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ABSTRACT: Baker's yeast invertase is romobilized in PVA-slginste. matriz usize an inproved
method. PVA beads were prepared by sdding calcivm alzinate to iraprove its stability, machanirsl
sed chemical propertiss. Bovic acid was wsed a5 fhe cross-Hoking agenr and sdditions] chemicais
comsisting of 10%6 boric acid and sadium sulphate sobhwtion was wsed as & iesrment solution o
barden the PVA-alginare beads, The determination of the effective diffesion of PVA-alzinate
msirix is the vital step in optimirivg the preparation of fmucbilized and weter-soluble biocatalyst.
In this study the tae-level full famorial desige was wsed to investizate the effect of PVA and boric
exid concertrations on diffusion cosfficient. Diffnsion coefficient (1)) is one of the factors that
sigmificantly sffect the mass transport within the immobitization mami, D, value varies for eack
concemiraiios of PVA and boric acid. The resnlt concinded thet bodh factors sigpificantly effect
e}, A maximum D, valne of 5.0i41 x 10% co’s” was obuized &t boric acid and PVA
concentration of Fwiv and B0 Swiv respectively.

Eepwords: PVE. Immobilization, Effecrive Diffizion cogfficien, Imvertase.

1. INTRODUCTION

Biocatalyst has found smmevous applications in indusivial domain and i has become
seputable ever since. The use of immobilization matrix 1o entrap biecatalyst has proven to be
econonzical as it offers rensability over a period of time plus simplifying the downsiresm
processing, Wumerous types of polysaccharides or polymer has been employed in cell or
encyme immobilization and i this experiment, Poly vinyl slcobol (FVA) was nsed.

PVA was infroduced a5 an immobilization matrix about 10 years ago. It is a polymer of
Zreat fnterest dus to its desisble characteristics specifically for varions pharmaceutical and
biomedical applications [1}. PVA offers vadous advantages over the comventional alginate
hydrogels including lower cost, kigher durability and chemical stability, and non-tewicity to
viable cells {2].

Moreover, their non-toxic, non-cryogenic and bicadhesive characteristics as well as their
associated ease of processing erzft them into an exceptional biomaterial. PVA has 2 simple
chemical structure and modifications are made possible by simple chemical reactions.
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Furthermove, PVA gels exlubit a high degree of swelling in water {or any biclogical fluids)
and posses subbery and slastic natere [1]. The elasticity of FVA beads provide them with a
betier mechanical strenpth compared fo the britile algmate beads. Besides, FVA beads were
very stable over the pH range 1-13, while alginate beads were relatively stable only in the pH
range 6-9. A weight loss of wp 10 20 and 24% were encountered at Jow and high pH,
respectively, for the alginate beads [2}.

The transport and comsumption of subshates aevoss the beads from the bulk solution
control the behavior of many biological systems. It can be conceptualized as the diffusion of
small particies in 2 material contaiving pmltiple reactive taps or sinks within an inent
contmuous phase [3}1.Moleculsr cosfficient or molacular fransport can be defined as the
transfer of individual molecules fhromsh 2 Bunid by means of the random individoat
movements of ihe molerules. Maolecular diffusion i also knows 35 a rndams-walk process as
fhe molerules travel in a random path.

The measurement of effective diffimivitias (D) for substrate and metabohic products
within zel matrices in fhe form of beads or large membianes has bean reported. The effeciive
diffusion coeffirient (D} of the substrate molecules within the zel matrives must be known
for optimizing the preparation condition of mmobilized and m order to characterize them by
their kinefical behavior [4].

There were many mmmobilization methods pablished by previous researchers wsing PVA-
alzmate but the method could oot be applied becanse the chemicals and acids that are mot
suitable for enzymes and also the beads dissolved in water-based solution [2, 5, 6]. To solve
this problem, an nnovative method has been developed using chemicals that are cwitable £or
enzyimnes, In thic smdy, ap innovative method was developed 1o irmobilize yeast imvensse to
compensate fhe faiture of previonsly pablisbed miethods when used for this purpose. The PVA.

J-—"-;a-—-‘—l—- R e e ———— }.‘m-«o‘i—— B R ;..I‘EJ.-... Camp w® a mm?
alginate beads preparation wers modified by using treatment solution of 109 boric acid and
sodinm sulphate solution. By using these additional trestment chemicals, the FYA-alzinate
beads remair msoluble in water and other water-based solution.

In this study, invertase was immwobilized 1 PVA-alginaie matriz using a novel mathod
insofar of the freatment method using sodinn sulphate. Invertase hydrolyzes sucrose ints two
diffarent, much more stable sugars whick are glucose and fructose. The measurement of
shicose concentration is vead to caloulats the effusion of the solution from the beads. The
beads were first equitibrated in 10% sucrose solution (wiv),

Sucrose, commonly known as table sugar, s a disaccharide compesed of an alpha-D-
ghurose molecule and a betz-D-fructose molecnie imked by an alpha-1.4-glyeosidic bond.
When this bond is cleaved in a hydrolysis reaction, an equimplsr mixture of giucose and
fructose is genersted. Sucrose can be hydrolyzed in fhe presence of invertase or wucrose.
Invertaze officially known 2 betz-Fmctofiaranosidase (EC3.2.1.26} which implies that the
reaction catalyzed by this enzyme s the hydrofysis of the terminal nos-reducing §-
fructoforanoside restdues m B-fuctoferanosides,

2. THEORETICAL BACKGROUKD

External diffusion is caused by an unstitved Wemst layer which thickness depends oz the -
elative velocity of the beads to the bulk solution. Diffusion of moleculss in a ball shaped
beads with tadins R can be appropriately modeled by the expression:
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Thus by plotting the graph Wn{(C, —C_ 3T, — )] versus time, the diffusion cosfficient D,
comtld be obtained.

The effision process for the spherical beads can be dividad into 4 dsfferent stages. Basad
on Fig 1, at the beginning of the experiment {Fig 1z, ¢ =87, the whole substrate is within the
‘beads, thas the concentrafion *¢ 7 in the bulk solution is zero {¢=0). At time “¢*, (Fizg 1 b,
c=¢, ) the mbstrate concentration within the bulk solution inereases a5 the yesult of
subsirate diffusion from the beads. When *t 7 reachese, 1/t =00 =r.) the substrate
concengration m both phases it at equilibrivos (Fig 1c).

Fiz. 1: Scheme for cubstrate affusion from ball-shaped mmmobilized cells nto the sunoumding
solution.

If the substrate conrentration in the bulk solufion is meaxured by the slecinic conductivity
"G then 2 hypothetically complefe diffosion of the substrate out of the beads (Fiz. 1d) can be
expreszed by “Go” (=ey )} whereas for 1 — &, G i5 obtained. Taking this into account, fhe c-
values in Eg. (1) can be replaced with eonductivity values (or any other measured quankiy,
being equivalent to "¢’): ep =Gy, o= Gy -G and eu = Gy - G, Substitmtion into Eq. {1} yislds:

G -5 5Dh»r,
= . =R—1*é-mr {3

n

3. MATERIAL AND METHOD
3.1 Materials

Bakers yeast Invertase (b-fructofinannsidzse, EC 3.2.1.28) and sucrose prade W, practical
graadla were purchased from Sizma-Aldvich Co, 5t Louis, Mo, USA. Polyvinylalkohol 72000

for zynthesis and borie aeid fiw analysis were purchased from Merck Schuchardt OHG,
Danmstadt, Germany, sodinm alpinate from Fhuka Chemie GmbE, Buchs.Sodivm muiphate
was purchased from GCE Laboratory Chemicals and caleium chionide from BE&dd Marketing,
Essex, UK.
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3.7 Experimental desizn

By using factorial design, the coacentration of PVA and beric acid were wvaned
simultaneously while the sodium slgimate and caleiwm chioride concentrafion were
pizintamed. Borie acid conrentration was also varied to find the optemum concentration m
solidifying PVA. Table 1 dapicts how the concentration of PVA and borie acid was varied for
each run.

3.2 Immebiliration of iuvertase

Invertase {10mi, 5% wiv) was mixed with 90 ml of PVA (10.5% and 12% wiv) sodivm
alginate (1% w#Y) solubon. The mixed solution was then dropped into a mived solution of
100m] boric acid (5% amd % wiv) md calcinm chloride (2% wiv) nsing a syrimge o form
beads and stired for 30 to 50 minutes. The beads were stored at 4°C for 24 hows, Afier 24
hours, the bends were stimed in 10% boric actd solution for 30 minutes and were trexted with
sadinm sulphate sobution for anofher half an honr. Then the beads were kept at 4°C for further
mse. This technigne was performed in sterile conditions, The concentration of PVA and boric
acid used can be viewed in table 1.

Table 1: The Boric Acid Aund PVA Concentration For Bach Kun OF Experimeant

Experiment no Boric acid P& concentration,
conceniration, wiv wiv
1 5.00 2.0
2 7.00 1240
3 T.00 s
4 5.00 0.5
3.3 Analyticsl methods

5 g of i heads ave equilibrated for 4 b in 50 mi of 10% suerose solution (w/v) and then
" transferred into 50wl of sterile distilled water. After 50 min, sampling was done (1 ml) every
2 b interval to determine the amount of subsirate effinsed from the beads mto the bulk
solution. Biochemistry analyzer Y51 2700 was used to datermine the glucose concentration.
The amount of sucrose is equal to the diffevence 4E of the extinction values E, , and E‘ for
fhe blank, The AE values are substituted into equation {3).

4. RESULT AND DISCUSSION

Previously, the immobilization method was applied to entrap Lacrobacillus delbrusckif
ATCC 9649 znd the diffusion coefficient of the PVA-alzinate bead waz determined
compazed to the very common immobilization matrix which is caleium alginate [7]. While in
this ztudy, the method te immobilize the imvertazse was camied out using the very zame
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tachmique but In varions conesntrations of PYVA and boric acid. PVA was vased because # is
the main material m the mobilization matnx It i non-toxic, nm-cryogenmic and
bicadhesive chamcteristics as well as their associated ease of processing.  alse exhibits =
high degres of rwelling in water {or biclogical fluids) and s rubbery and elastic nature [8].

PVA 15 hughly hydrophilic. It must be coosstinked either chemically or physically to make
it berome hydrophobie, PVA 5 uwsmually chemically ovosslinked wath difentional
ghataraldehyde in the presence of sulfuric acid, acehic acid or methano] But, these chenvical
are toxic and can not be used in medical or pharmacentical applications. In this stwdy, boric
acid 15 used fo crosshink the FVA. Due to this scenario, in this experiment the cousentration
of borie aeid has besn varied fo investigate the effect of chanping the concentration of the
crosz-linking agent to IV .

By using the method proposed by Granwald er ol {1997) [4], the effective diffusion
coefficient for various comcentration of PWi-algmate beads immobilizing Baker’s yeast
ivertase bave been detenmined. In figure I and fismwe 3 the results procented weme
determined by measuring the glucose concentration effused from the various conrentrzfion of
PVA-alginate beads immobilized imvertase. AE_ could be determined straight from the
ordinate intercept by the extinction difference AE, versus the reciprocal effusion fime plot.
The effsctive diffusion coefficient, D), can be calculated from the slope of fhe linear
relationship between !n{{g:i —c,}f{r:o -c‘,_}} and the effusion fime “£7.

Sucrose, known as small molecules diffosed nfo the spherical beads. Then, after the
bezds were transferred into the distiled water, the glocess and froctose start to diffose into
the bolk solution. The determination of effective diffusion coefficient of the beads is based on
glucose cmmwﬁaﬁmwhkhin?mwmdewm&usﬁ%ﬁimhmmgx_ YSI 2700,
The D, for each run from ron I fo ron 4 ru}:\ecﬁveiyare 3.0923 x 107 emrs, 39701 x 10%
e’ 5.0041 x 107 e’V and 4.7004 x 10 e

=L -8 ] Ring
PR+ TISH yeTH TR0
+,
" 3 Fn Patd
. Fa-SANS LIy JefEer KU
&4
!‘&- aRant
MR
n
R
3 HRpek
® - oow  ooM  gwr  oma  am
T S

Fig 2: Plot of AE versus reciprocal effusion fime from the experiments with imrertase
mmobilized in PV A-alginate matrix
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Fig 3: An evalnation of experimental data from fg 3, D; could be caleulated from the
slope. The mean diameter of the beads wasz 0.3 em

Table 2 presents the owput fom Mmitsb for the least squares regression models for
enzvine activity data. The regression equation that models the relationship between variablas
was also presented The table also presents the value of p oF the t-test for sach coeffrient in
the resvession modsl. Based on the regression analysis, both PVA and bosic acid
concenfration acé: as significant factors that affect I, as the p value for both factors ae Iess
than 3%. The regression equation that relstes the varable: is De = 93] + 0.435 Boric acid
Concentration - 0.701 PVA concenirstion.

From the regression eguation, it is clesr that the I, i proportional to borie acid
cencentraticm and mvm&y pmpct!mal to FVA mﬁm’l’hﬁ cm:mmm lmphﬁ

wmm&mmzpmmmmmmgmm,awm With 2 lower
PVA concentration, more subsfrafe can be ctored by the beads, Moreover, 2z move substrate
is stored inside the beads, the fagacity of the substizte ncreases and this would drive the
subsizate to diffuse at z pwch higher rate o the bulk solution.

This observation implies that beads with lower density of PVA would allow substrate to
diffuse 3t a much faster rate to the bulk solution hence 7 higher D, I 35 zico cloar that I, is
propertional to the concentration of bonc acid wsed. This cireuwmstance tmplies that the
concentration of baoric acid would improve the beads quality in terms of substrate diffesivity
@rough fhe pore of the beads. Table 3 contains the mumerical ssfimater of fhe regression
coeffictents. The coefficient of defermination {R-sq) iz 29.9% which ensured a satizfactory
wodel. Tn addition, the value of 67 was alio presented. The ¢able chows that the estimate of 0
for the D, values which iz equal to 0.00176.

Table 2: T-Value And P-Value For The Multiple Regression Models

Pradictor Couf SE Coel t P
Constant gavid 23383 2743 o023
Boric acid

Conceniration c.a3457 0.02007 .72 o631
U -B.70437 0.02797 2508 o028
conceniration
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Table 3: ANOVA For Muliiple Repression Model

Securce DF 3 Ms F P
Regression 2 186327 093164 52940 0.031
Residuat error 1 0.60176 0.0D176
Totai 3 1.86503

S=004195 R-Sg=99.9% R-Sqladj)=959.7%, 55, sum of squares; DF, degree of
freedom; MS, Mean square,

5. CONCLUSION

Immohihization of invertase Bakers'a weast was done by using an imnovative method
wing PVA-alginate matix. By the deterreination of glucose concentration, it is known that
the PV A-alpinate beads allow molecules such as surrose, glucose and froctose diffised from
the bezds and beads with different PVA and bomc acid concentration would allow these
molecules to diffisse at different rate, The constant of proportionalify, ie the D, couid be
directly determined from the plot after the substrate effusion from the beads was measured.
Beads with lower PVA and higher boric acid concentration would pive 2 higher D; thus a
betier rate of diffusion of sibstrate to fhe bolk solution.
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