymotrypsin (Si.... St. Louis). 0.6,." (wlv) trypsiJl (Sisma, St. Louis).

or 2.00A, (wlv) protein •• Je (Sigma. St Louis) IOlutioa WU prepared. T_ pre-weisbed.

surface dried beads wcre added to 5 ml of the enzyme solution and mixed for la miIl on a

vortex mixer OD sbake mode. witb. tell tube Idaptor. After la lIIia. the IUpematant wu

removed using • vacuum upirator and the beads were iJlU!Ml!di'teIy usayed for aetMty u

desaibed in section 3.4.3.
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3.7 Bad .,op.,......
Coated and uncoated beIdI ........ lIId pIIced ia plllIic lIIDpIe

holden. The umpla were yopbilized UIÏDIa heze poiDt lyopIIiIa. (Lyph-Lock 6

Freeze Dry System. 1 Mcoaco, Ken•• City) Cor • II, lad rehydnted in O.OSM CaCIJ

solution for 3 II. The bada ... fiItered USÏDI a 50 ...... mail and eitber _yect Cor

activity (section 3.4.3) or exposed to 0.5% c:IlymoUJpIiD (SectioD 3.6.1).



• 4.0 U5I.!LII

4.1. U.....adiYItr

._te 25

•

•

The ldMty ofhe aad enr'r"'w" .... wu _ ..... ia ID .......... urea

solution at pH 7.0, ...... pH ltIt tianIar. 1'be ... lCIMty wu cIetermiaed by

measurina the rate of HCI ldditioIl ft Il Il lied to mejntajn tbe lOIuâOIl pH Il the IetpoÏDt

value of7.0 u sbowa ia FIpI'e 4.1. Table 4.1Il1o.. die lCIivitiea ofhe ur-. witbiA.

concentration ranae of 0.06 to LO mrlmL Aa CID be DOIed, me unue .aMty does DOt

change appreciably with conca'liatioD.. The avenae ldMty of he ureue wu 12.1

lU/mg al pH 7.0 and 2S·C ia .0.3 M urea lOIutioa.

Table 4.1: Urease Activity At Differeat Ureue CODceatntÎODS

Urease CoDe. Urease Activity
(mg/ml) (lUlmg)

0.06 79.8
0.10 85.8
0.34 85.8
0.54 86.0
0.70 83.0
1.00 79.3
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4.1.1. EfFedI of.a............tria .....................,

The conœms· in UIÙII ureue acaivity 10 determiDe yieIcl ofeDCIpIUIatioa are I11III

transfer etrects and pouibility of the matrix mataiaIJ iaterferiaa witb ureue ldMty

measurements. Monsbipouri (1991) reported tbat I11III tranIfer efIècts 0CCW'I'ÎII8 al the

interface were minimized by usina hisb mixer velocities. The laIDe conditions were used

in the produetion of the pis and the mua transCer efIècts witbin the lei wu "P'mec' 10

he the same ftom experiment to experiment To detamiae iftbe matrix materiaII iDterfae

concentrations and molecular weights, and co-panidiDe or alsiMte concentrations. AIl

experiments were condueted al pH 7.0 and 2S· C iD O.33M urea with 1 ms/ml W'ease.

Table 4.2 shows tbat tbere wu DO interfereaœ GD ureue lCtivity &om alpme.

Initially, higber alginate concentntiou resuIted iIllIIIIbdIy Iower ICtivity values. Thil

problem wu overcome by usina • bip mmna speed. The biaber alsïnate

concentrations resulted in more viscous solutions. limitiDg lCtivity through mus transfer

effects.

Table 4.2: Urease Activity At OiffereDt AlaiDate CODceDtratiOns

Alginate Urease Activity
(%) au/mg)
0.0 79.7
0.5 84.5
1.0 76.3
1.5 79.4
2.0 78.3
2.5 69.7,.. 79.3

-
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Cbitosaa alla cIid DOt ..... wida ureue lCâvity U lem iD table 4.3. CL 110

c:hitosan is alow mohn·ler weiIht and CL 210 .....• ..,-,".rweiIht cbitoua.

Table 4.3: U....AdiYity At DUre....CId....CODceDtntiO.

Chitosan
%
0.0

CbitosaD Type

Control

Urease Activity
lm

82.8
0.5
0.8
0.5
0.8

CL 110
CL 110
CL 210
CL 210

81.4
68.1
78.3
82.5

Poly-L-Iysine did DOt interfere with ureue Idivity U MeIl in table 4.4. The initial

• urease activity (224 lU/ma) iD Tabla 4.4 Md 4.5 ÏI clüFereat &om the initial ureue

aetivities shown in Tables 4.1, 4.2, 4.3 (.. 80 lU/ma) bec.... a MW UId fiab batch of

urease was used.

Table 4.4: Urease AdiYity At Differeat Poly-L-Lysiae CODceatntioDS

Poly-L-Lysine Poly-L-Lysine Type Urease Activity
(%) (lU/mg)

0.0 Control 217
O.OS MW 25000 215
0.12 MW 25000 215
O.OS MW 114700 217
0.12 MW 114700 218

•



•

•

•

......
Poly(metbyleae ~wtjcli") appean to dacûYate or iahibit ureue u .. in

Table 4.S. ApproximateJy 90% of the ureue ecIMty ÎI etimjnated in the preleace of co-

guanidine.

Table 4.5: Urase ActiYity At DifI'ereat Co-GuuicliDe CODceatntiODS

Co-Guanidine Urease Activity
(%) (lU/mg)

0..0 224
0.5 26..8
1.0 26..3
1.5 23.5

The protasa chymotrypIin. UypIÎll, and prat';"•• Je inlctivate ureue tbroush

hydrolytic action. The aetMty ofhe ureue durina proteue exposure is mown in Fipre

4.2. AlI proteases rapidly cIecreased ftee ureue 1CtMty. After 10 min exposure. 0.5%

cbymotrypsin, 2.0-" proteiDue K, and 0.67% trypsin reduced the ureue lCtMty to SO, 60,

and 2S% orthe iDitiai aetMty feII*Iively.



•
« ..

200 ----------------...

•

201510

TIIne (min)

5

110

110

140

;120
11

:

eo

40

20

O~---+----+---_+-----4

o

• Flgu.....2

Actlvlty lou of ureue exp08ed to O.S% chymotrrJ*n
(clrel..). 2.0% prote..... K (8q.....). Md 0.17%
trrJ*n (trt..gl..)

•



4.2.1. Poly(metlayleae CG-IUDidiae) ...bru. _ • barrier to daJID.""""
Co-guanidiDe membnDeI were app6ed to aJsiMte beads to protect the

encapsulated ureue from chymotryplin. Uncoated beada were used Il the control and the

active urease content wu DOm'.liud and essiped 100% aetivity. When the uncoated

beads were exposed to 0.5% chymotrypIÏD for 10 IDÏD, the residuallCtivity wu 1.8%.

Two different coatina conceatratiou were used to evaIuate the c:o-panidiDe

membrane. The activity orthe encapsuIated urease in the coated beads decreased with the

higher co-guaDidine concentration as seea in Fipre 4.3. Increuina the coatina

concentration fi'om 0.5 to 1.5% cIecreued the aetivity &am 83 to 5.4%. When the coated

4.2 Meab e coaled 1Iarrier..m,.•..."...

AlgiNte beada mat'i", apoled to cIlymoIrypIiD Cor 10 lIIÎIl to

detenDine ifthe pl wu able tG exclu'" the proteue~ Appto-imetely 91% of the lCIMty

wu lost, compared to beIda wbich bId DOt bem eapal. to c:IlymoUypsia. la _ e&brt to

increase the exdulioD of c:bymoIrypsiD, aJainate beada were coated with poIy(medlyIeœ

co-guanidine)1I poIy-L-1ysine, ad dIitoIaa ........... and the relative eflèctiveu oftbese

membranes in eJtdudiaa dlymouypIia wu evah'ated The lUpIIDItIDtS ofthe lOIutioaa

used to form cbitosanllld poIy-L-lysiDe membrane œated beada testeel œptive for ureue

aetivity indieati"l tbat tbere wu DO enzyme 1011 or Jeeklle durina formulation. Tbe

poly(methylene co-panidiDe) coati. solution Ibowed enzyme aetivity u described

below.

•

•

•
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beads were expoIeCI for 10 min tg 0.5% c:bymotIJPIÛl. the raidi... actMty wu 4.5 and

2.2% for the 0.5 and 1.5% coaânalcwla rapectiwIy

The coati. mcthocI wu !llC)dified by applyiaa 0.5% co-auan"'ine, dIIIl • leCODd

coat witb 1.5% CG-luanidiDe. The remItiDa actMty ia the coated beads wu 1.5%. and

when the beads were subsequentIy expoled to cbymotrypsin, tbere wu DO residua1

aetivity. Anotber mocIifiCifion to the coati. mcthocI wu clone by IIowly iDcreuiaa the

co-guanidiDe concentrlliOD froID 0.1% to 1..5%. ne objecdve wu to paduaIly qpIy the

membrane coat to proteet the ureue &om CG-I'aanidille cIeIctivaûoIl. The coated beads

contained no active UI'eUe. Testina for ureue Ktivity iD the COItinlsolutioll IUpematant

showed that there wu 1.4% active urease of the total initial utease. EarIi. it wu sbown

that co-guanidine Iowered he ureue lCtivity by Ipproximately ~" (see lection 4.1.1).

Using this ratio it appears tbat 14% ofthe ureue leabcI out ofthe beads duriDs coating.

4.2.2. Poly-l-Iysille .aab....e ... barrier tG cllyaaOtr)'plÜl

Poly-L-lysines (PLL) oftwo cIi1Fereat mo"''''' weisbU were used to coat alpwe

beads to protect the encap....ted ureue fiom cbymotrypsin. One PUr bad • moleeuJar

weigbt of 25,000 and the otber' • IDeM,nlar weiIbt of 114.700. ne biah molecular

weigbt PLL wu analyzed At tbree ditf.- Mltina Ievtù lIId the low moIecuIar weiIht

PLL at two, as sbown in Fipre 4.4. The active ureue coateIIt of uacoated beads wu

nonna1ized and usigned 100''' 1Ctivity. WbeIl the uocoated beads were exposecI for 10

min to 0.5% chymotrypsin. the ..ch••' lCtivity wu 0.9%.
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The biahat leve1 of chyaIaUypIiD exdulioo wu lÎWIl by the Iow moIead...

weigbt PIL. witb III avenp 12% aetMty,.".,;c. Hi&b !!IoPuler weiabt 'IL

provided an actmty reteaâoa 012%.

Increuina the 'IL CODCeIIInItÎOIl leveIa did DOt baw • sipificant efrect on

chymotrypsin exclulion u shown in Fapre 4.4. Low moIecuJar weisbt PLL applied At

O.OS and 0.120" coatinalevela resulted in 12.5% and 11.91" actmty reteation. For hip

molecular weigbt PU-. the 0.02, O.OS. aad 1.2% Q)lfÏnl leveIa rauIted in Idivity

retentions of 1.6tV-, 3.2Y., and 2.7% respecûvely.

The increue in cbymotrypsin excIusioD appcan to be determined by the coaûna

polymer molecuJar weigbt. PIL coati.. excIucIe cbymotrypsill more etrectively tban 1be

co-guanidine co-rinp and pu, cIoeI DOt dcactivate URUe.

4.2.3. Cbitosaa .e..brue _ • barrier to ctapaobJplùl

Three diffecent cbitosau of vuyina molecular weiPt were used to coat alsinate

beads to protect the encapp'iated urease trom chymoUypsin. The membranes were

classified as low (CL 110). intermediate (CL 210). lDd bi&h (CL 310) molecular weisbt.

Each were analyzed Il tbree ditfereat COIti.leveis. u Ibown in Yqp1I'e 4.5. The active

urease content ofuncoated bada WU aornuaIized and 1.lÎped 100''' aetivity. Wben the

uocoated beads were exposed to 0.5% cbymotrypIiD. the raidual activity wu 2.01".
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The hiF- c:b)mob)PlÏll exdl,1ion wu proWIed br the "'''+ijate moIecuIar

weigbt cbitosan. witb an awnp of48% .aivity ,... l'be Iow and hiab moIecuIar

weigbt chito.... bad Iower lCtivity retentioo of20 25%~.

lDcreuina die cbitoIIn coaw"ratÎOIl leveII cIid DOt bave • tipificant efFect on

chymotrypsin exc:lusion.. IntermMiete MW cbitOIIIl appIied li 0.4% reIUIted in 50.5%

aetivity retentioD, wbiIe 0.6 and 0.8% coatinalevell reUted iD 46.G-Ji nteatioa. For bip

MW clûtosan, the 0.4. 0.6 and O."Ji coatina levels reUted iDldivity retentions of26.~A.

24.8%, and 22.3% respectiveIy. The low moJea".r weiPt chitosan oft"ered hi""
protection 'g,iNt chymotrypsiD al 0.6% COltina concentration with 33.9D~ aetivity

retention. For cbitosan concentratioaI of 0.4 and O.ae/es the Idivity retentions were

19.4% and 5.6% respectiveIy.

As wu the eue witb the poIy-L-1ysine membranes. the difl"ereuce in aetivity

retention al dift"erent Ievell of membrane Mltina for • siveo molecular weigbt. wu DOt

very significant. It is the moIecu1ar weiabt of the membrane tbat appean to determine

chymotrypsin exclusion.

4.2.4. A DliDaft orlow ud ..... MW clait....... barrier to cIIJlDotrypsia

Chîtosan membranes were formed by combinins equaI unounts of bigb and low

molecular weigbt cbitolIIII. Tbe membranes were usecI to COlt aJainate beads to protect

the encapallated ureue hm cbymotJJpIiJL The membraaa were applied al 0.8 lad

1.5% cbitosan coati", 1eveIa. The.aiYe ureue content of uœcated beads wu

nonna1iœd and usiped looe~ 1Ctivity. WbeD the uacoated bads were exposecl for 10



min to 0.5% cbymotrypIia, tbe raidi... 8CIivity wu 2.2% • lem ÎD Fapre 4.6. Wbm the

beads with 0.8 and 1.5% cbitOllll metina leveI were ueated with chymotrypIin, the

residual aetivities wete 30.0% ad 32.2% reIpllCtiwIy.

The membnae made fiom the combinetiœ ofdie Iow and biah MW cIIitOIaIII is

more impermeable to cb,moUypIiD tbID the iDdividual cWtoeeM • but more pennelNe than

the intermediate MW cbitouD (See lICâon 4.2.3). ~ with the cbitouIl and Pu.

membranes, cbanaina die polymer coaceJt·.aioD cid IlOt RpifiQlltly .. the

chymotrypsin exclusion.

•

•

•
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4.%.!. UIÏIl _ cil".··~.......alNlrrler" cIa'a.lrt.....

A double wu fonDed GD eJaiœte beIdI ta protec:t the encapl"'eted

urease fi'om cbymotrypIÛL l'be fim coati,. wu iDtermecIiate !IIQIeQ"ar weiabt cbitOlall

at a concentration of 0.4%. The cbitoIaD coated beIdI were thea coated with 1% co­

guanidine. The purpose wu 10 protec:t the ureue fi'om CO-Illanidine deactivatioa usina

the cbitosan membrane. FoIIowina cbymotryptin CApQIUre, tbere wu DO residual ureue

activity indic,tjna tbat tbis combiDaIioIl of coati... cIid DOt o8èr any protectioD fiom

chymotrypsin.

•
._- •

•

•

4.2.6. LyopbiIiziD.~ coated ...... barrier CO clapa• ...,..ia
LyophiJizatÎon or ti'eeze cIryiaa, cIehydratea the beIdI CIl,.", them to sbrink.

reducing the pore 1ÏZe. As the beadI are rebydrated, tbey cio DOt repin tbeir initial

diameter (Keamey et al 1990), dus pores are efFective1y smaI1er' tbaa tbat of &esh beadI.

Coated and uncoated alginate bads containing ureue were lyophjUzed to proteet

the urease trom chymotrypsin. The acûve ureue content of fi'esh uncoated beadI wu

nonnalized and usigned loot" activity. Wbea cxposed for 10 min to 0.5% cbymotlypsin.

the residual activity wu 5.3%. The active ureue conteDt of the lyophUiHd and

rehydrated beada wu 23.S and 24.~" for tbe uacoated UId cbitoSUl coated beada

respective1y. Tbus it appean tbat approximately 76% of the activity is Iolt durina

lyopbjJjzatjon and rehydratioD.

When rehydrated uncoaaed beadI ... cxposed ta cbymotryplin, the residual

aetivity wu 71% of the lIOII-GpOIed COIdI'OIa. Wbm the cbitoIIn œated rebydrated



beads Mn expoled to cbymaUyptia. die fil-ch,.1 lICIMty WU 19% of die lIOIHAjIOIed

contrais. It Ippearl tbIt lynpIvuzed and ..,...... beIda ofFer ..... lewI orproIeCIÎOIl

nom cbymoUypsin expoaare.
•

.1

•

•

4.3. Cbitoua __bru. u • barrier te b'JpIIa ucI , ......... K

AJgiNte benda. coated with intermediate mgIec:e'ler weisbt cbitoIaD MN used to

evaluate the Mad'. K1Mty retention wbea upollld to chymotrypsiD. trypIin, lIId

proteinase K. Chymotrypsin and trypsin Mn each uaIyzed al IWo cIifIèrent conti..

levels and proteÎn , M K al one MIIânalevel, u lbowD iD Yqpue 4.7. Tbe active ureue

content of uncoated beads wu DOnMljzed and n."" 100% 1ICIMty. Wben the

uncoated beads were exposed for 10 min to 0.5% chymotrypsiD, the residulllCtMty wu

8.6%, 5.4% wbeD exposed to 0.61% UypIia. and 69~.4 wbeD exposed ta 2.0%

proteinase K-

At • COltina level of 0.4% cbitoua. exposureI to chymotrypsiD. trypsiD, lDd

proteinase K resulted in lCtMty reteDtiOD of 50.6, 44.4, and 75.3% respective1y. At.

0.8% chitosan coarina1evel, exposure to cbymotryptin remIted in. retentiOD of47.08.4 of

the urease aetivity and 43.2% foDowina trypIÎIl exposure.
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Tbere are approximetely 300 ...... cIiIonIen tIIIt reaaIt ia 88 Ib.eœe ofeenaiD

metabolic enzymes or iD aD enzyme lCIMty cIiIorder. ne probWna Iuoc:ilted witb tbeIe

disorden may bave le'Iere toxic eftèccI. One ....... ÏI pbeaylketewaria (PICU). TbiI

disorder is cbaracterized by a cIeficiency of the enzyme pbeayIaIuiae hydroxyllle (PAH),

which hydroxylates the amino lCÎd pbeByIaIuiDe to tyroIiDe. If tbiI coodition ÏI DOt

treated, pbcnyla1aDiae acc"""d..a ÏIl the bIoocl lad ............ de8ciencieI reUt

(Safos 1995). One of the treatments of this diIorder ÏI to IUpply the patient with a diet

low in phenylalanine. but tbeae diets U'e UIUIIIy nopa'.lble ad di8ic:ult ta monitor ad

implement, especla1Iy in YOWII people. ADotber treltment il to administer the deficient

enzyme, PAH, orally. One of the problema tbiI plie lent« il tbat the proteolytic enzymes

present in gastric juices deactivate the doIed enzyme. A way to overcome tbis problem is

to encapsulate the enzyme. Much work bu beeo cIoae iD the &eId of encapIUIation for

intestinal de1ivery ofdruSS (Bourget and Cbana 1985, Hari et al. 1996, Leusea et al. 1996,

Miyazaki et al. 1994), and the use of membranes for the retentiOD and protection of the

encapsulated species.

In the present study, difrerent membranes were evahaated for tbeir capIdty to

exclude a-cbymotrypsiD and other proteaseI &om aJaiDlte beada. The excIuIioa of

chymotrypsin wu quanti&ed by measurina the cIactivatioa of ureue wbicb wu

encapsu1ated in the alginate beada.

Alginate wu selected u the jnunobUiMtioa matrix beca'· it ia ODe of the lIIOIt

extensively used immobilization mediuma awiJlble (Voriop and Iaeia 1983). AJaiute bu
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been used to "'CIPI.,I.,. prot__ (Cbui and W.. 1997). proteiaa (EIciIll995, Polk et al.

1994, Shah et al. 1995, WbeatIey • al 1991). ........,.. (Ii..... et al. 1994). and

microbial cella (ICearMy 1990) to juil ..... few. The popuIIrity of"DIte ia mainIy

due to its eue ofua. dl abiIity to form pis by ioaic croD-linlri,. with clivaient c:aâoaI

such u calcium, and its mikl fOl""nl,'ÎOIl CODditiOllS. 0d8' eacapIUIation method. may

employ banb chemicll. lUCb u orpaic lOlveata. or banb C07-didona lUCb u~

temperatura tbat baw the potential to deIUoy tbe lâiYity of leDIÎÛVe proteiN. Alli'"

is also biocompatible and non-toxic, and UIed u • food additive ... tbickener. The main

disadvantage of alginate beads is tbeir Iow stabiJity iD the preleftCe of phosphates, citrates

or other substances tbat bave • bigh a8inity for Ca+2. A1ainate be8ds are Also destabilized

by non-gei-induCÎDI ions lUCh u biab cOficeutratiOU of sodium and IM8ft"Ï1JJD tbat

replace the calcium ions iD the lel matrix (Smidsrod and Skjak-Briek 1990). Scale-up of

bead production bu aIso been probJemtric due to the Iimitatioas of extrusion systems.

The emulsifieation 1 intemal plation technique off.. the poteatiaI for Iaqe acaIe

applications (poncelet et al. 1992).

Alginate beads bave been lWÛCe c:oated witb poIycatioaic polymen tUt form •

membrane, to prevent or slow the re1eue of cncapsuIaIed material (Husuet 1996, Hari et

al. 1996). Polyelectrolyte complexa .. formecl wbeIl an lllioaic lDd • e:ationic polymer

are simultaneously present in an aqueous solution. Alginate-cbitosaa is an example of the

complex formed by two oppositely c:barsed polymen. ~ electtostatic intenctiOD of

anionic carboxyllfOUPi of alsinate witb the c:atioaic amiae poupI of cbitollD aad the

resulting entanaIemeat of the polymen fonDI • lII'OD8 aad 8aibIe membrane (polk et al



1994). Poly-L-IyIiM WU .am Cound to ioniC'Uy iaIenM:t witb aJai"lte and il ..... to

prepare alBÏJIIte cœted mic:rocapIuIeI (Goal. et al. 1915).

The lCtÎYity of both he and .......eteeI ureue wu ...,.. UIÏDI the pH-"

teclmique, wbich bu ."enl .tvMtaps over otber acâvity uay procedurea (S".....

1951, van S1yke ad An:JûheId 1944). The pH-ital melboci coatroII die raction pH al the

set-point value (pH 7.0) by precise eckIitioa of 8CÏCI. ne rate ofac:id ldditioD over tilDe

and the ratio of lIIIIDODia procIuctioG to die lCid ldditÎOIl mte for the let-point pH

(Monsbipouri 1991) are UIed to detenaiDe the enzyme acâvity.

The traditional way of metlU'ÎD8 ureue lCtÎYity UIeI pbospbate bufIèc. Saunner

(1951) recognized tbat the bufIèc compoDeDts bave ID eftèct on the pH profiles and

kineties ofurease. Dixon et al. (1980) Ibowed tbat the phosphate moaoaniOD (IY'O.., is

a strons competitive iDbibitor of ureaIe. Ureue ....ys pcrformed in phosphate bufFen

give lower aetivities tbul the KtiYities detenniDed iD the absence ofbuft'er. The advantap

the pH-stat metbod bu ÎI tbat it does DOt need buWen to maintaiD • coastant pK Rather

it controls the reaction pH by direct Iddition of ICid or bue if the set-point pH is Above

the selfbuff'erina point (pH 1.8), of the urea system (Lenc:ki 1987). In tbis manner the

inhibitory eff'ects ofthe butTera on the enzyme readion are avoided. Anotber ldvaDtap is

that the assay is performed quiddy and reIiabIy.

Urease encapsuIated withiD uœoated aJaiMte beada leIVed • the control for tbis

study. The aetMty wu evU'lted. ftOI'I!Yllized, and 1'.peeI l00e~ acâvity. Mer. 10

min exposure to 0.5% a-cbymotryplin. the residual acâvity iD the uœoated beadI wu

approximately ~~. Chymotrypsin is • proteUe of molecular weiabt of 21,600 (Risbetti
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and Caravagio 1976). tbat~ ureue aad od8' proIeÏDI. Polit et II. (1994) lIId

Tanaka (1984) found tbat Iow molee"'" ..... proteiaa (MW - 65.000) hely diftiJ_

out of alginate bada. B· 0Il Palk'. and T.-b'. diftülÎOD ftncIinp ad that

chymotryplin ia mucb tbaD the proteiu ..... iD tbeir 1Iud'" il WU ....... tbat

chymouypsin woulcI be able to fi'ee1y cIifIùIe ÏIIIO the aI&i__ beIdI. The Ktivity drop in

uncoated beads after exposure to chymotrypsiD coafirmI tbat it is fi'ee1y cIiftbsina into the

alginate beads and deactivatina the ureaIe.

Tbe alginate beIdI were coated witb c:bitoIIn. poIy-L-lyIiae. lad poIy(metbyIeae

co-guanidine) memb..... iD ut efIbrt to beaer .etude c:hymotrypIiD. For the cbitoIaD

membranes, the chitolUl moIecuIar wei'" bId the ltroapIt eftèct GD cbymotrypIia

exclusion. Low and bip molec:ular weiabt cbitOllna iadMcIuaI1y. clid DOt exducte

chymouypsin u wen u wben the NIds ... coated witb • combiDatioD of the biah and

low molecular weight cbitOlUll. Polk et al. (1994) ob..-ved two treads concerDÏD8 the

molecuJar weigbts of cbitOIalL The &nt wu tbat Iower D'oler". weigbt chitosIIII

increased the permeability of the beIdI ud the leCOIId wu tbat • COmbinatiOD of Iow and

high molecular weisbt cbitosans provided • Iower peameability tban the indiviclual

chitoS8DS. It is probable tbat the Ionaer chaina of the hiaber moleC'd.r weigbt cbitoIul

fonn a better lattiœ aetwork. resuItina in • more uaiform membrIDe. whiIe the Iborter

chains of the lower moleC'd. weisbt chitoIaIl fil iD tbe ppI Id by the Joaaer dMiDl

Conning • thick. and Itronaer membrane. ÎIIIpRWÏIII cIlymoUyplÛl excluIioD. It wu

hypothesized tbat the combiDatioa oflowud hiab mo'''PII''r weisbt c:bÎtOIIftI wouId bave

greater penetration dO the beId for • tbick«. 1ttOD8tI'. aad more UDiCorm lDIIIIbrue. but
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This may be due to • ben.- c:bitogn...·.nete ioaic iDtencIioa by die iatenDediate

molecular weisbt cbitoIaa.

As wu the eue witb the cbitouD ............. die poIy-L-IyIiae mOlecul.r weiabt

bad the greatest implltt GD the cxduIioa of cbymotrypIia hm ..ai........ The

bighest exclusion of c:hymotrypaiD. witb 12% ldMty recention. wu obtajned by coati..

the beads with poly-L-lysine ofMW=25,000. The biaber molecular weiPt poly-L-1yIiDe

(MW = 114,000) bad • mucb ioWa' lCtivity retentioa der treI'ment witb cbymotrypsin.

This trend foUows tbat discnssed by 000.. et al. (1985) and Zou (1997). They observed

tbat higher molecular weisbt poly-L-lysine ........ iDcreued the penneability of the

beads. As is the eue with cbitOllD, the 10.. cbaiD leaItba of poIy-L-1ysiDe bave more

difticulty penetratins the aJaïnate pl matrix, wbicb relUIts iD • poorer poly-L-Iysine­

alginate ionic contact tban would occur with Iboner poIymer chain leaItba tbat can better

penetrate into the gel matrix. Ooosea reportIldIieviaa molecular weiPt eut-ofti in the

arder of 67,000 UIÎDI poly-L-lysiDe of MW = 17,000 and speod'ra tUt with • poIy.L­

lysine of MW = 4.000. even Iower eut~ff YIIua couId be lCbieved. A probable

explanation for the dift'ereoce in permeabilitiel of the cbitollD and poly-L-1yIiDe

membranes might be the difrerence in membrane tbidmel.. Zou'. fi..'1Cfinp indieated tbat

the chitosan membraneI ranpd hm 30 JUIl to 50 J.III1, wbiIe tbe poIy-L-Iysine membranes

ranSed from 3 J.UIl to 13 J.UIl. TIa&s the tbicket cbitosm membrane isleu permeable.



Poly(metbyIene co-anaaidiae) wu teIIed u • membnDe~ but die reUtI

showed no improvemeat ia proteetioa fiom cbymotrypIiD u compared tG the uacoated

beads. One of the reIIOIII for tbis Iow lCIMty reteaIioa mi&bt be tbat Il bi&b coati.

levels, the co-pmidiDe peDlbated inIo the beId aad deIdivated the ureue. WI.- he

urease wu exposed to cO-lnanidi.. the enzyme loIt over 90% of itIlC1Mty. At Iower

coatins 1eveJs. it seemI tbat CO-I..anidine diftÎIIiOIl iDto the bead wu IIower tbaIlll the

higher coati. leveI u evidenced by the .... retmrion of lCIMty al the Iower coatina

leve1 (Figure 4.3). but the reUtia& membrane wu IlOt able to ......_ cbymotrypIiD 80m

penetrating the bead and cIeactivatina the encapsuIated ureue. ID ID Iftempt to IIow the

diftùsion ofco-guanidiae ioto the alsinate beads Il Iow coati"llevell. the merina metbocl

wu modified. One modification consiced of formiDa • membrane 08 the beads • low

leve1 and then IDOtber membrane al hisb OOIû na level. Another modification wu to

s10wly increue the co-panidine coneen.ration &om 0.1% to 1.5%. The purpo_ wu to

gradually apply the membrane coat to protect the ureue ftom co-panidine delClivation.

A third modification wu clone by • 1% co-guanidine coatina on alsinate beads tbat had

been pre-coated witb cbitosan. Noue of the modifieatioaa otrend protection fi'om

chymotrypsin lDd in eue ofthe tbird modification. the co-panidine 1à'1111y increued the

permeability ofthe cbitOIIIl membrue.

LyophiliurioD ad rehydruioD of.MIe beads wu evalulted u • pouible way

ta protect the encapsadlted ureue fi'om chymotrypsin. The clehydration procesa causa

the beads to sbrink md resu1ts in • more compact structure witb • reduced pore 1Ïze.

Mer rehydratioD, the beads do IlOt sweII to tbeir iaitiaI dilmeter (ICeuney et al. 1990),
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thus pores are efIècIiveIy tbIIl tbat of UD-lyopIIiIized beIdI. AfW Iynphiliptjoa

and rehydratioD, the be8dI i'" about 25% Ktivity, before ...,oan to cbymotI)'PIÛL

Thus lyophilintion cIeac:Iivated 75% of the IIICIp,n"'ed ur-. pOllibly due to proteiD

denaturation. AItemItiveIy it III&)' be tbIt the .... aJaiute lIIItrix reduceI urea

diffusion, hinderina acce•• tG the 1CIive·1Îte ofureue.

The bat protection .piast chymoIrypsin deIctivIûoIl wu provided by the

rehydrated beads. The cbitOSID coated rebydnted beads ret'ined 1111IO. go-h of the

aetivity der exposure to chymotrypliD, compared to the rehydrated beads DOt exposed to

chymotrypsin. The uncoated beads ret.inecl 70% of their lCâvity 1ft« beiDa expoleCl to

chymotrypsin. Keamey et al. (1990) reported tbat alainate beads had • 250% increue in

mecbanica1 strenstb der Iyophjtiprion. The combinatioD of • ltrODIer and deaser

structure and smaUec pore lia clue to the cIecreue in bad di''''', coDtribute to the

improved exclusion ofcbymotrypsÎll &am IyophjJjzed and rebydrated allÏaate beads.

ChitoSID coated allÏnate beads were exposed to protee•• of ditf'erent molecuJar

weight to evaluate the exclusion capacity of the membrane. The tbree protases"

chymotrypsin, tryp_ and protein•• IC, were seIected beau. of tbeir ability to

hydrolyze ureue. Chymotrypsin bas • moIecuIar weiPt of 21,600 (Risbetti and

Caravaggio 1976), trypsiD 23,000 (Hohan 1964). and proteine·Ie 28,930 (laDy et al.

1986). The residual KIMty values for the coated lDd uncoated beads exposed to

chymotrypsin were .mi" to the VÜIeI for the beads exposed to trypIin. Thil may be

expected, due to the smaU cliflàeoce iD moIen'l.r wei&bt betweeD the two proteueI.

Based on the molecular wei&bt of proteine. Ie (MW - 28,930) it WU expected tbat the
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residual aetivity vaIuea der opoaare. wouIcI be ..... to dIOIe of cbJIDOIr)pIÏD lad

trypsin. However, the retained lCIivity der apoan to proteine. K ... ""'Olt 70%

c:ompared to unexpoted beadI. The Iow pan Ilbility of die '-da tG pmtei•• K .e

probably due to • hyclropbobic intendioIl betw.. the prog.. and die hydropbiIic

alginate, instad of. mo'ea"ar weiabt ...da.'" Cbarae eIèctI .... ualikely liDce

the isoelectric points ofthe tIne proteaIeI are ......

In sumnwy the bat exdusioD of cbymotrypaia (MW =- 21,600) &am aJajnate

beads wu provided by lyophjtizatjOllIlld reb.ydntiOD orthe bead .. witb .~.4 encapsuIated

urease activity reteDtion for cbitosan coated beads. compared witb rebydrated beadI DOt

exposed to chymotrypsin, lDd 7()8~ lCIivity relention for uacoated beadI.

Chïtosan and poly...L-lysïne membrane mari.., of alsiDate beadI oftènd SO and

12% activity retention respectiveIy, der tratmeat with cbymotrypIiD. Poly(metbylene

co-guanidine) membl'lDeS did IlOt provide~ exclusioD.

•

•

•

a,*,:s Dle=ri= •



6.0~

EDcap",ledon of proteiDI widIiD pla. for tbe trM' of lIIItaboIic

enzyme cIiIon*s bu reciewMI ,... ioa. A cira of eDCIp'·ledon

matrix ÎI tbat il bu • wide pen Iize cIiIIriIJutiaD lIId .,.,..1"" pratIÏDI may be

deactivated by proteolytic enzymes preleat ÎD psIric juiceI, tbat diftb. iato the beId.

One of these proteolytic enzyma il cx-cbymotrypliD (MW - 21,6(0). In tbiJ study

differeot membranea WIn evû.ated for' tbeir CIpKity to arhaeJeCl~ ad

other proteuel &om alsinete beIdI. ne adutioa of c:bymotrypIiD wu quanûfted by

measwing the deacIivaûoD of eDCIpII·l.... ureue. 1be lCdvity of botb he and

encapsulated ureue wu uuyed UIÏD8 the pH-1lat tedmique, wbicb controIa the reactioa

pH by direct addiûOD of lCicL ne ldvantIae of UIÏD8 tbiI teelmique il tbat it doeI DOt

involve the Ille of phosphate bufIèn. tbat bave iDbibitory eftèCII on the enzyme reacâoa

and lower the enzyme'llCtivity.

The lowest level ofureue deacIivaûoD by c:bymotrypIÏD wu siveD by lyophi1izinS

and rehydrating the beIdI. 8y Iyophjlizina ..pate beIdI containina ureue, the lCdvity

retentioD der exposure to chymotrypsin. wu inc:reued fiom 2 to 70'''. By MId. the

beads with • cbitosan membrane prior to lyophiliZlrioa, the lCtivity retentioa wu raised to

90010. The problem lWOCiated with lyophilizatioD is tbat the eacapsuJated ureue iDitiaIIy

looses about 75% ofitllCtivity, but tbiI may he improved by lDOCIifyiaa the enc:apsuIatiOD

and lyopbjljutioD metbodI.

As an aI1emative way to cxcIude cb.ymotrypIÏIl fi'om aJainate beed, cbitoun. poly­

L-Iysine, and poIy(methylene co-S'wùcline) membraDe metinp were applied. The hipat
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leve1 of cbymotryplin exdulioD ... provided by ïntea..w4" JMIece"v weiabt chitoIaD

with approxima1e1y SO% lCtivity retentÎOIL A combiaadoD of biab ad Iow moIen,lar

weigbt cbito..... provided ]0% lCIMty nit"" Bnd, coated with poIy-L-lyIiae oaly

provided l~~ lCtivity J'!IeDIim der apoan to cbymotrypIiD. Bnd , were alla coated

with co-guanidine lIIeIDbraœI, but foIIoWÜII chymoUypsia apoeure tbere wu DO reliclual

urease aetivity, iDdic:atiDa tbat c:G-8'..nidi.. did DOt proWIe protectioD &am chymotrypIÏIl.

Gastric tluids CODtaÏD maay proteuea tIIIl cali afI'ec:t die lCtivity of eacapadated

proteins. The etfects of two otber prot..., trypIÏD ad proteinue K in addition to

chymotrypsin, were evaIuatecL CbitOllUl coated alainate beads were expoted to

trypsinresulting in 44.4% ureue aetivity retenIion, simjJar to tbat obtaiDed trom

chymotrypsin (SO-~). 80th protee'. baw rousb1Y the ume moleculv weisJtt,

chymotrypsin 21,600 and trypIÏD 23,000. The exposure of cbitosan coated beads to

proteinase K (MW :E 21,930) readted in 75% lCtivity retention. Increued exclusion of

proteinase K may be due to the ....molecul·r weïpt.
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8.0~

AppeadmA

Sample c;aJq,tI,tjog orbe ym.1Ctjyjty;

Ureue lCtivity ma.".... al pH 7.0 ... 25-C wu coaducced u fbIIowI:

Urease dilution coDCCDUatioD =: 400 mw1

Amountadded=: 1.0x 10-1 (

Weight ofurease added =- 1.0 x 10". x 400 m&'J = 0.040 ma

Reactor volume =: 40 x 10-3 1

Urea concentration =- 0.33 M

Acid concentration =: 0.01 M

Acid addition rate =: 4.15 x 10" llmin

d(H+]/dt = (4.15%10-'11 min) (0.01 lIIOI/1) =4.1S%10~1fIOI/ min

Rate ofammonia production:

Urease aetivity:

.. .. .!1NHJ)/dt 9.3klO~"'min 234 10-4--'/ .•
nCtivity = = 0040 % ,.,. DUn .g"'g e~ . ,.,

1 ru = 10-4 mol/min ammonia produœd al pH 7.0 and 2'·C.

Urease lâivity =: 234 IU/ma

•



Sample caletlatjon ofrmen"'" ",.".1Gâyjty:

Ureue lCtivity rneuJremeut al pH 7.0 and 25ec wu conducted u rollows:•
Ci.,.,...

Initia1 ureue encapsuIaIed - 5.044 ma

Beads produced == 0.7573.,.

10 beads ~ 0.0603 If

Reactor volume == 40 X 10-3 1

Ure. concentration == 0.33 M

Acid concentration == 0.01 M

Acid addition rate == 1.498 x 10·) llmin

v4Jp." •

•

•

d(Jr]/dt = (1498%1O-J11min) (0.01 lIIOI11) = 1498%10-'lIIOI1 min

Rate ofammonia producâoIl:

Active Urease:

_ ~/dt _ 338%10-slllOllmin _
mg active 1ITeQ.W- ~ •• -2"'''' 10~--'1 .• -0.14s.gJ'...... ",.,.. acliVlty ...P9% mut lIWl IIIg

J;"---./Qt;0II . Id (0.7573' --) (0.145fJ1g ."...)
~-.,--' Yle = (0.0603, __) (5.044,. 1IIWUe) =0.36


