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obtained from barley and development of high value
agricultural processing products by improvement of
structural functionality on barley based processing
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» mTGase AT A4z 243 A2} €492 soluble starch 50 g/L, 3

-abg ol whE wAEe] dat Ha AR 330 rpozbA] W=

4412 proteose peptone 20 g/L, 1% NaH;PO4 - 2H:0 1 g/L, MgS0s 1 g/L, yeast

extract 2 g/L, PPG 0.5 g/Lo]git}).

H 57182 Stel whd datdsol vlS YA A nlGase Pit& 2

A)gt, 330 rpn ol 4te] WAL EAE I Aol ol3] n]AEL) Hz
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Aol #3ldt d%E e ATE vehidoh ST 330 rpn 3EA] AEN
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uls] ek 1.4n) Z713 0.96 U/nLe g vbelytcl,

Sekaa Aol 2 USEHEEY A3t nlase 23 PA2ALE L& 30.6T,
pH 6.50]glon, 238 REPAlo] o8] HTAEHL 1.28 U/nLLE o EEslc).
23 R EEEN Aol AAY HF pH of oA BENSIE o] &3}
of HE4 ugE U A3 B4 YL 0.96 U/nlE VERAgICH
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Summary of process development leading to enhanced production of

mTGase by Streptovertcillium mabalense

Cell conc, | mTGase
Remarks Exp. Conditions
(g/L) (U/umL)
Effect of agitation .
. liquid stock, pH 7.0, 330 rpm, 1
20.6 0.69 |speed by basic .
vvm, 30C, 5% inoculum
production medium
liquid stock, pH 7.0, 400 rpm
Effect of pH control
for the first 18 hr and turn to
11.8 0.32 |by basic production .
. - {330 rpm, 1 vvm, 30TC, b5%
medium
inoculum
liquid stock, pH 7.0, 330 rpm, 1
Impeller effect by .
vvm, 30°C, 5% inoculum, rushton
20.5 0.69 |basic production .
turbin impeller
medium
(Di/T=0.59)
liquid stock, pH 7.0, 330 rpm, 1
. 0.96 Optimized productionjvvm, 30C, 5% inoculum, rushton
' medium turbin impeller
(D;/T=0.59)
. . liquid stock, pH 6.5, 330 rpm, 1
optimized production
vvm, 30.6C, 5% inoculum,
12 0.96 |medium by using RSM .
rushton turbin impeller
result
(DI/T:0.59)
Effect of agitation spare stock, 330 rpm, 1 vvm, 5%
14 1.96 |speed by optimized inoculum, rushton turbin
production medium impeller{D;/T=0, 59)
Fed-batch culture by
spore stock, 330 rpm, 1 vvm,
12,4 2.16 lproteose peptone .
. 30°C, continuously feeding
feeding
DO control{20%) by
15 2 14 using on-line spore stock, pH 7.0, 330-430
' computer-controlled rpm, 1-4 vvm, 5% inoculum
fermentation system
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- mlGase #3A Whg 27 ¥l %7} 10 mg/mL¢l mTGased T}F3l 7|3 %
(5~100 mM)ofj A REGAIZE wl 40uMe] HelolA 7]A =9t Wlelste] nlGase
o] Vo7t %7talen], Hanes-Wolf plotA]of &3} Vmax2} Kmghe 0.602 uM/min, 34,20
mMeiTh.

- mTCase?] 2t & &L 60TCoA] 1.00 unit/min® HoiZke vElAOoL], A&
Fgol A} L= 40Tol3kE LT

- PM30 W YM30R}-Z o]&3lo] 0.1% mwlGase -2o4-& vl Haj3gle wf w3l ¢lado)
15psiol A fluxz} #ei2 &4=olom, polysulfone AAe] Hll PM30o] 2449
W30(cellulosic type)a}Hrt A Ueldich  waby  dGEieeat whew
polysul fone AA 2] o] AP},

« Streptoverticillium mobaraense?] 2x} Tt{A}Ar&E¢Ql microbial transglutaminase
(nTGase)2] th el @AAA LS $1514 0L UEE o} flaskold] wjorgl
FANE 2pzh JAEE ¥ AA $EE vl WERN dojd zF A
ool A HE(2.24 unit/ml)E flask v H A% (0.75 unit/ml)R} ok
uf o] wotom, wEHE F9E FHaAsEel npIUAE dax wgy
(0.22 U/mg)o] flask uj9Fe}(0.13 U/mg) BT} & QIrh WEZo|A i njorey
o| flask wjeFdo] W3] Ha: = W HBYET}F on, o]t nlGased] tizAd

A 7Hs7d& AlAbstalch

.

Lab-scale %3 3r]ojz}24 2 TFF(Tangential flow filtration)¥Ale] FtA

ghd

Z}#F(Molecular weight cut-off, MWCO) 100K ¥rejodzputz} 30K 3teozjubg o)
&stgem, 100K grejoizteto g 12} Ha|sha Bejd ofzhe)d 30K 3reof2put
23 &3 2utA ooinl FHOT SHE QL. MICO 100K §ejoizbato) 2



3t Bl 82 56% 4208 UE}On, MICO 30K 3teojzluto ] w&H FA
HEA 1.20(28] 53%) unit/mlo]A] 1.48(5%) %) unit/mlE Z7}staict.
Scale-up 7bg-d& Hsl7] 913 30 L HEZE wjofdg A4 L ou]o{=4(0.7
um) F pore size 0.3 pm nA S o] L3l ZFAN 10 LE flow rate
0.75 L/min® % #2|% A3} fluxs 775 L/nf/hro)dtt, & TMP(Pin 4, Pout
0)zZo)A pilot-scale TFF(Tangential flow filtration) ¥ 4lol MWCO 30K 3%
Soitatg o] &sle] FE W & Az, ZEAY 5 LE 5| w&sle A
A2k 0.55 hr, 10¥] s&shed] A3 AJ7H2 1 hr o]glch

B fluxs A-2(24C)olA 41.4 L/nit/he, A-2(14C)olA 72.4 L/ni/hrE &3
Hol, W2 27} ulGase #8] &S oy HAL Ao eyl &4
29 B EE %3F8](volumetric concentration rate, VCR)7} sold2
2.57(2VCR)ollA} 5.52(5VCR) unit/ml, 0.26(2VCR)olA] 0.33(5VCR) U/mg protein®
F718lem, o]& lab-scale gre]oizt FFol wls] L3 Azjgict

olde] Azt A nmiModbueh(1.7 pm, 0.3 pm)?] couple system?} 30K §helo]
HahE Aoz o BHIMA] A4 i gl Hee ¥y
= ok ER ol E Hibe T MY A Aigrg, Edgy e
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SUMMARY

Title of Research

Application of vital function-regulatory substance obtained from barley and
development of high value agricultural processing products by improvement of

structural functionality on barley based processing foods,

Optimized process development for microbial enzyme fermentation
to improve the structural functionality on barley based processing

foods

For optimized process development and improvement for microbial
transglutaminase(mTGase) fermentation, lots of sets of experiments have been
carried out in both shake and bench-scale cultures of Streptoverticillium
mobaraense, Improvements in the fermentation processes involved determination
of optimum inoculum size, seed and production media development, modification
of fermentation parameters such as agitation speeds, aeration rates pH, and
temperature, and introduction of fed-batch bioprocess.

The medium of mTGase production from S. mobaraense was optimized in shake
flasks using statistical experimental design approach. Latin-square technique
for the optimization of the production medium was used to identify the cell
growth and the mTGase production. By combining this technique with the
classical method, the essential medium components were determined and the
composition quantified in shake flasks. Effect of various components in the

basic medium, like carbon, nitrogen and phosphates was tested on the mTGase
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production, Thus, the optimized medium composition found consisted of 50 g/L
starch, 20 g/L. proteose peptone, 1 g/L NaH,PO, » 2H,0, 1 g/L MgSO4, 2 g/L yeast
extract and 0.5 g/L polypropyleneglycol. The mTGase production was 1.6 U/mL,
which was found to be improved almost 1.6 times in comparison with that in
the basic medium,

The effect of agitation speed was also observed by using different sizes
and types of impeller for the mTGase production, The agitation speed ranged
from 258 to 400 rpm, Maximal mTGase production was 0.69 U/ml. when agitation
speed was 330 rpm. However, the severe inhibition of the cell growth was not
observed at high agitation speed.

Notably, the effect of pH on the mTGase production was revealed to be
significant. When pH was controlled around pH 7.0 during the whole
fermentation period, the mTGase production reached around 0,32 U/mL, which
was much higher quantity comparad to the values obtained pH uncontrolled
fermentation,

To select the optimum impeller for the fermentation, three types, namely,
rushton turbine, scaba and pitched blade impeller were tested., The maximum
mTGase production obtained was 0.69 U/mL in 4 days by using rushton turbine
impeller, which was evaluated to be more efficient than others in order to
give fairly high oxygen transfer rate.

In the previous study, it was known that the growth of 5 mobaraense is
sensitive in the factors like pH and temperature at the fixed incubation
period(4 days). The effect of culture conditions like temperature and initial
pH of the medium on the growth of the S. mobaraense was studied as a function

of the biomass and wTGase production. With this design of experiments, the
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optimum conditions of the two factors were found. From the experimental data,
the maximum content of enzyme that could be produced was 1.28 U/mL at pH 6.5
and 30.6C, and the maximum amount of biomass was 20.35 g/L at pH 5.1 and
33.7C. By solving 2 order regression model the predicted values of mTGase
and DCW were compared with experimental values. A well correlation was
observed between the predicted and experimental values, and batch culture was
also carried out to confirm the mTGase production in shake flasks under the
optimum culture conditions obtained.

Culture in a fermenter by using optimized medium and physical environments
was also carried out, The mTGase production was 0,96 U/mL at 78 hours, and it
was improved about 1.4 times in comparison with that for the basic medium in
shake flasks.

Fed-batch operation has been widely used for anitibiotic and enzyme
production where secondary metabolites are produced in the idophase,
Fed-batch cultures are usually carried out with the control of the nutrient
feeding by monitoring dissolved oxygen(D.0) to achieve a high productivity of
a desired bioproduction, As a result of the previous study, it was known that
mTGase produced by microorganism may crosslink peptides and amino acids in
the medium, which probably cause the enzyme content to decrease, In this
study, proteose peptone was supplied with a required concentration for the
maximum growth in a batch culture and then the organic or inorganic nitrogen
was applied continuously during a fed-batch mode to avoid the crosslinking of
the nitrogen sources in medium by the mTGase produced. Thus, fed-bath studies
in shake flasks were carried out to find the optimum inorganic or organic

nitrogen sources. Various nutrient feeding methods were also applied to
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enhance the mlGase production. As a result, the mTGase production by
intermittent fed-batch feeding of proteose peptone was 1.45 U/ml, which was
found to be improved almost 1.5 times in comparison with that in the
optimized medium in shake flasks,

The development of a mass production process for mycelial organism is
difficult because of the high branched cell morphology. In addition, DO
level is known to play the important roles in regulating activities of the
biosynthetic enzymes for secondary metabolite production. Therefore, we
developed the on-line computer-controlled fermentation system to which both
agitation speed and aeration rate were adjusted simultaneously by use of DO
analyzer connected. The highest mTGase production was 2.1 U/mL when dissolved
oxygen level was matained at 20% by using the developed system, and it was
improved almost 1,1 times in comparison with that without dissolved oxygen

control,
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Mass production of vital function-regulatory substance and enzyme
separation in order to improvement of biological activity and

structural functionality of barley based processing foods

In order to investigate the optimum reaction condition of the microbial
transglutaminase (mTGase), 10 mg/mL of mTGase reacted on the substrate of the
various concentration. V0 of mTGase increased in proportion to the substrate
concentration up to 40mM, Vmax by Hanes-Wolf plot formulation was 0.602 u
M/min and Km value by Hanes-Wolf plot formulation was 34.2 mwM., Although
maximum activation temperature of mTGase was 60°C, suitable temperature for
applying it to food processing was under 40°C because of its low stability at
high temperature,

When 0. 1% mTGase standard solution was tested using PM30 and YM30, the flux
was highest at 15 psi transmembrane pressure, and the flux of PM30
(polysulfone sort) was higher than those of hydrophilic YM30 (cellulosic
type). Therefore, polysulfone sort was selected for further experiment.

In order to develop mass separation process of mlGase that is a secondary
metabolite produced by Streptoverticillium mobaraense, the culture fermented
at 30L and flask scale, respectively, centrifuged, and then the enzyme
concentration was compared to each other. The enzyme concentration from 30L
fermenter (2.24 unit/ml) was higher about three times than those from flask
culture (0.75 unit/ml), The specific activity of the culture obtained from 30
L fermenter (0.22 U/mg) was also higher than those from flask culture (0.13
U/mg).

These results suggest that 30L fermenter is better than flask for the
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mTGase production, which shows the possibility of mass production of mTGase,

To determine optimum ultrafiltration (UF) process for the separation of
mTGase at lab scale, two-step UF process using 100K UF membrane and 30K UF
membrane of the TFF (Tangential flow filtration) system was used. The culture
was permeated through a 100K UF membrane and then concentrated by a 30K UF
membrane.

The 1initial enzyme concentration filtered through MF membrane was
425U/250mL, but it was decreased 236U/200mL with permeated through MWCO 100K
membrane. The mTGase of 44,4% level was not permeated MWCO 100K UF membrane,
The enzyme concentration that was concentrated using MWCO 30K UF membrane
incerease from 1.20(2VCR) unit/ml to 1.48(BVCR) unit/ml., These results
indicate that MWCO 30K UF membrane is sufficient for the separation and
concentration of wlGase.

In order to investigate the possibility of mlGase separation at large
scale, the culture fermented in 30 L fermenter was centrifuged first and
pre-filtered (0.7 zm pore size). When the permeate 10 L was separated using a
MF membrane (0.3 um pore size) at the flow rate of 0.75 L/min, the flux was
775 L/ /hr.

In the condition of the optimum TMP (Pin 4, Pout 0), it took 0.55 hr (5
times concentration) and 1 hr (10 times concentration) for the concentration
of the crude enzyme solution (5 L), using the pilot-scale 30K UF membrane of
the TFF system,

The average flux at 24C and 14C were 41.4 L/n’/hr and 72.4 L/nf/hr,
respectively, which shows that low temperature gives better separation

efficiency.
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As the VCR increases, the enzyme concentration and specific activity
increased from 2,57 unit/ml (2VCR) to 5.52 unit/ml (5VCR), and from 0.26 U/mg
protein (0.3 gm) to 0,33 U/mg protein (5VCR), It means that large-scale UF
process gives higher efficiency than that of lab-scale UF process,.

These results confirm that continuous membrane separation process using the
coupled system of MF membrane(1.7 xm, 0.3 zm) and UF membrane is possible
for the efficient production of mTGase. It also suggest the possibility of

linear product scale-up and high-yield separation of mTGase.
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Functional improvement and product development of processing food

using by microbial transglutaminase as a novel ingredient

Gelation phenomena of globular proteins by microbial
transglutaminase(mTGase) originated from Streptoverticillium mobaraense were
investigated for soybean glycinin including maleylated glycinin, bovine serum
albumin, A-lactoglobulin, a-lactalbumin, and ovalbumin as a model protein,
The glycinin of soybean was susceptible to the mTGase reaction, although the
basic subunits of glycinin were not involved in polymerization without
dithiothreitol(DTT), a reducing agent, Calcium gave turbidity to
transglutaminase-induced gel formed from BSA and ovalbumin. Oscillatory
shear measurements were employed to investigate the rheological properties of
the mTGase-treated proteins, Storage and loss moduli (G’ and G”) measured at
a constant frequency of 1Hz and 50C revealed. The protein solution exhibited
near-zero storage moduli (G', indicative of gel elasticity) during the onset
of TGase treatment but progressively increased with incubation time and
eventually leveled off to maximal G' values, In addition, the rate of
development of the gel rigidity increased with increasing mTGase
concentrations, Purification of TGase was conducted by precipitation by
adding ammonium sulfate and dialysis, and sequentially fractionated on a
column CM-sepharose CL-6B. Purification of crude enzyme at each step gave
rise to increasing specific activity

Polymerization of disulfide bonds cleaved BSA(Bovine serum
albumin)-stabilized emulsion by microbial transglutaminase was investigated.

The structural changes of reductant-treated BSA were observed by fluorescence
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spectroscopy and circular dichroism spectroscopy, which was apparently
changed as the concentration of 2-ME increased, Polymerization was induced in
both adsorbed and unadsorbed protein by mTGase, and reduced samples with 2-ME
were polymerized more effectively., Storage modulus was the highest at both
2-ME and enzyme-treated BSA-stabilized emulsion gels. The conformational
changes induced by disulfide bonds cleavage and mTGase treatment are
certainly effective on making a solid-like emulsion gel,

To improve the physico-chemical properties of processing food, microbial
transglutaminase has been extensively studied for years as a novel
ingredient. This enzyme has been well known to have water holding capacity,
fat holding capacity in the newly formed network. Korea traditional food such
as meat- or tofu-based quisine is focused on developing thier texture and
storage stability. In case of minced meat-based product, transglutaminase
added with 0.5% greatly gave elasticity and hardness to minced-meat product,
Also, transglutaminase significantly increased hardness, elasticity,
homogeneity of Tofu sausage and significantly decreased fracturebility. Tofu
sausage showed sliceability as good as luncheon meat sausage. As the result,
transglutaminase significantly improves the textural properties of meat-based
or tofu-based product.

To improve the dough properties and develop multigrain-based dough,
transglutaminase was added to the wheat flour-based dough and rice
flour-based dough, respectively. Any significant change in mixogram was not
shown in wheat flour-based dough, and wheat flour mixed with rice flour at a
low rate. However, the transglutaminase greatly stabilized the mixogram of

dough made of wheat flour and rice flour mixture(5:5, w/w) with much less
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water absorption. Therefore, microbial transglutaminase seem to be applicable
as a novel ingredient for improving the physico-chemical properties in

processing food.
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Fig. 1 Transglutaminase-catalysed reactions.
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Table 1.The component of growth medium

Components Concentration(g/L)
glucose 5
MgS04 1
KoHPO4 2
proteose
peptone 2

Table 2. The component of production medium

Components Concentration(g/L)
soluble starch 20

MgS04 1

KoHPO4 2
proteose peptone 20

yeast extract 2
PPG(polypropyleneglycol ) 0.5
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Fig. 2.Standard curve for enzyme activity by L-glutamic acid y -mono

hidroxamate ( A: 525 nm).

Linear regression for enzyme activity

Y=A + BX
Parameter Value R S, D. N P
A 0.01745
0.9982 0.01485 5 <0. 0001
B 0. 34151
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Fig. 3. Standard curve for protein content by bovine serum albumin
(A: 660 nm).

Linear regression for protein

Y=A 4+ BX
Parameter Value R S.D. N P
A -0.04739
0.9955 0. 00426 10 <0.0001
B 0.46481
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Fig. 4. Standard curve for starch content ( A: 488 nm).

Linear regression for starch

Y = A + B/Y
Parameter Value R S.D. N p
A -8. 34348
0.9985 0.01438 10 <0, 0001
B 0.02158
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Fig. 5. Standard curve for reducing sugar by DNS method ( A: 540 nm).

Linear regression glucose

Y=A + BX
Parameter Value R S. D, N P
A -0. 0689
0. 9994 0.01953 10 <0. 0001
B 1,26903
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Dynamic Methodo] 2|3} k.a2] &3

dynamic methodi= F7]4d WHZoJA AME njotdz} wjdEo] &5l Alx

i

A-gaste] st wjg)e] gEaaE ZUIEHA

H

ot SR el s

3tod, kag 71&71% she AAAE P 2 ghe st

r ¢

Expe &
agar Wi#] ¥ plate® 4 L] WE4E Wil o 2uH20 - 25 ym)o] R2H Fa}
71E o]-&sto] 3 o3t ozl A} Wt n] 7 (4008))L AFRB| A Ex]

& Skt

o
o

1+ 5%

Hy 279} YetR+E CCD color camera’} GIAX AF&n]Z( TOSHIBA,

g

MODEL NO. 1K-642K)& A}-&3}o] #dstadct.

Aol & 27 $£3L Auto Aab LK 930(Lokas. Korea)A]A®Iz} ZFHE|E oA s}
AR AHEF syt Alagle] TP Fig 63 Prh Ak FFL 37
AF71E ol&sle] UHIUZ FFstaon, BISEE 1 - 4 vwn e oA
ZAE3P 3, IS EE 330 rpm - 430 rpnd B L-E2abATol ulal WA IEA

agstalct.
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Co:2t 0, 55 573
wEE WEEe

(Lokas, Korea).

Coz2}

7}A

ol

Temperature

transmitter

Pressure

transmitter

Exhaust

Gas analyzer

Air flow

controller

Computer

Fig. 6.

Configuration of computer control system

1. Thermocouple

2. pH electrode 3. DO electrode 4. Exhaust condenser,
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A 38 A3 9 24

1. Axh=] 325}

7h. gmlA| oF iAol A nj 3 Ee] g

AR S 2 A3l kA AgEulol A B8 4GS FPska, AahiAelas
nTG2| Artat vl &2 dATAE Falaleh Zzhe] a2 Fig. 732t 8o vehfgicl.
ndEE gnIAlolAl 4wt A3} n]gEe] Aol it Al7]Ql 3UAE A

HES AT HH7100= Aoiglel. ARl 3dZ gt d-& BahiRlo] HE st

gotolet. mhebd, AArhiol A nj g wigdqs nT6e] #of At Al71Ql wie} 4dxjz

Asiglch. o] F Aol nAES ARl 397, AahliR]olA 47 wietstint

3.0

2.5 4
2.0 4 .___.,.,-—-.\\
[ ]
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‘/ .

ol /
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Fig. 7 The growth curve of strains on growth medium.
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Fig. 8 The growth curve of strains on production medium

@ DCV, W ulG.

v}, gt o] F5H71 nlG ABito] njz= g3

TR gtadol mhE nlG AAAIE viasty] g)ste] Aatnix] =44 & whad

s}

A starch® WIFF, olFF, TR W 0 5o BaUoR ustel A7
o] 718 MRzl AR, BelaaE o8 WehioolA G A

Aol w3t iAo FF W G Fig. 9o Uehdddch wiek ¥ FHol A=

)(,ﬁ

= glucose, glycerolo] 9.75 g/Lo|9l oM starch& A3t cfHEL 4,5-7 g/L8]
tl. mTG Aa+E glucose®} glycerol?] Z-¢ 1 UrnL o]Atolelsl, starch®} fructose

0.8 U/mlolglom vlx]= 0.3 U/ml olstgdtt ¢ AzE EuE glucose,

fr

gly-cerol, starch, fructoseof thste] & MG wHEslo] wix| x| 5talg S 29I

gradg dAstaat stelct,

j
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12 1.5
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mTG (U/mL)

5
Carbon sources

Fig. 9 Effect of various carbon sources on DCW and enzyme production.
1: maltose, 2; lactose, 3; galactose, 4. glucose, 5; fructose, 6: sucrose,

7. glycerol, 8 corn oil, 9; corn steep liquor, 10; starch. [&; DCW, B nIG

7123 R o] Bt4%1Q) starchE glucose, glycerol, fructose®. Tha|3}o] =4l
gt 43S Fig. 100] vehglel. wlG A4k starch7} 1.28 UmLE 7HY &oke
o, glucose 1.19 U/mL, glycerol 0.86 U/mL, fructose 0.78 U/mL ol AR
A ¢ glucoser} 12 g/LE 7P &0k3l, 9+ 9.6-11.1 g/lojglr}. &
A B2 volBlE SAS ZRIAG o|-§3to] ANOVA AL dlgich. o Az}
R-squareZ} 0.96655 nj-% &9tom, F valuet= 308,54 ©]%l3l, ProF: 0.0001 &4
#2142 0,051} Wo nl$ Relgel &g Urhigleh 7 AHelol oyt wg

s

.
o

w8 F5& UEhlE SNK groupingollAl 2zt ¥EA412 ME ThE groupingd
LiERo] 2t ghagle) Aol fo4 ggo® EMET) ulely ZaAEA o)
22 grouping¥ starch, glycerol, glucosed Z}EIWZAYE o]-&3F njx| ¥

A3 AP stadozy Mty
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Carbon sources

Fig. 10 Effect of various carbon sources on DC¥ and enzyme production.

1: fructose, 2: starch, 3: glucose, 4: glycerol, [&; DCW, H: nTG.
tl. A £85I} nTc A4to] njxj= A3}

A 7tA] datdo] whE wlG YAAE wlmsty] gste] QaulA] 242 Aa
%l proteose peotoned o F7|AANI} | ALKNOE A 3lo], nTG BAato)
thet dadde] $5% W 9P Fig. 1o Uehdgich  skin nilk®] Z$ 1.07
U/mLe] W3 & A4S vebd yhd, o2 Rrjdsdods aAHAol
SEEA skt g7l AgAelA wlay faaBAol & Z4H peptonized
milk, skim milk, casitone, tryptone, proteose peptone¢] t]s] zjAHL s} 1
A3E Fig. 120 uYeR Tt wT6E  tryptoneo] 1.3 U/mLE 7}3 oty
proteose peptone, casitone 1 U/mLojolr}. £ Al§e] T4 yole S SAS
ZZ MG o]-&-5lo] ANOVA 412 8 A3} R-squarei= 0.8185019.2.1, F value:
45.11°] %51, PrOF& 0.00012H F2]48 0.0058.t} yteteh, SNK groupingd 2} 2z}

2 MR ThE groupingd UERIIGL7]of elebdA Mg o] &3t wix a3 A
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Hel ALY F N tryptone, proteose peptone, casitoned 41483}t

14 1.2

12+ n } 1.0
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0 il afk ” .0

456

7 8 910111213141516171813 0

Nitrogen sources
Fig. 11 Effect of various nitrogen sources on DCW and enzyne
production.
1; peptonized milk, 2 NaNOs, 3; NH4H,POs, 4; (NH4)2S0s4, 5: NH,CI, 6; CHoCOONH,,
7: NH4COz, 8: NHsNOs, 9: (NH4)oHPOs, 10; Urea, 11; casitone, 12; soy broth, 13:

yeast extract, 14; tryptone, 15: corn steep liquor, 16; malt extract, 17;

skim milk, 18: peptone, 19: proteose peptone, [l DCW, M mIG.
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Fig. 12 Effect of various nitrogen sources on DC¥ and enzyme

production.

l; peptonized milk, 2: tryptone, 3: skim mik, 4; casitone, 5: proteose ,

peptone [7}; DCW, W; mTG.

gl A4l FF7 alG gito] nX= 4
vl nldEel tie) o] mixFoll Hyog EAsHA EHE o]xjrjAlitEe
Aate] AeEs Ao dejA ok chekdt Aol whE wIC F4HA 3 E Fig 13

of Lehiglct,
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DCW (g/L)
mTG (U/mL)

1 2 3 4 5 7 8

Phosphate sources

Fig., 13 Effect of phosphate sources on DCW and enzyme production,
1; NazHP04-12H20, 2 NaH2P04.2H20, 3 NH4H,POy4, 4; (NH4)2HPO4, 5 MgH2P04, 6;

KHS04, 7: KHzPO4, 8: KoHPO4, [}: DCW, MM mTG.

Fig. 13o] uehd 2 o] wjmd & #HAEE Uebd NahPo, -
12H,0 , NaHzPOy « 2Hz0, KpHPO4, (NHt)zHPOs, KHPO4of U3l x| WL sl ARH8F
2} BARANE Fig. 140] Vel Tt). mTGE NaHPOs - 2H.02] A 1.46 U/mLE 7}
B wokrh & AP HaA gy o] SAS TR IS o83t} ANOVA #4418 T
A3} R-squarex= 0.3889% uigrom), F value® 6.372 uf-$ uyolvh PrF:s
0.00050] 2}, SNK grouping A} NaHoP04 * 2H:0= 7} -2 grouping letterE L}
ERAgaL, ©]8] ThE UM ES BF YUY groupingS LERAYCEL 7] BAA e
A5 ZEUE NaHP0, - 2H,09F FAAH 0] A Z3F KHPO.2} KHPOE wix| 2] 3

IS 9%t el o2 MAShT)
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Phosphate sources

Fig. 14 Effect of phosphate sources on DCW and enzyme production.
1. NagHPO4.12H:0, 2 NaHoPO4.2H,0, 3: KH:POs, 4: (NH4)oHPOs, 5: KeHPO, [T: DCW,

M nTG.

up, ghad, A4, AdS YT il e] XA

71l A ABE Zhzhe] vhAY, A, Ade /Y s ulE nlce] YAk
8& vaLsty] fiste], o MAYPMen HAY wiA2US T 4 A& wEly
AP S o] 83t A AYsta £sigch 3744 S/ vad, A4, QY

& ZYT A Yol oigt wlGe] it HAIE Table 3o uepuigicti. 1 Az}

ok

(o4

starch, proteose peptone, NaH:POs + 2H,08 ZAJE M5 nwlx|8] AL, "AZAO]
1.37 U/nLE &A Velyc). wir] &gl cfat ANOVA EAA 8] A] R-squaret= 0, 9012
2 ¢ &9t3, F value 34.970]8131, ProFE 0.0001& -R2]4do] olglr). w3l El

A, A, Jdo] o3t F value: z}z} 65,7, 38.79, 0.430}8l3 ¢192] ProF
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'E O.6566.9.§. %3]*30] %1% agﬁ_ Sﬂ‘%_i‘?igtq, FT_]:—{:%:‘L} zé_

B

2] prore

0.0001% §-2]4de] glglct

Table 3. Optimization of carbon, nitrogen and phosphate sources

S. mobaraense using Latin-square technique and enzyme activity

obtained''® 20)

Ingredient type M1 M2 M3 M4 M5 M6 M7 M 8 M9
glucose 2% 2% 2%

starch 2% 2% 2%

glycerol 2% 2% 2%

tryptone 2% 2% 2%
proteose peptone 2% 2% 2%
casitone 2% 2% 2%

KHzPO4 0.2% 0.2% 0.2%

KzHPO,4 0.2% 0.2% 0.2%
NaH;PO, + 2H;0 0.2% 0.2% 0. 2%

uTG (U/mL) 1,19 1.27 0,94 1,07 1.37 0.97 0.71 0.89 0.60

M means medium,

2} dok41 2] SNK groupingZd 2} BFA o4& starch®} glucoseZ} A letterE ¥
U3tA &2 groupingd Ve o, Ao 27 ohE groupingS LIER
931 o|ull proteose peptoneo] 7} %8 A letter@rl ¢HE T A3 Lt
< Vehjsich

ol el AME ErfE A F-f el fle Aer EAEAL, ®aAd
Aaores AR oA E4HPo] /M8 B2 2 ANOVA &4 A3
7} x| el71ell starch, proteose peptone, NaHnPOy » 2H:02] W] 2§} 2] 2]wj=|

& ARstglen, il 243 Aole AdHo] KHPOoA] NabzPO, - 2H02
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2 oiAg Zolnh Mugt Ztzfe] Ay, AAd, 1dol vish kv iy

Bto] FEste] izt A AE Table 4o Uiebyich

Table 4. Optimization of selected medium ingredient for S, mobaraense

using Latin-square technique and enzyme activity obtained

Ingredient type M1 M2 M3 M4 M5 M6 M7 M8 M9
starch 1% 1% 1% 1%
starch 3% 3% 3% 3%
starch 2% 2% 2% 2%

proteose peptone
2%

proteose peptone
1%

proteose peptone

3%

2% 2%

NaHaP04 « 2H:0
0.3%
NaH2PO4 * 2H20
0.1%
NaH2P04 + 2H:0

0, 2%
nTG (U/mL) 0.59 0.62 0.63 1.42 0.92 1.03 0.92 0.73 1.01

0.3% ' 0.3% 0.3%
0.1% 0.1% 0.1%

0.2% 0.2% 0.2%

M means medium

EtAQ 07 gtarchE 10, 20, 30 g/L, WAL L E proteose peptoned 10, 20,
30 g/L, Q1Y O.F NaHPOy - 2H08 1, 2, 3 g/l %28 30ColA 497t Ui stgict
A AAE EAA st #4138 A3 R-squares= 0.98248 ull-9 &Qk51, F value
= 214.08% A} o)§ &orom ProFi= 0.00010]gith. Z+ &dakele] F value: 100
ojdo g e & £ E Uehiglen, PrOFE 0.00012 2 AgAz}s) mg e}

FEE Jehbolct gAYl sxof cf3t SNK grouping starch?] ®%7} F71Y
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5 Aa®do] Fu8ta, AAYL] B 20 g/lofA A letterd 30 g/L,
= 7217z} B, C letter® grouping®l g1, Q9 %7} 1 g/LEC H&45

’dol A3E]= ZALE grouping

AL 10, 20, 30 g/L, ¢}

=2UE Addste o AXE

gich whehA gt

Table 5of Vehjict,

a2 Bug

Y2 0.5, 1, 2 g/LE Fslo] el A Ho] uE

10 g/L

a4¥

20, 30, 40 g/L,

Table 5. Optimization of selected medium ingredient for S. mobaraense

using Latin-square technique and enzyme activity obtained

Ingredient type M1 M2

M3 M4

M5

M6

M7

M8

M9

starch 2% 2% 2%
starch 4%

starch 3%

proteose peptone
1%
proteose peptone
2%
proteose peptone
3%

NaH2P04
0.2%
NaHzP04
0.1%
NaHzPO4
0. 05%

* 2H20

« 2H:0
0.1%

+ 2H,0

2%

0.1%

0. 05%

4%

0.05%

4%

0.05%

2%

0.2%

0.1%

wTG (U/mL) 1.22 1.53

0.92 1.19

1.65

0.82

1.14

0.85

1.44

M means medium,

ANOVA o] &8t R-square:= 0, 2778& nj-%- E%QISl F valuex 1,47, Pr)F=

M E Tt SN gr‘oupmg@,\} z}tzte] 3o

0.2307% #217d°] Gl A2
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7t FYSHAl groupingE it i A AL ANOVARAY AzE EuE £ Ay
AM B groupingol thsl] HAEY &7 94U BEE AFsE RAo] Elgs}
ChaL gtetElo] 443t AdQe] = 247 20 g/L, 1 /L2 st g

eIt FETE f4Mgo] UM RR, AN wE2E AR 9%}
o] 20, 30, 40, 50, 70, 110 g/Lojl vidle] AAHsle), 1 AE Fig. 150 e}
uiglct,

25 2.0
20
L1.5
—_ O
= 454 E
o =)
L1.0 ~
2 o
O 104 -
Q £
o.5
5 -
o 4 0.0

50 70
Starch concentration (g/L)

Fig. 15 Effect of carbon concentration on DCW and enzyme production

71 DCW, M nTG,

Az FAFS o] FE7F S7HEFF 12 g/lolA 23 g/l 2 At S8t

A, wlG

rlr

it Fohgtel] whel ujn|stA Fhste] khAde] S = 50 g/lollA
1.6 U/nLE 714 LA A3xbE] vk, ANOVA B4 22} R-squaret= 0,31298 YQksl, F
valuet= 1,090]%10m, PriFE 0.41278 f-24do] ¢l Zlog EAEr) SN
groupingoll Al BE Fxof ths] FUSIA A groupingE UEhfch ¥rade] Bk

7} BAH ninto g vtom njAEL] gAo] AsjE o] ojArAtitEL] f&o] ylo}
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A3, gafle] R o mAAEL Fao] SMEAAN olAThARTH: oty
A7 FAFRR S48 ulcE A 5 gA "ok mEb, sadde] =g

Aol glolA 4718 HdEE BEvle #Hu FA8YE el 50 g/LE 3 gl

-

AR FAstch wixl e A2} w44 soluble starch 50 g/L, A4
2 proteose peptone 20 g/L, <¢1$d NaHPO; < 2H,0 1 g/L, MgSO; 1 g/L, yeast

extract 2 g/L, PPG 0.5 g/Lo|glc}.

uf. Oilo] & 33 nTG Pato)] nlx= 47

SAE SAlste AW WAA] F2 ouA|doR o] &E 3 gt 2|3l oil
o] d#fo] 9 keal/gR2H 4 keal/ge] BrAIRCT £ dakg TE3}7] wio] o
ATAHE BUSHAISE AU 2N o]§o] Hsdhn, ERE APAL esterd) thF
o] lecitindt ZZ HAL HAFARH B Arle YL yFe] 2}
I whaby 2 AgolAE Tt oilo] A% T ShAflo ) ngEe] A
TG Aol mA= JAS WHSIACE o] 8H 0il2 FFHo EMAINE Table

6oll WEhgict #2313t iAo 0il& AIFEE B9} oild HIbsiA] g2
28] A Aol ARFA#oldr), 0i1S HIIRE SetAangde oz 2o
Hs) AzaAEko] 20-30 g/LE 1,6-2.54] F7}3F wbA, AABEL ofzo] w3
0.6-0.7vf ZtA3}o] 1 U/ml mRkE UERIQITE o] oilo] ElAYOoR o] &E o]
odEe] ASE HAE b, wFzy] wixFo] x|k Hare) stad F,
starch®} 0ilE Q13| 3] rliHE ]2 (catabolite repression)7} doji} FAHA

of thzFol uis] 4y Aoz AAE ek I, SepAInjdS wEZ ¥

o2

2 B71%, AEE F oUERAN Aolst Qlong WMAZ wYME Sekad
ajegoll A vehd EAIAE A = A& RoR A=l w3 23] v

2 QA BejoltaBdAs R NG $asto sy Salaauetla Ut

lo

-

G EARE At B ANE &Y 5 U AoE AAFE YL



Table 6. The effect of oil sources on cell growth and enzyme activity

Specific
. mTG DCW o ,
0il sources (UraL) (/L) activity final pH
(U/mg)
almond 0.976 23.11 0.073 4,99
corn 0.930 27.49 0.072 4,87
coconot 0.811 30.09 0,065 6.17
sunflower seed 0.929 28.63 0.069 4.79
soy bean 0. 956 26.56 0.070 4.71
cotton seed 0.997 20,27 0.069 4.82
fish 0.877 25,50 0. 065 4,94
sesame 0,987 26.18 0.073 5.11
olive 1.135 2597 0.079 5.68
peanut 0.951 21.38 0.068 5.00
lard 0.895 26,15 0. 064 5.01
control
1.4 12.3 0.015 5.60

(without oil)
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Fig. 16 Time course of cell growth,starch concentration, enzyme activity and
reducing sugar in batch culture of S. mobar-aense at 258 rpm.

@®: DCW, M: nTG, O:starch, A: pH, [1; reducing sugar, A: DO.

HaBE2 AL STl 40412kl 0.58 U/mLo® 7b8 &3tal o] F A Aj3

syl Az

i

A 1243 o] FHE FAH3] FIlstrirt 484 2ol oF 22 g/L
B 7 gilon ofF MM fadhe AE vrhigoh AR njdBo] o

3t7] A7l 23lF o] o] GHBE MM sl 66412 o]Folli= 5 g/L o|stE A
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o] AAsala, VU u|QEL Falo] AAEE 647 o] FHE FHs FUiyt
F 18 A|3tol] Hrj2] FEE UePATI ) 4842 o] Fole nAEL] HIE 2 gL
o] ¥ F=E Uehidrh §EAaEEE WAZT) o] 10052 E3AH o oA
o] S0l B 1243 o] F FAF| L4 3042t o] F F7Isto] 6643t o
ol = 80-87%2 UEN)QIC).
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Fig. 17 Time course of cell growth, starch concentration, enzyme activity
and reducing sugar in batch culture of S. mobar-aense at 330 rpm @: DCW,
B TG, O: starch, A: pH, [I: reducing sugar, &: DO.
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Fig. 18 Time course of cell growth, starch concentration, enzyme activity and
reducing sugar in batch culture of S, moba-raense at 400 rpm @: DCW, W
aTG, O: starch, [I: reducing sugar, A: DO, A:pH.

Z-7F3Iett 1841 7ol 0.35 U/mlE 71 &9k
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rpn o8] FMEEOINE 2 HTiel oja) mAE Az Tl ST
Aug W AANE YrhiQL, oju] 48N AZ FTAY, AL BUY Se)
H37h 330 rpnol H]ste] WHE AJlo] UEhd ROE Mol WEFTY F mitkm
g Wb Ichd WE Tage Wl Z71E NHE 4 de Aos

th webd, 400 rpno® WHE-E AT ¥ HT) FABAHLS AR e 182 7ko)
330 rpuoE AUGEES HBAATH B VLA £ TAMMO] T
Zog BZEm, EF 258 rpmo|L}, 330 rpme] 7§ 36X ol AEo] TAAAL
o] AT/ AE LSRR o] Ao AES ArSH= $71Y wjre FUP O =H
Ta AR E7P) MU Row AznE ).

L. Bkl o] pH A3} vzl Ay vl
7|25 pH7E w]Ee] A wlG dabe] mlxe H3RE ol 3l p
& YRS RAT Feot 2R A2 BE vRsd wuRAF aksEE
L A718) SR Aol AR AMEER 7] 400 rpuol A LE 18413 o]
HE 330 rpmo 2 ZEaA|Ziom, wFAIZHE A7) Azl A Y n| &L A
I mago] 504t oo HejAE Jehf o] F  ZasigormF 7247t u)
gstolet. ol wizze ‘Ag @ Y oM ®E R} Al olc Aaa A
ZAAY B AE vlaste] Fig. 19o] Jehhglch pH Ao A9 Atz oz
el & olgsto] w1 NE WA pHE YAsA 7.028 {A]stHT). o] &
A%23& wjoF 304 zhol T 0.32 U/nlE UERNQ S o] F 7tAstc) pH v]2A
8] % pH= pH 7.501449] orebztelE Uehilon Fa®age wjgzslel 0.1
UsmL, ©o]F wjjoF 36A]7to] 0.16 U/mLE 2 Z7pstgich Ar|e] Axs pH v 23
Brp phE dAsHA 2Ashe Zlo] wic Qate] o-% &Eapalolela wtetslgict, o
Lt gt F AtSEE U B aaate] F51g o)t A&

ge] ZLPE e

M
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Fig. 19. The comparison of pH control and pH uncontrol in batch

culture of S. mobaraense. @: DCW, W mTG, A: pH, close symbol: pH

control, open symbol: pH uncontrol.

ch. o] 279} Felrt ol B4k ] JE Fol nAE= F

Waz u 37184 9 FAHE nAFeE 1EA FiATE 9 st ¢
2l 2] 2719 Yefol whE w62 ibdE doprotrh ddee] HelE= rushton
turbine impeller?} pitched blade impeller, scaba impeller’} Aol o] &% gl.0
™, rushton turbine impeller®] 7-$ Dy:Dw:Dy:Da H] 7} Z}Z} 1:0.24:0.2:0.64(o]uj
Di=6.6 cm, Di/T=0.48)2} 1:0.25:0.22:0.61(o]w] Di=8.1 cm, Di/T=0.59)]} F7}#]
Qg ARgele] aAlE W Wy ol BT wFRAA sttt ujeka]
Zho] w2 4, Az FAR, A& BUF UL EMsha, §&8daF
=2 Wistg dsiolct. oo 7|9 Yejol Al Table 7, 2k AY AANE
74zt Fig. 20-220] Llelggict.
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Table 7. The impeller size and type in fermenter on enzyme activity

Impeller diameter/ Angle of blade
Impeller Flow . No. blades
tank diameter(D;/T) (al °1)

Rushton turbine{a) Radial 0.48 90 6
0.59 90 6

Pitched blade(b) Axial 0.58 45 3
Scaba(c, d) Radial 0.61 90 4
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Fig. 20 Time course of cell growth, starch concentration, enzyme
activity and reducing sugar in batch culture of S. mobar-
aense using rushton turbine impeller(D/T=0.48)@: DCW,Il: nTG, O:

starch, A: pH [l reducing sugar, A: DO.
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Fig. 21 Time course of cell growth, starch concentration, enzyme

activity and reducing sugar in batch culture of S mobar-aense using

pitched blade impeller @: DC¥, HM: nTG, O: starch, [l; reducing

sugar, &: DO, A: pH.
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Fig. 22 Time course of cell growth, starch concentration, enzyme
activity and reducing sugar in batch culture of S. moba-raense using
scaba impeller. @: DCW, W: nTG, (O: starch,[]: reducing sugar, &A:

DO, A specific activity.

Scaba impeller?] A9 FAYALE 48X]7to] 0.69 U/nLeZ )& v}ehfalc].
Az FA e 36A7to] 16.72 g/LE Fugom o]F XA ZAslodry. TG
o] ek wavt A wel 4ste] 1 g/LE VERIR, JEY] YR A4
sted 6.1 g/LE UEhldch &ALl njdEo] At el Z43ste] 36
A Ztell 40.7%2 n|Fo] 23 Ataol&ETt S-S RojFm, ofF FUlste] 90%
& Ujelyit), Scaba impeller2} Di/T=0.59%) rushton turbine impeller?] 733
B 48A)7to] 0.69 U/mL2] Hd3r AL vehfgdemrm, Di/T=0.48%] rushton
turbine impeller®} pitched blade impeller?] 79 Z}z} 0,48, 0.35 U/mLe] &4
Wge Uehiglch gulzlel 219} Hejol wE wie AAbES ua BHY Az
LA SA7E WD Qe Av)7t Z4E 371, wix, AL Sl o
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IREE 330 rpmof A Qo] A7)ef ulel UAE= At ois] d¥E A
e og AyzEei|n, AMgH Ay Fode M A4 Al gl Ao
iets]o] o] ¥ Al o)A rushton turbine impeller(D;/T=0.59)& o]-&3}9ic).

gl. 2] Yegt Ryt $3

HEzGA] 719 k] o daz A4t n]YER AdEHE S5
g Esle] uldEe] Qo] nx G3E AnRdc) WYL= 30T, pH 7.0,
rushton turbine impeller& o]-&3}o] W& AJZt 15.5, 40.82} 65.4 hrojA] A &EF
Adgak AQ3sle] AZRFAAFE FFsAL 7 Adultt FriGEel ANtz
g ka®t OURE FAstolct. ARFA LS Aol ulel 12.44, 15.659 13.66
g/Lt}. Table 8-11 zZ} dzxdAsol] Br&xe} atgEo] WE kadl ORE
LERd Zloltt, Table 8o) &3l B71&% 1 vwmollA aWtG =7t F718bd kas
ZIPhe Y& HoFdch ARdAAH] 12.4 g1 ZF aEET WS
%

S sl Be katt AR YOU AP eNE AT

Table 8. Real Value of k.a in term of rpm at aeration 1 vvm

0.U.R (mM 0z /L - hr)

P THCW (12.44 g/l)  D.C.W. (15.65 g/L) _ D.C.W. (13.66 &/L)
185 1.32 5.83 1.69
223 9.43 5.14 0.71
258 1.26 3.66 0. 24
293 7.22 1.47 0.09
330 10,67 0.87 0.11
366 14,77 0.68 0.10
400 14,79 0.38 0.18
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Table 9. Real Value of ka in term of vvm at 330 rpm

0.U.R (uM Oy /L - hr)

o D.C.W. (12.44 g/L) D.C.W. (15.65 g/L) D.C.W. (13.66 g/L)
185 1.32 5.83 1.69
223 2.43 5.14 0.71
258 1.26 3.66 0.24
293 7.22 1.47 0.09
330 10.67 0.87 0.11
366 14.77 0.68 0.10
400 14.79 0.38 0.18

TR Yx 2 vl Ho) AzFAFS UH 30-36 hro B YRZI|HE o)A
7R FA 3] v Eo]l FAsta, o]F ARFAAFLS MM sl AUYS
Rolch whetd 2 Ay ARIAEY 12.4 g/l n[ABo] FA3F] FAs: 7
e Zeg, ouje] ORE ¢ &g A= ofdsn, whd kat WE 2o
e g 2o oyE gt ARFAA 15.65 g/l A9 UE 40 hrd 2
F 9 VIR ngEL FAo] MAI] ZaEE J|Zo|BRE, RS ZidHs
Z8%E Ve BV E 1 vwnd} 29SS 330 rpnol| A Q) kas 2 RFA] R 2ol
ule}l oFzhe] zloli= QlAnt oF 160 hr'e] AEE Hoj 2t} o] T}E FAY

B HAEAA Hoire Aot At FAME ¥ nAES 553 3%
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Ahel Felrze skl FAY Aol GE wEajrale] HE F7 AN A
Bargrlue] HadE 5dS FAs) LAl o AtiAES Ay Ha)felo]
"l ol BEAE A AN kal BPL BE AUY V2P s Ze
sxol Westch AMGE 300 rpuold FAFEC] WE ka EES PEUS)
£do] 228 FRE ALY Zolw, ka FRNRE BEUMLEEE AEZ W
E Aade) 23 % A2HE o83 Wik 248 RHolt),

il

Table 10. Real Value of O.U.R in term of rpm at aeration 1 vvm

ka (hr")
vy
D.C.W. (12.44 g/L) D.C.W. (15.65 g/L) D.C.W. (13.66 g/L)

0.5 77.83 138. 20 105. 30

1 70.16 157.75 124.67
1.5 101. 48 149.15 82.58

2 108,14 169.31 110.92
2.5 112.28 155. 38 139,79

Table 11. Real Value of O0.U.R. in term of vvm at 330 rpm

0.U.R (mM Oz /L - hr)
D.C.W. (12.44 g/L) D.C.W. (15,65 g/L) D.C.W. (13.66 g/L)

vvi

0.5 13.29 1.23 0.23
1 12.96 1.12 0.14
1.5 14.03 1.43 0.18
2 13.92 1.41 0.24
2.5 15,19 1.26 0.22
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22 4719 AYE BEUE pH 7.0, ¥iPEE 30T, ZPEEE 330 rpmo 2
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Fig. 23 Time course of enzyme fermentation in optimized medium and
condition. @: DCW, M nTG, (: starch, [ reducing sugar, A; DO,

A specific activity,

27] 1842717 LeE g Q) wiAs SFEsiglen, o Az &
2842 WA AR BER A FPHACh LA MR (Y27, Fig 17
Z)E o] 83 WEZR YA HLAEE2 0.7 U/l ke R 33t wjddss 72
Alztejglont, HAZhAE o]-&¥ £ YoM #ci¥Ad- 78 hroj 0.96 U/nL
o= Uelylct 7128 4o vs) of 1.4 Frlstgon, Zhu]

Hgabzi et FARE g Uehidek?. zhue] HAFaAE 2 ofn) At
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& HF HARE wix{oln, & MM &gt wiA| peptonec] mjFe] ofm]izat
o] H7ixle] Atk Zhuo] Aahwjz] zd3t E AyolA AME-H proteose peptone
9 peptone?] Z/4-2 2z} Table 12, 13o] Ltehjgict.

Table 12, The component of production medium by Zhu'?

Optimized medium

Concentration
Component

(g/L)
starch 20
peptone 20
yeast extract 2
MgS04 2
KHaPO4 2
K2HPO4 2

Arg 0.30

Asp 0. 649

Asn 0.155

Cys 0.023

Gly 0.145

His 0.083

Ile 0.063

Met 0.092

Table 130 E7|¥F AJeFZA L2 Difcorle] IR E 25Tl Zhud] six|of &x|
Sh otmliit} ¥ A proteose peptoned ¥-Fdh= wix|Fo] &x|3}: oln
A (RS 2} opnlizabuich Ao wStAL 2u) nigke] Xlolz} Qlrh. & Eof
aspartic acid 7§~ proteose peptoneol= 7.28%, peptoneoli= 5 6%7} &x}js} =
3ol o]-8H proteose peptone 20 g/LE T-RT wixlol= 1,456 g/L7} EA)31A
W, Zhuo] 2{Hufx|ofA+= 20 g/Le] peptoneo] EXIdh= 1.12 g/Le} omjinite

2 A7IEE 0.649 g/LOE F 1.789 g/L7} wix| o £x)5}A4 "o},
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Table 13. The component of proteose peptone and peptone

Component (%) proteose peptone peptone
Carbohydrate 0.1< 6.9
Nitrogen
total nitrogen 14 15.5
amino nitrogen 2.9 3.1
amino acids
Ala 6.5 8.67
Arg 5.12 8.75
Asp 7.28 5.6
Cys 0.87 0.2
Glu 11,95 10.21
Gly 9.68 15,89
His 2.01 0.58
Ile 3.04 1.45
Leu 5. 66 3.01
Lys 5.33 3.42
Met 1.97 1.19
Phe 2.86 1.81
Pro 5.93 8.8
Ser 3.49 2.87
Thr 3.14 1.81
Try 0.6 0.38
Tyr 2.35 0.64
Val 3.76 2.35
Inorganics
Ca 0.021 0,008
Cl 4,51 1.086
Fe 0. 002 0,004
Mn 0.027 0.007
P 0.872 0. 445
K 0.685 0.203
Na 3.677 1.795
sul fate 0.162 0.244
S 0.812 0.410
Zn 0.002 0.001
Co, Cu, Pb, Mg, Sn <0. 0001 <0. 0001

Zhuo) XA 3stugx|et B Myl HHAxux|e] 2ele & Aoz} §leut, of

o :ate) wh7bzh #H4 sl 26 g& JIELR 12,000-40,0009 E= FH
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210,000 (proline)l WHH proteose peptone &4 itz 500 gol cis)
129,500%1.0.2 6475 %1/25 goll 3WFHTl. Wty proteose peptoned F-HIH £ Al
Heol APl zhue] HAHshjxRct 713 dolN BAlHolm wix|ZA| 7} 2
Aslris ol vl HFA MR HA =AM o PEL ujgslgdS uf A=
HAH L M3 F71ste] 30x7k0] 8.1 g/LE FHthE Uehgen olF ¢zt 7
&3t o] A= FY 219 J1EuiAl APgkol wisy 1.98] 74 Aojgr)
{E4LEE W= w5t 30-5058 FASIA, IR E o] &% AY
ol A §EAIETE FAY ] BHY Wl wihBElE KA A wwA] HHE] &
< k& VERgith ol wiAY BE BAYo g Q3] FA R ArtATo] Y
3] Relo] 2718 58] ZRel A Falzke] Aglen, FAIF] e
L2 FrjFer &MLV & ZoR uwiEgrh weld APFFIF TN

A gEARE AdaFFE BT fEiMe e wRQd BAYY BEE Y

LS =

)

228 I F7F W nlG gito] F7HE Ao uivhEe] ¥tale =

i ]

30 g/LE ZAdte] AgEsAr), vradde] 58 30 g/LE MY o] (= Zala

H

A efol A gt Thdt = (Fig. 15 dx)ol ofs)] Adsigle ul 2 Hx3te]
#ege] e ALr TA 450l A SEZ AF W 50 g/l Kt AL Fxof
A AdEste] Bradoel o3 ReltiaitE JA G R-E wwksty] gsiMolrt, wax
7] BAEAYE A ApAle] ZElel 3] A SHFE UL, 244 7o) A 0.38 U/nmLo)
3L o] F A2 WM} glo] 0.3 UmlE fAISITr o] F Hadhe FYE RHoiF
vt AZIAF 4220l 15,7 g/LE A wokom Fa gastech A
T 122 o] F of 12 g/L2 ZAdte UBHWI|7MA] fAE s AEUL 36
Aol F FAS] faste] WEWI] of 4 g/loldith. EEAlasEE WERY
3

n3E Aol FER 30Xl & 55%F vlehslal, ol F
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7F 50 g/L]l B2} wls®t FES UEhigdch oigh, #a X sewlon o4t

H 22 37 glglch o] Al s rA o] 23k ErjrtitEel A
= gl 2ol Felxedr

I AL} B AUE Table 14-162}F Fig. 24 o) LR <lct,

Table 14. The Level of independent variables

~a -1 0 1 a
X1 (temp) 24.3 26 30 34 35.7
X2 (pH) 4.6 5 6 7 7.4
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Table 15. The Central composite design for the two independent
variables (variables are combined by 2* factorial point, central point

and axial point)

Trial No. X3 X2
1 -1 -1 26C, pH 5
2 -1 1 26C, pH 7
3 1 -1 34C, pH b
4 1 34°C, p 7
5 0 0 30C, pH 6
6 -a 0 24.3C, pH 6
7 a 35.7C, pH 6
8 0 -a 30C, pH 4.6
9 0 30C, pH 7.4

Table 16, Comparison between experimental value and predicted value of

enzyme activity and cell growth.

nTG(U/mL) DCW (g/L) final
X\ X2

experimental predicted experimental predicted pH
24.3C pH 6 1.092 0,942 17.54 18,74 5,81
pH 5 0.793 0.853 19. 48 19.41 4,41

26C
pH 7 1.120 0.993 17.11 16.19 5.33
pH 4.6 0.687 0. 655 21.53 19,67 5.09
30T pH 6 1.232 1,232 19. 42 19.43 5.55
pH 7.4 1.241 1.145 14,96 14.31 6.01
pH 5 0.625 0.620 16.96 20,34 5.13

34T
pH 7 1.135 1.180 13.38 15.90 5.55
35.7C pH 6 0.914 0.909 22.83 19.20 4,98

...84..



TEMP

3570

3285

30.00

715

Fig. 24 Contour

PH

B MIO == 0276 2 S g3 e 0600 ——— 0761 - s
i 0923 e {08s w1247 - N

plot(a) and Response surface(b) for the mTG

_85_.



M £ Fig. 24(b)ollA Yehd ZAzjzo] FAHL Mo ol6 23 4
AZ2AS &5 30.6C, pH 6.50]92m, 2313 RFPA o] 93] AAYHL 1.28
UmLo 2 oFE gl =2 pHoll tigl kg o wlGe} AXFA &ol] thste] 2
AHNARPYAL 2439 uwl, nlce] A Y = 0.406745X,+1.422575X, -
0.009451 X1*+ 0.026238X1 X, - 0.169560X;" - 9.6181410]91%, AZFAAL-L v
= 1,340314X,+15.307471X; - 0.014110X,* - 0.075625X:X> - 1.245946X,° -
41.4554380]8it}, AR Z 2} nlGe] APX| 9t 2x}13] R A o] 7 ZHE H]
28E vl TG Ak At en, AzFAHLS nlu]gt xle]s} glgitH(Table
16 ¥2). & AydA Hojdos vehd 2x9 pHe] HAAHE 9)8le] St
3 ekt WEZ Y stelh. Sekaa wigdE o8 Abdd wixle] pHE 6.58
zAdstglom, 30.6CoAN 4Uzt wjeksiaict. wiaF ¥ 2AY HARHEL 0.78
U/mLo.2 RSM E-A Az} AAE 1.28 U/mLoll H|3te] 38% A elygct. gy A
2ozt EF pie 2H7) 16 g/Let 5. 524 Table 160 ¥7]¥ RSM 8214 o
Al A Blolul] fdrh B4V YA HAE 2 AfexE Azl

U H 3 pHet SEojlA IEA] wjg

3 2z dste] wWaz APE FAyste] 1 AAE Fig. 250 Uehjgc
TP da 7] AR B ofslel wioF 18A1ZH#4A] 0.3-1 U/mlo =
- &A FHEA2, ofF ngEY YHoR Q¥ wix Y upI Tagate
2 ds) gaEeylel 0.96 U/nlLE Uehjglct. whd ghare Aol FIitol
mpet F7hstm 124 2ko] 10 mg/mLo] etz WE L 7lole 39 mg/nlrtx] Z71stela,

A= w82 0.03 Umge 2l gl ARFAFE YR Tl whel Z718t

2

B 30A1ZE o F of 12 /L2 RAIFCE ALY wa7E HAH ule}

Ztasto] v rloll= 5 g/Lololen, W2 4 g/LE Leh g &Faba

H
fr

AF7IZEERE 79% o] & RASGan WRINEL FENATEE URX



el AAs] 7hABI] 484 2ol 79%E AT

T

v AYE Rolo), MM FHEE
UaUIols 88%E LIERgITh & AYolA veld A HHuAE ol &
712 wdE xe] dE@3NFig 23 H=) AT AFE HoFa Yk 5§
3 BAZAPL A HHwA], Jlewazdeld uehd B4EA 0.96 U/mLet
sdstolon, x| HAxte] A9 wlef 78AIte] Hcf FAYZhE VR, 8EA

LRSS WA

2EE7 nEL FA o BUt 18470l 30%% AR o]F FEALFEE 60%

UG WA

ntolglel. Wi 2 Aol wiepdrlol o) TATHYES Lehhglon ofF

e

o= cha Friehs BA¥E HolFoden, &EAdLsEE U7|EA 79% o] 4
& FAIstelch uhebad, ROM EA A3} AAJH 2% 30.6°C, pH 6.5 thslol Ea}
eyt Wz oA wjerida ARl wE mAHALL FUlN-E WA
"Uert Adx, mF alATh olxiriate] glel EIhrlitES] AAE ZsH= s

B 18R el E WEY West drkn vew o,

o
~ 100 T 0.10 &
R 90 [ 0.08 =
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Fig. 25 Time course of enzyme fermen-tation in optimized medium

at 30.6C and pH 6.5. @; DCW, I: mTG, O: starch, []: reducing sugar,

A: DO, A; specific activity,
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4. X} stockol 2]%t nTG FArAF
7t. 554
E I YAFLE NS £f Uog EFgsigon, ¥HL njia&Ate)

ot} conidia®] RoFe wprjROFOE AJ|E 0.45%X1.43 /mo|¢ L, Fig. 260 L}

- &
“5, Baee Sam 02468 Z4 15

Fig. 26. Scanning electron microscopic photogram of

Streptoverticillium morbaraense.

v ZAP QA A3

Streptoverticillium morbaraense2] EXIH 52 ZAI317] ¢33} oat meal
agar®} malt cxtract agar 12|31 bacto agar WA & A}&Sl] FAANALS u] 25}
Aok, XA ol 10°702 ZAulR oA 587t wjekst F FF %S FHE 3l
Arixlol A 44 wjstadch. L F3} Table 17014 RHoFE= AXHE bacto
agar Hiz|o| A Aol MY &2 k& Roch Lincoln WEZF nyEL) A
ARG wiA] HEAIZEE HAZ 1] glE] FEAAFuRAE AA BAE wiF g A
fratslob e 225t Hoockenhull e @<l Wi w4 ujg chEw)

Ag AEHE e Ede AFSAT. metd A7) Aie bacto agar 2
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x|z o] BAE 1% AL 243t FUste] 2-go] miEr] wjEog vt
=gl uietA ol6 ikg 1% 7P A EAgad wiA 24 bacto agar WiX]

& AAsielct

Table 17. Effect of inoculum quantity on DCW and enzyme activity

spore inoculum
Enzymme
concentration spore DCW L.
agar activity
. after culture |concentration (g /L)
media {(U/ mL)
(spores /mlL) | (spores /mL)
oat meal v ,
5.7X10 1.0X10 7.4 0.91
agar
malt extract v s
4.7X10 1.0x10 6.6 0.66
agar
bacto agar 2.5%x10" 1.0x10° 10.8 1.5

T}, ¥z} stock?} liquid stock?] A4 W AL vz
22} stock(10® spores/mL)Z} liquid stockS ZRAZ T WE0] 123259 B
H3tH A stock] A W HAMMALE W]ste] AIE Table 183 190 LteR)

odth, AEH stock 2FuiTh Y SHE A L= 0T WYTN BYHE A

¥

7 F ARgsigleh. AEolA] doldl Al®& SAS programs o]-&3te] 2 od B
2ot EEHAS Folalrt. A AQTIbo] Ao HjAE QS dotRI] 93t
ARz AzFA", ELEY, YUY Foll ozl p < 0.05 FE2E EiHE
A& Wsials, 7 A e Fo4x FA-E Duncand] thHEHSIAREE o834
t}. 3=} stock3} liquid stock BE A A7|7to] Zo|ALE FAMALL §-0]x}7}
e Ao veigton, A7l 871 ALbd HaAAte] AtHE & &+ 9l
gt wehA stock2: Holx 2704 Hofl Althshs Zo| nigbzstrtal HetE 9t
gt X2} stock liquid stock Rrl AR FA8F, HANAL, vl ghapzte] ¥

of
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FHA7 g o84 liquid stockBrh 8P S HA & 471 et o
23t o] 8 Xz} stocko] liquid stockz}e wa] AR ake] X2}4:(10° spores/mL)
& dFsA HEsl7] wlEo g uigtEle]Fct, 2@y} XA} stocko] liquid stock
of ms) AFdol A el WA whid fRE BFE A FYE o] specific

activity’} WS o 4 qlglch

Table 18. Effect of storage period on DCW, Enzyme activity and protein

content in spore stock

storage
activity protein specific
period DCW(g/L)
(U/mL) (mg/mL) activity
(weeks)
2 12.28+0.38"™' 1.34%0.0238° 43.96%1. 38" 0.03
4 12.62+0,23° 1.35%0,04° 43.78+2.51° 0.03
6 12.50%0.30°  1.25%0.09° 40,940, 68° 0.031
8 12.52+0.28°  1.26%0.08" 40.54%1.6° 0.031
10 13.54%0.51° 1.19+0, 07" 41,2217 0.28
12 11.72%0, 25° 1.1240.04° 39.36%x2.7° 0.029

1) Each value represents mean T standard deviation of five replicate,
2) Means with different letters (a, b, c) within a column are significantly
different from each other at p <0.05 as determined by Duncan’s multiple range

test (adbdc)
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Table 19. Effect of storage period on DCW, Enzyme activity and

protein content in liquid stock

storage protein

activity specific
period DCW (g/L) content
(U/mL) activity
(weeks) (mg/mL)
2 16.96+1,8"% 1,024+0.44"  34.4%1.5" 0.035
4 16,80=*14, 79" 1.3040. 05" 36.5+2.7° 0.036
6 14.79+1. 87" 1.294+0.17° 36.4+0.9° 0. 036
8 12.56 =0, 73° 1.09%+0.17" 29 6+1.9° 0.037
10 12.56£0.71°  0.97:0.08" 30.7+2.8" 0.032
12 12.94+0. 76° 0.97+0. 08" 30.7+2.8° 0.032

1) Each value represents mean * standard deviation of five replicate.
2) Means with different letters (a, b, c) within a column are significantly
different from each other at p <0.05 as determined by Duncan’s multiple

range test (adb)c)
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Fig. 27. Effect of various spore concentrations on DCW and final pH

in growth, -[71-: DCW, -M-: pH.

i)

Fig. 28. Photographs of pellet according to various sporc

concentrations in growth medium.



(a) : 10* spores/mL, (b) : 10° spores/mL. (¢) : 10° spores/mL,
(d) ; 10 spores/uL. (e) : 5X10" spores/mL, (f) : 10° spores/mL,

(g) : 5%10® spores/nL, (h) : 10° spores/nL.

Smith®} Calam 52 H@e] HelE 2z o] 47lx2 pEsIgc®, =

’

Dense pellet(DP)2 FHPFL=Z WHEF Q& FYFol A7 A &5 Hof

lm

213l, semi-open pellet(SOP)Z Fooll FAte]l Wojglg& 7A|3 dom, open

F

pellet(0P) & WZ m Fape) Hejs} msstcha geisteint. 4% TA+ 10
spores/oLot| 4] 10° spores/mL-& CCD-color camera(1508))E Frtisle Fig. 290 L}

ERiSich

(a) (b)

(c) (d) (e)

Fig. 29. Morphology according to various spore concentrations in

growth medium by CCD color camera( X150).
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(a): 10" spores/mL, (b): 5x107 spores/mL, (c): 10° spores/mL (d):; 5X

10° spores/uL (e) 10° spores/mL

HE ZAbr 107 spores/nl g FFI A9 WYL FUREY BExa Az
TEtsta ARl Zol: zgtom(DP), HE EAp 5%10° spores/mLz 10°

spores/ml> A FEIF 2F st I FAME 7ML AQITH(SIP). EI FE

LA 5%10° spores/mL& Foto] F7he] e Wola|(cluster)E A Q:

-

(SOP), % Exl4 10° spores/mL& FA7} who] ZEojzl

iz
K
ot
4
i
e
32
_fT_,
£

mretd HERL TAReETL Hobd 45 WY FoREe] BAM F=t ostn 9

Fig. 30. Photographs of pellet according to various spore

concentrations in production medium,
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(a) : 10* spores/mL, (b) : 10° spores/mL, (c) : 10° spores /mL,
(d) : 107 spores/mL, (e) : 5X10 "spores/mL, (f) : 10® spores/mL,

(g) ; 5X10° spores/mL, (h) : 10° spores/mL.

g 2Apo) BAGlol BF WY Helojglon, HFE x4 10° spores/mLol
A 5%10" spores/m.2 MY 2|7} 1-1.5 mm o]3} HelolA, HE EAS 10°
spores/mLol| 4] 10” spores/mL-& 1 mm ©]3}E BF FA3t BExE Bt} o] ¥
BAmIA o] At FEate]l 22 A & Yol YR Aol el W
A717F Ao & A& o 4 et Aol chddt 2A S s

E Az, T2 UF 2 pHE Fig 310] LeERJ it

7
L 61 10 H
4 o>
5 S
NN o
10 10° 10° 107 5% 107 10° 5x 10" 10°
14 1.2
12 - L 1.0
—_
:|10- —0.85
) 8 - =
= 06 Q@
= 6- o
8 4 —0.40
5 - 0.2'2
0___ L.

10* 10° 10° 10’ 5% 107 10® 5% 10° 10°

concentration (spores/mL)

Fig. 31 Effect of variousspore concentrations on DCW and final pH in

production medium. -] -:DCW, - -: activity, —B—:pH.
Ztzke] XA} JF ol iy AR FAFS o 12 g/LE v gE LEeERgl
3, AE =A% 10° spores/mLoll A 10° spores/mLe] FAMALL ©F 0,97 U/nLg

H5¥ 2 UEehiloh whebd dauxjola ] Ex} FEako] 10° spores/ml o]
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gol HW ZaAiels & Aeol7t gleu &7 =al FEol FHe A-L(10°

spores/mL-10° spores/mL)= HAAAro] Lhe 2L o £ gt

np. HEFA 719 HEBol TPt nj= 4%

nBE g Al ARl 2] =2 FERI Aihlalel PEshHe A7)
B HIF( - 10%) T2 A2 Pelrz2 9 HF 2 chaldEe Abaka Uy
gt @A olch whEld 7] AEAHNE EdE 27 AERE ZX4 10°
spores/mL2 F¥ F ojof] wlE PHALNE 3t , HFANE zAslgon A
Fgol whE Aol M HAZAE doprgltl. HF Exl 10° spores/ulE
grelAloll HE F 1047 wjshH A AzIA Y-S F8te] Fig. 320] Leh

slch.
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Fig. 32. The growth curve of S. mobaraense in growthmedium by 10°

spores/mL.

oy 24h o] FRE] FAFo] MM Frislriz} wlF 72 hite Az FARFe] A
o] st FA7ol =S o 5 dsdch uheltA iAol e HEA TS

3= Astolch thEE ol AAkE 918 A7 FEg 2abslr] 9lsh A48
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& B3Pl FF TA4E 10° spores/mLE dtod FuixlolA 14, 2, 34,

1%, 54 g F wjrIzbER Arhfzle] AERE 1%, 3, 5, Tw, 1052

2tz delsto] 47t njegsto] Fig, 33l vtehdigict.
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Fig. 33. Effect of various culture time and inoculum size on

DCW, mTG and final pH by S. mobaraense, -[1-:DCW, -

B - pH.
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AzAdA L Zdui=lolA o] ugalzte] gL 3d7AE HF L] IxolA =
S7HH F1ste BEE Rolthsl, AFeo] % olatold & WIE Ro|x] 9kok
ol EY AFAZ F, Ao wjokde] AoASE (49U} 5Y) HE FA
< 27 AERe T dAFsen, 27 HEYo] 7-10%) A 3]y
W HEROR A 94U 17 R
werg grh. BaPakg vl Boks wl HEA7] 3dsloln FEo] 5% Uuj
1.05 U/mL2  HuiZl& viehfglen] gguixjo)d wigA|zt 49, 500 AzF
A#E 3de A9 Ko} kolgov Ak A HolAA] ogttl. o] AR )
G 3dAoln, FFEE Swt HES HH HyFzAoR wtE L ZA ¥
BTEE HEA7 14, 24 B9 AFY 1s9h InolA WY A7 1-2 mo A
zojglen, FFA7 3d-5d¢e B9 HEo] EolA$E(5-10%) WY Helg 2
717V 1w o|8t2 FUF FXE Rtk WA Foil HIle AL 7.78 UAE
5.7% uelyten, HFAY] 443t 5U¢ AE FEHO F/USE Ut AL
o 4 it wely ARARE BoE FEAVE 3Ux) ARl 79 A
FTHE %R sto] ol Fo] A¥S Ayt

A4 B Bk, o

rlr

LI - o K P i R B ) Bl R B S o) B K B I (o B )

E2eE 10° spores/ml& 3Rl 3UZF wjt F YEUS 5xE st R
Jahalzl o} 225t AR E ol &stol 8zt wlokstel AzFAY, wTGAIAL,
LR F pHE Fig. 340l UehAITh 7123xbu]olAe] AZxFNPL HE 3 8
A ZFE A3 Fobety] Alsigon, ulek 5dol 13.4 g/L2 HUke el
ATk L o)F THRE obzt Zashs AT HolFgth FA WS A 7RE A
A8 FIIst.om 401771 wlG 4k §lolc). 48217 o] FRE] wlG: AJALE]
7] A 2sto] wied 5ol 0.96 U/mLE #uizhe vehigich Za Aato] yhe 484

7k piie 7.1600A4 7.76 Heloldln

o

Z gAY A goixly] A
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At wiey 3Y-497tA= pH7L ZhAsioivt. ¥ 5URE pHrt Fbelhe A
Bk w2 FelrEe 1 m o]ste] Wyl Pelojglem Fdit £XxE Rolrl
A Aol dAFS HET 8AE MM FIIsEr] A #ste]
oo 2d7kA] J]EuiA) o} nl= AE R, 2l wiek 6dell il 10.0
g/LE UEhfolal OF dAke] wte dAstolet. aae HF F 15

A A8 F7rsts] AlEpste] wjed 7ol 1.37 U/ml2 Fvizt& viepiigich. U4&E F

ot
o

© A% F 8ARWAe 271 off 7.03} W3t A 755 vEhlgla 3 ol F
FE 2d7iA]E 848 FUsldon, favt AAEE o 3UFE 79004 6.32
2 AA¢] Zashe AYE Hch A 12 Ao} HA st AR E b

¥ Azt HAF QbAoA Zaagate] 14w & A3E Uehiolch
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Fig. 34.Time course of mTG, DCW and pH by their basic and optimized
production medium, (10° spores/mlL for the growth medium and 5% inoculum
size for the production medium)-O-, -@-, DCW: -[1-, -I-, enzyme
activity: .—A~, -A-,final pH, opened symbol: production medium,

closed symbol :optimizd production medium
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Fetrolg g 74 WG 22 %Y
87 e AT 47 W RARAY B

n BN S 918 A
2 uTGel o3} A g
Fujsts olo] WolshAl HW, WEAGIN H4U 4 9t 6] o] ALY b5
Bol itk whebd, wiGe] AAdE F7MIIA SIstel WS RPN B
g 24% "Wost Arin VYA, 7140 HEE ZAsh] sl W
27) peptoned] SEE HASIL, UE F7I%E FrUA2AL wixo] BFs}ol
a168) A wolndt stpom, duNBeR Y PAALQE AR 9
T ABE FASAT 0, Y Pl E 01§t F IR 80 1lE FE

L% wjokz7] 70 ml 2¥|2] wix|o] proteose peptone 10 g/LE HE7}8lo] 30X 7t

% 714442 peptone} ofnjicit 52 o] AtiAE
3

As1A "l w67t A3 L2 acyl transfer HHE-&

ekt & 10 g/Le] BE/lAAY 10 nLe HJ) ujorsie] TAPA, ARFA, b
& F pHE &FF3te] AI}HE Table 200 vehlglct, ozl gl

FAeNE FFY BRet 7] M4 proteose peptoned FFE B &

=
]
o
o%
=

gdo] 1,44 U/nlE &/ 2T, F718442 AL ammonium diphosphates
Hejstar ol of 0.7 U/nLRct s BAEE Uehfdch & A8S B3
Zhuzb AAIRE oakg A4 Edol thgh nT6e] FrjRk-go] & AolA o] &H
AR ot o ey 2olMe IA AR e AoE AzEgch. e
L EEA ekt b el wlagt Aah, 2 Aol HAHE At
%% proteose peptoned o]-&¥ F7iAujefol R HAYE o]&3h= ZETL wl6

atel B B dE o = slglch
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Table 20. The effect of various nitrogen sources on the nTG

production and DC¥ in fed-batch culture

Feeding sources mTG(U/mL) DCW(g/L) S.A, (U/mg) Final pH

Proteose peptone 1.44 18.49 0. 081 6.08
CH3COONH; 0.52 9.95 0. 083 7.54
NH4H2PO4 0.96 15. 69 0.077 6.65
NH4CO3 0.26 10. 43 0. 061 9.56
NH4NO3 0.72 13.91 0.082 5.40
NaNO; 0.73 17.20 0.095 5.28
NHz0H - HCl1 0.68 8.82 0.019 3.57
NH,;CONH; 0.78 12.93 0.110 8.67
NH,C1 0.36 16. 29 0.052 5,46
(NHy)2S04 0.38 14. 84 0.043 5.77
NaNj 0.56 7.23 0.107 7.07
KNO3 0. 40 14.69 0.049 5,42
control 0.76 16.71 0.048 6.27

vl A¥o|ME proteose peptone I AF7[2] APEES EulE AMH JAE F
Fote] zZtztel Al AE vlasta, 718 BF A7IE sz} stgen Ay
ZAE Table 210 LERJSICE

Table 21. The effect of organic and inorganic nitrogen sources on mTG

production and DCW in fed-batch culture

Feeding source mTG(U/mL) DCW(g/L) S.A. (U/mg) Final pH
(a)
Proteose peptone 1.11 17,77 0.070 5. 87
(NH4 ) oHPO, 0.33 17.59 0.042 5.67
(NH4)2S04 0.57 14.99 0. 050 6.84
(b)
Proteose peptone 1.45 22.24 0.073 6.90
Control 0.98 15,22 0. 067 5,41
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7149 FFEYL HFNGF 7L 80 mlo] HE& FFston, HFuldFy
& /1€ E JIE FFHE ARk V1A FFHlER v TR AR
ot (a)d] A= 23 AYrhalx] RAJo] proteose peptone 0.8 g WjZ] 70 mL
of &3)sto] ujakat ¥, proteose peptone, (NHi)MPO.2} (NHi):S0.8 7z} 10 mLoj]
0.8 g& B3lste] UEAZ F 304 2tol] 13] FF3}3ct (b)e wMY=R7] 70 nLe
v x]of proteose peptone 1.6 g2 10 mLoll £-3[3}o] ujF AJzF 0, 12, 24, 48, 72
Azte) 2 ol F 5% FFstaAch tize ZAE/E 0.98 U/mbe} wimyt A,
(a)¥} ] © 2 proteose peptoned T35}l uf 1.1 U/nLe] TAEAN, (b)ubhijes
proteose peptoned T3t AL 1.45 U/nlE At]d o8 & FA HAHE e}
uiglct, AzdARE (b)dyol 22 g/LE - £& nAdEY] 43E& Raolcth w
2kA proteose peptone FFHWHL A4 AL wjdr|He] wjodd ¢ Z2
& o] shRe) 13] FFshe Zlof ol A &Y £ A= HHY WHe=

T

BrerE ot

o f7H el S 1% WA 3 EE #Y
B71 A A3 Aol miAFFAE BEUE FFAE HEstaa) gt
ZAbsto]

A W F7 e, FUAsd 2R ol Bitel] mlAE dFE

A}E Table 220] UteRIC)

Table 22. The effect of optimum medium and organic nitrogen sources

on mTG production and DC¥ in fed-batch culture

Feeding source mTG(U/mL) DCW(g/L) Final pH
Optimum medium 1.9 14.1 5.76
Proteose peptone+Yeast extract 1.9 13.3 7.44
Proteose peptone 1.85 13.1 7.6
Yeast extract 1.56 9.8 5.5
Control 1.4 9.7 6.36
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EA}p 10° spores/mlo] HEE AZA G HFY Jule] HFsiglom,

guAlol A 3t vt F ulG BAhE 1T FFo= Abg3iolch HepaA Ay

goll 2] 27 MgHul= 80 mLofglar, F7h widE 913 7d B¢t FFE wiA|
e 10 nLolgith WA= shFel 13 FFstolen, 63 Feh 1.5 ul, upxuhd

of

fr

1 mL& E3351gvt. 23S ¢3F wA|:= proteose peptone, yeast extract,
proteose peptone®} yeast extract®] X3}, H3ZF Axhnjx]ade}. A¥A Iy
EAANS 14 VLol 93, AR oA B aT B &S BAANE v

vigdch 23 AdatajAl @} proteose peptoned} yeast extractE Z{ste) I

et

B BAANAE 1.9 UnlE 7b8 ok, ARFARES Z42) 14.1 g/L, 13.3 g/L
o]glr}. Proteose peptoneid} yeast extract& TS o & FE3F AL FAMALL 7}
7} 1.85 UL, 1.56 Usml 0|93, AZZAFS 747} 13 gL, 9 g/lolgich 3
Arbaz) o} 7l A ZIIAE FFI B mihgate] Ad Fehoy, 3

AANAE R FBFE Aol wiAel B HEQ soluble starche] A
3 oz wix|FEo] YA drl. Proteose peptoned} yeast extractE Z3}s}
o] ZF3 7399 proteose peptoneFt-g FFI ZAE njas] RS w 3=
BAEY Frel AHE wkkmedct 2 EE {71 wge @ proteose
peptones FFshe WHol HFHoz AzFon, FFHPgME AW

proteose peptone?] ‘sEof wlE G8FE RAPslGIC}

g

c}l. #7138 4499 proteose peptone 5% Il
F7tx]u] ol 2] proteose peptone BE& AR ¢l TF =E A4
10, 15, 20, 25, 30 g/LE #33lg s, 2 Z3E Table 230 Llehjgict.
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Table 23. The effect of various proteose peptone concentrations on

mTG production and DCW in fed-batch culture time

Protein Specific

Concentration DCW nTG ) Final
(g/L) (g/L) (U/aL) content activty ol
(mg) (U/mg)

10 8.1 0.8 21 0.057 6.9

15 8.6 1.2 26.2 0. 064 7.3

20 11.6 1.67 26.5 0. 067 7.6

25 10.5 1.78 26.5 0. 058 7.6

30 12.5 1.86 30.4 0.052 7.8

Control 8.7 1.38 28.5 0.048 8.74
ti 272l aAAArE) specific activitys 242zt 1.38 U/ol, 0.048(U/mg)oldst
THEEE wY5F A2IALI T4 AL oAl Z¥E Uehigich. &,

T A9 77h 12,5 g/L, 1.86 UmLe R Frisieith. E ghyal ghare 3o

E7F wobgell utel golxl= B¥E Kol Folrt UE F pHE proteose peptone
%

39.6% ozl 20 g/LE HAA 3Tl
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Fig. 35. Time course of mTG production at 258 rpm, 1 vvm, pH 7.0, 30T
and 5% inoculum during batch culture, -Q-; DC¥, -H-; nlG, -@-:

reducing sugar, -[]-: starch, A: specific activity, —: DO.

- 105 -



WEIE AREHA AEE AAS ZAste) wied 4de] Az FA|gko] 13.34 g/L
2 HuzkE UYehdi o] Folle M3 Hhdhe F¥E Uehhgdct olc QPak
W 24A1 ZH5E] Fo)ste] w9k 640l 1.38 U/ml® gk UEhiglen oo
+ dgstdch. AL Wavt AYEHEA AR, A FY BF GeEs
T UIlo] o 2 g/lojqlt}, §EAtAEEE WAL AFEEA oYE HdRor A
3 Zstel wiloF 1941 78] wloF 28X 27kA] 20% o|dtE RAIBlGITE. I F A
A8l FriEe] WaWIE o 8058 FA3tct WAEZF FAY FelTRE 1 m
olstel Mo, WAF wiA ML ujofo] AREAM ujo} 5U7A] @2 wWo]
AAE FABICEL sk 6UNE 2ol FHol WAl Z4E uehjct

ANGEE 330 rpnC 8 FUMAIA e AHANE Fig. 360 Vet

100 008
® 80 4 E
60 - -0042
40 -4
-0 02
20 =

[
o T T T T L T T T T T T 0.00
0 24 48 72 96 120 144 168 192 216 240

fr

b

~
-~

Starch (g/L)
T T T
- o N
~ @ °
mTGase {UimL)

T
=3
@

T
=
a

DCW (a/L), Reducing sugar (giL)2© (%)

o
[
o
©
o

T T YT T T T
0 24 48 72 96 120 144 168 192 216 240
culture time {hr)

Fig. 36. Time course of nTG production at 330 rpm,1 vvm, pH 7.0, 3
0C and 5% inoculum during batch culture. -QO -: DC¥, - -: nTG, -

@® - reducing sugar, -[]-: starch, A: specific activity, —: DO.
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Fig. 37. Time course of mTG production at 400 rpm, 1 vvm, pH 7.0, 30T

and 5% inoculum during batch culture. ~-Q-: DC¥, -l -: nIG, -@ -

reducing sugar, -[]-; starch, A: specific activity, —: DO.
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Fig. 38. Time course of mTG production at pH 7.0, 30C and 330 rpm. 20
g/L of proteose peptone was continuously supplied for 6 days during
fed-batch culture. ~-Q-: DCW, ~-HM-: mTG, -@ -: reducing sugar,

[]-: starch, - -; specific activity, —: DO.
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Fig. 40. Time course profi-les of D0, agitation speed, aeration rate
in a 2.5 L batch fermenter culture at 30C and 330 rpm for 60 hrs. DO
was maintained at about 30%, controlled by on-line computer-controlled
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A3 & YRIISASF de2(E3Y W IS

gfdE ol YADIS=ESH diFyLt

A1dAA

A} edof wro] Ex§3H= trans-glutaminase(TG:EC 2.3.2.13)& thilag 3ha3t A
o BG4S HAT] M= A4 aARA, il Bxpe] FFEp 3]
o} gholal 27 Zhe] Jia Ay FUE A TeEA ZF AFL 24 NYS
7Hs A Bk At AAEI 2R o T vhrt v AFol gloj A '
73 Az R A $7 5o BEddeAe Ed el ARgo] sHsdhd,
EZE AE Fo 22HE AYAA st Artyt Helgl® vl=e Ax JhHssith

FAZAY nAE Fe microbial transglutaminase(mTGase)?] MAAY FEE=
dES FHOE FAWHE W FATFEECE (F 187)0lA 2 871 FFUR
2 A dE g #A ok s Friel yleidt wizh Aok 3,
dZ2HE FAEF £5 &Y o8 W sHFe] wlGased o] & A= ¢ 1
Z (Zbu &, 1995)0] Esith nlGasedt & HALE £l - AT e AT &
e ¢, B 9 A v§ Fol 714 AR ml¢ S 2bolvh. B
thE AREERE A3l BEAN R3] s AgEHe £ 3% F
ut B2l gAL AEF3 Soboll vl2A =953 ¢lom, downstream processingH]
£ W& 7 At AR 1EEA o g dF7 By A7E gk ¢
ozt F 84 o] Witk s=EIUA, FF, A, EH M ¥
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flux A3} @4 wEoll AFAtgolA o3 (UF, ultrafiltration) FHL A&
| FEFoz A w3 glong, oy FEEIPAS ZHaAAA T HHY
Felz2d & tolde Aol 713 S8y Aot 2L VARZARE 7HH =g A}
strjete 2 AF Ee o Pejol wiel EelEs Ha A FRHY o
get A 4 olew, o ol njAEo] depile] wpel ey Faxrt A
3] L US 4 vk EY 7 £ FHE scale-up AL wl, 22 FHA
o] &8 WyEel "el7] wlel 3 2A& vhA] Falof Tr) uhelA] ulAo
o W gejojabd systemE -83t0] wlGased HARjHoz el . & staxt ¢
B Ao lab-scale ZZAA 3 i ;%‘5‘1 z3& FI, o9 43"
BrEe] &4 2ol A%t Fel ©AE, ©E sE, nEEEE FHUYLEN
A & ANAYS ARstnat slolrh lab-scale ZAGYA HA £& AAmlom
AZE F¥ - 55 FPL2 pilot-scaled] AL Folo] 4 Y Ay

nCased RO $ol- 5% ¢ 4 ok 4 28 24 244 2 o A Tk

o

-

%8 & AAlstar=t stelct.
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A 24 A= 9 Py

<3 £

= ¢1tofA] A3} microbial transglutaminase(mTGase)y A|1A5-2}=]2}2] 3

P

o] BRIt Streptoverticillium mobaraense(ATCC 29032) -] wjok &
dolzl wjorg FFH4 45 2000 rpmoflAd PAlER] 3 F A AL whehuof

#AE A ez A7 skt

Starch &4

AT B2 Dubois WHE HUsIA FSTE ARE A weElste] B3R
& sta Ay ZAste] A& 2 ulef 80% phenol 58 0.05 nlE Y& F B
Ab 5 nlE HTbste] AMAA FLolA 223 WAT F B EA (SHIMADZY,
UV-1601) & o]g-slo} 488 nnoll A EHEE

Mol Tlestel A P LAt

N

gtolct. S¥Y FREUE BE F

chabd 5

Zh 378 A ojatele] vk §eke bovine serum albuming FF thiAZ o
Lowry W& ol&3lo] &Astgrt whid & 242 Sigma protein assay kit (No.
P5656, USA)E o]&3lo] Jslgich, Alge] whilzl §t8ke  Spectrophotometer 301

(Milton Roy Co,, USA)E 750 nmolA] bz el FHeE ZA3le HEE Aaksiglrh
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mTGase ¥4 &% W kinetic study

mTGasey= Oo}X|:=R E(Japan Co, )olA] F3}9l o, nlGases] B3 Folk(1996)
g HYsle] ZAslgirh. nTGase 1 units 37CoAN 187 HAH 1M
hydroxamate®¥ .8 “g2slelt}. T4 X, incubation time, 7| &%, 2%7}
nTGase®] initial velocity(Vo)ol mxl&= 43S ZA3tsct.  Vmaxe} KoZhd
Lineweaver-Bu7} plot, Woolf-Augustinsson-Hofstee plot, Hanes-Woolf plote &
Z2}2} &3 slodet.  Activation energy:= Arrhenius plot& o]-&3le] 9] 7]&7)

X g

v ofu] o3} W nlA oz A

nTGased I3t H& AA He|o (partial purified enzyme solution) T}
A 8000 rpm, 15&C% fiEeste] o FAE AAT F ojaofzHMF
microfiltration)) W ¥reJe{2}(UF, ultrafiltration)E $}3r AN g|2}F o2 on)
AIE ATt ofn] oAl ARIolA AMEH WhE GF/A, GF/D, GF/F (Whatman
Co., UsA)ete.2A Alge] Z7|7F 242 1.6, 2.7, 0.7 moln], oMz 3 F
brosilicate glass AR AzE vt & Ago] AMLEH maoiz e »E 31
Qtabrdol sizslm whe] wAL 158.3 afoldlth Al JFA] glass A ¢)o]
membrane EFQI] 2hE& ARESto] ofnjoiztE AAstTh. AMEH membrane EFY Q]
22 cellulose acetate | 2] "(Sartorius Co., Germany) Q84 A2l =77}

2+ZF 0.8, 0.45 um Q1 A& AFE-3}oict

Pilot-scale-& # 4 u] Ao 2}y
Scale-up®l ulAlofztz1e] A 3ol AMEH membrane HHIF 2:yele}
Chorgt gn) o g Ax o)X AT %35t pressure drope] Yl dirt-holdingo]

Aol UF FA A on]oj2f(prefiltration)o] 238 polypropylene zjZ 2] wf
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(Millipore Co., USA) 22X A2 Z7|7} 0.3 mQ) RS A-3H9ic).

k2] of 2} AlA%] : PM30, YM30 membrane

oA #A gtelolababs Agss] $l8iA] wlGase elofl AME-EE PM30 2R 3HA)

h

Hr

ZeF 30,000, 2 22 62 mm, 7 FHA 28.7 cn’, £ permeation flow rate 2.0~
6.0 mL/cm’/min, |t} 34 o} 55 psi¢l polysulfone AAe] wolglr  YM30 e 3

AR 30,0002 cellulosic ¥efolglrt,  ghH ARS3F wh& 0.1 N NaOH®} 0.1%
protease® 30wt AlAslolom, wh AlH ¥ FZFHLE AMESlo] 2] flux 3 o
£ sichsloirh.  PM302} YM30 2RS4} Amicon celloflA] o} 3th ol&S 0-325 psi s
5 psi WAL AFAIZE we} 25-50 psi® ZAAHEW) flux WHE SA4silch
% 2o} nTGase %o nlAi Q3g dolhy] ¢)5lo] M30 Wz} PM30 =k Ejgt

ofde] thild tewol fluxgd ZA3}%c).

Fre] o2} x| A% : Hollow fiber membrane

Mg wEol WhE 3 Telozt uhg HA ] ¢islo] onjoiE AH goS
FHAE A8 (Molecular weight cut-off, MWCO)o] 100,000Q) £-ZA} u} o] &3}o]
grejojzt sladrt. Ago] A18¥ polysulfone ®H(hollow fiber membrane(H1P
100-43, Amicon, USA)2 ®} WP 0.03n?, Zo] 20.3cm, E2] permeation rate
0.05~0.15 L/min, J% A& 1.1 mm, c} 3§ ¢ 25 psigl polysulfone =3
2] Zolglrh. ulGase #E2loll AMEH FHejojal AA¥e $E2 2AY 5 Y=
pump, 3} A, 2% 2HE 7|%& T3 magnetic stirrer® FAE Yt Inlet ¢
o3 outlet ¢S Aol A2l ¢y TEol inlet YHTE PFEA LT sl
fluxg FAstalrt. ZE AH ¥ /42 208, 0.1 N NaOHR 30 &, tix 2§
TE 202 %S AFsidlen], FH4Y fluxd FFslo] Yo fluxd 33}

o el fluxrt B 5E ] golR k),
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grej o] x| AN : Lab-scale$ TFF(Tangential flow filtration)System

Scale-upg 1% 3 Tz} 2US M3} sl A E AN L9
NI 5 AR (Molecular  weight cut-off, MHCO)  100,0002} 30,0002
membrane(BIOMAX 100K, BIOMAX 30K, Millipore, USA)Z} %t2]ojzlr]Awl(Pellicon

XL, millipore, USA)& ©]-&3}o] %]3 TMP, Pressure, VCRE o}k Qir}.

Pilot-scale A LRAE o] &3 A4 $FHFF H A3}

A gejoyzt wto g MFE  MWCO 30,0008 ¥re]ojz}utg o]L-3lo] Frelofu}
stadct. Ao AF2-E (cassette membrane Biomax 30, Millipore, USA)L u} ¥
WA (0. 1m?, Zo] 21 cm, Y] 5.6 cm, F7] 1.5 cn® E2] permeation rate 240~
540 L/hr/uwf, Z|tfTMP 7 bar at 30C, +82% 4~407C¢l polyethersul fone 2}3
o] wto g Zre]ojz} A A¥(ProScale 67/20, Millipore, USA)L o]-&3}o] mTGase
ol bRl & AAlStAT). Inlet 3} outlet ¢4 2e] xpolr} ALl @1y wiEo)
inlet &Rl Lo g 7H23fo] flux B #3F TMP, VGRS &33ldc}t. RHE
A F, SHF4E 208, 0.1 N NaOHE 30 &, vl $/H4E 2087 42 133}

. E2FY fluxE &4slo] dald fluxd E33sto] flejel fluxy 32

S obugit.

Pilot-scale ujjot
2 dZoME  AHiAFzelel xSl #RE Streptoverticillium
mobaraense (ATCC 29032)& 30 L Fermenter(KFC, Korea)olA] nTGase& trjekAlAbs}
drth. WA FAAZH Fol 2 nl FHF4E Ao ¥ AL 93| bacto agar v
EALE Aol FEste] 30°ColA it

A Al 3U 7t vjoFgt ¥ Glycerolz} njord- #ENN(3:7, v/v) 10 mL liquid stock

2o =akste] 27 ColA 5-78 I F

cultureg YhgEo] -20TollA AAstd o, Fujofajoict AjEE liquid stockS
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A&ttt olul, 250 mL baffle 42t ZelA3E ALR3lo] 80 nL wix]ol liquid
stock 4 ol FHEstdc}l. alx] L glucose 5 g/L, MgS0, 1 g/L, KHPO4 2
g/L, proteose peptone 2 g/lLo|glor Ad F pH 7.02.% 30T, 250 rpmofA] 3
b REuiegstolet.  nlGase AdE 9Isto] JdniRlollA] niokgt & Aahax]of
5% JEstglom, Arhx] A4E-2 soluble starch 20 g/L, MgS0s 1 g/L, K:HPO4 2
g/L, proteose peptone 20 g/L, yeast extract 2 g/L, PPG{polypropylene glycol)
0.5 g/Lojglrh, oful nje} 27 A Zz FUste 447 vigsidct, A
AajRlof A dojzl @FAE 30 L fermentero]] F1AMF-pA| oA dolzl 2 A 3hu)=)
#2739l soluble starch 50 g/L, proteose peptone 20 g/L, NaH.PO4 + 2H,0 1 g/L,

MgSOsy 1 g/L, yeast extract 2 g/L, Soy Bean 0il 23 g/Lo& FAH Axhn)z|o

5% &5l 3Uzt wieystgict. i} A &7) pH 7.0, Wit = 30T, wu

B

5 200 rpm@ & B} AALES 1 vwwnl B F3]5}o] working volume 20 L& wjok

stalct.
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Perfiltration system Pressure control valve

Retentate §<]

"] Permeate
Membrane

| 1 Module

Q Pressure

gage

" Feed Tank

Fig.1l. Schematic flow diagram of the UF module
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A 3A A} L 3

1. Microbial transglutaminase(mnTGase)2] kinetic study
7}. mTGase?d] 2ot 7] % (Vo)

oy oA mTGase?] L& Helsto] 7|23} WhGAIZE wl, nlGased] 7] FEL
B o wlgsle FUBICHFig. 2). FAAY AL fHE XAW R she 14
RBrog Lewo] t]it Vor} first order reactiond WlBITl.  Michaelis-Menten’]of uw}
2m wh] §4-7]3 9k (uni-uni reaction)olA 7]22] %It n]§ & AMEloAg]

1E SEt A4-714Y H53A ¥4 sl vleste) F7RICE  nlelr, nlGased] F=

2,50 o s s
£ 20 y = 0.0499x \
3 R?=0.999
> 150 |
2
g 100
3
>
® 050 |
=
£

0.00

0 10 20 30 40

MTGase concn.(mg/mL)

Fig. 2. Effect of enzyme concentration on initial velocity. mnTGase
concentration was varied from 5 to 40 mg/mL, One unit of mTGase was defined

as 1 M hydroxamate formation at 37C per minute. Absorbance was detected

at 525 nm,
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U 4 g AT 27 S5
Folk(1966)2] Guinea pig liver2%E &3} TGase?] A ZAWo] uwled 7A3}
37ColA 1087 WA ¥ E1) MAHE hydroxamate?] gM B5& TGased 1 unitsQ

2 osia gk & ARolxs 1082 WAL F, thi 127 iHg 458 Faky)

& WUt SR o dolry] fisle] WHg Al wE 27 428 HHsATHFis.
3). 1358 102717 fhe} 78S 2424 WS 23, 27] kg 2 9k 7k

Al es 71819 rHR2=0.999). uwletM, WEAIZE AR wheh 4R Fsio

Mgl o] & 4L 7] 4g Ao Algsch

0.80 e o o e e e
y=0.045x + 0.0558 g
_. ose R?=0.9987
2
[~
= 0.40
8 ;
2z |
.‘? 0.30
o
o
g 0
s 020
b=
£
0.10
0.00 : - - : j
[¢] 2 4 6 8 10
Time(min)
Fig. 3. Effect of incubation time on initial velocity. nTGase was
incubated at various time from 1 to 10 min. Enzyme and substrated

concentration was 10 mg/mL, 1X10-2 M, respectively,

o A9 st 27 4%
%27} 10 mg/mlg] nTGased tlokdt 713 %% (5~100 mM)ofja ¥REAHE uf, 7]&
57} 40 mM7ER= Voot 2A83] F715le] first-order kineticsE whelz|nt, 60 mM o]

B A sRodAE 7148 w2t SR Vort AL FIskA] o} AAAtEE U
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ERfl¥= zero-order kineticsE wlBItHFig. 4). 713 %% 40 mM2] HeloA 7| 5=
off Bl#l3lo] mTGase?] Vo7t 7lsHe 2 nTGased] kol 3] Arjgez 714 &
7b ghob & UejA Fa-71de EIRE FAshstl Alxte] ol £Q%7] wiioltt.
Fig. 49t 2ol 7148} 52& S7M7IW 2k Aol 4% = Alo] SolERE T4
o} whe) ko2 Nhg& eIt ) ol vleslel Fr13ich S 5= 60 mM o]
Aol e Hal Hil&rT) Vol 2sllong Ao BE ulGasert 7|4 Ha4-7]A

BblE B4R gk Ae £33 4 Qrk

0.50 r
0.45
0.40
0.35
0.30
0.25
0.20
0.15
0.10
0.05
0.00 : : ' '

O 20 40 60 80 100

Substrate concn.(10™ M)

initial velocity(Vo)

Fig. 4. Effect of substrate concentration on initial velocity. Substrate

concentration was varied from 5 to 100 Mm, mTGase concentration was 10 mg/mL.

2k, Vaax2} Ka

Fig. 38| AE i3t Ay plot W& AHESIo] BHI Vet Ka T2 F312
Z} 1oty Lineweaver-Burk plot-& o]-&38le] 1/[S.12} 1/[V.1¢ke] HFAE 28 1}
ERISLE wl(Fig. 5), A2 Y HHL [/, X AHE -1/K,, S uislg 2 w4
A} Y= 56,945x + 1.662BEe] ¥ Vi, Km%l-.% 74zt 0,602 pM/min, 34.48 oME ALY

FoltHTable 1), ¥ T} plot #¥H¢Ql Woolf- ugustinsson-Hofstee A& A}2-3}41-&

- 135 ~



(Fig. 6), FA Y UL Vi, ¥ HBL Vau/KeZ U322 24 b Y

-0.0342x + 0.6016 22HE ¥} Viax, KaZbS 212} 0.620 pM/min, 36.31 mME AL
9ltiTable 1). Hanes-Woolf ploto]l 2|3t M| Y HME Ka/Vaay, X BHE K2
B Vi, KoZbZ 22} 0.602 xM/min, 34.20 sMOZ AAEQCHFig. 7, Table
1). wehd, FEY plot WS APk 2ol YR Vay, KefhZ A= il 3
f3kcla AlgRsc)

40 || y=182.11x+2.3947
R?=0.9988

Fig. 5. The Lineweaver-Burk plot(l/v versus 1/[S]) at 10 mg/mlL mTGase
concentration. The intercept on the 1/[S] axis and the 1/v axis is -1/Km and

1/Vmax, respectively
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Intercept =Vmax
ooo | 4

y = —0.0342x + 0.6016

Intercept =Vmax/Km

v/isl

Fig. 6. Woolf-Augustinsson-Hofstee plot(v versus v/[S]) at 10 mg/mL
mnTGase concentration. The intercept on the v/[S] axis and the v axis

is Vmax/Km and Vmax, respectively

y = 0.0016x + 0.0582

G.15
Cd
<
-
0 0.10
—
Intercept =—Km 0.05,

S — 0.00
-100 72/

—0.05
[s1(10® M7T")

50 100 150

—

Fig. 7. Hanes-Woolf plot([S]/v versus [S]) at 10 mg/ml. mTGase
concentration. The intercept on the [S] axis and the [S]/v axis is -Km and

Km/Vmax, respectively
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Table. 1. Determination of the Vmax and Km value by various plotting

methods.
by L-B plot by W-A-H plot by H-¥ plot
Ka(mM) 34.48 36.31 34.20
Vaax( 2M/min) 0.602 0.620 0.602

o}, mTGase?] ] 4 &%

4T 71 w2 B BE SN Uk 2ol whE nlGased] g &K=& MR
23}, A2 20ToA] 0.20 units/min®] FEE Uehld Zo] =7t Aol wle}
initial velocity® Z713l0] 60Col= 1.00 units/min® 8 Xufe] #AE Jehjgrt
(Fig. 8). L} 60°C ol&e] 2ol Voot FA3| aslel 65Col oM 0°CoHA
o} vl BEE vehidch 27 FUMESE 1S S4:E ¥ SRk 25

Fo2 MgEY %5 ouA|(kinetic energy)E F7/IAA REEEL] thl A7ty Aak

%,

2% (productive collision)& F-E3C), R4 Fu] LT oo} Hixily F4E B

in)

chily Fxjo|ng o]ge] Znl B4L R-1FY 84 opito g FAE glon 73
of chyt AFFSIeh ) FE Bshe 32 Fxo) s T Bl Ak
o 32t FE Aol ot W v FRAULE Hojgle] A HIHER UF w2
U= & JF-2Fe FrsiA=ET 32 27} wAEe] B4rt UPHER Jnf BEE
QAECE  Fig. 8oJA Uehd Zlzt Zo] 0~60T WelolAl 2527t F5io] whe} nTGase
o g ST TA Frlehe WA TAe 71HZY Adle] FUlele] Fuf wbge] Ty

3] dojily] wiEolm, 60TolF FAHY W &= Zde 2o 85}of nlGaser} WA

N

H%7] whgoleh.  whelA, nlGased] 2t By 2=+

[=2]
c

0CE weielgle).
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120 e e o e

0.80
0.60 |
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Fig. 8. Effect of temperature on initial velocity. Enzyme and substrate
are incubated at each temperatures for 10 min, wTGase concentration was 10

mg/ml.,

vl #g 3} o]

HlE A HESRTE Tatge] BAYS) oux|st ARe] whom BNkl QlojAy: B
5 ouR|7b W2 He kg L2t of whErh %o wie} Keglo] sk ujite] RE
LxojA 4 714 HErt Faeh Mgt ¥ 4 glom iR B4 Fuf kg
Ae 2=7h Hie] wiet 2} vhes] gkt oy 7B g o] o3 Vaw Flol @
2R BE Arrhenius plot& F3) 43t olUAIE AAIBIgcKFig. 9, Table 2). A&
T 2xolA 1/T3to] T3t log VZEE UERA Arrhenius plot A 22} )2 %o
A HE AL AT glod uF FAE Rox] et B oA Fade] &7
7b Hshd o] o] ¥ wANAM iR WAR P of Vel ¥ilE o] 2
(transition temperature)o]2R Fig., 9ojA] o] =& AM2) 7187171 vigE 37T
E whgs|glt.  Table 20f 23PH 0CoIA 37°C Alol2] Eay gkt 37CollA] 60T Alo] ]

Ea; 8] 27t 9.974 cal/mole, 4.577 cal/moleE LER} 37°Co|slo R} 37°ColAke
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LSxoA Wge] F o) o w2 dofdthe A& & 4 algich

60°C o] ¥l mTGase’}

HAET] AlRBle) WE 427t FA3] HASIGCRE nlGasel] ) B &Tx= 60CY

2L et it

0.0
2io 2.4
._0.2 -~
-0.4
-0.6
>
o]
2 o8
-

A2y

A441y=-2.1824x + 6.6967

2.8 3.2 3.6

-1.0015x + 2.9052

0 Low Ea(2)

Loss of activity

| High Ea (1)

Fig. 9. An arrhenius plot.

1/T(K™)

The activation energy, Ea, for a reaction was

determined by measuring the reaction rate constant at different temperatures

and plotting log k versus 1/T.

Table. 2. The activation energy

T t
emperatire 0~37 37~60
()
Ea
9.974 4.577
{cal/mole)

AL 222} nlGase®] QHg%

Fig. 83} Fig. 99 A}2H¥| nlGased| rf] &3

off slolM B ohet
ELEHe

o}

Ao

R My SR3NE )
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& IR RS0 40T oo o] HA Zhasiden 60TAHAME 2] B4
9] 40%7kE FAISHSICE.  Incubation Aol whE wlGased] F& BAAE& FHI Fig. 11
A}

©F Vet  Incubation 587 70CE A 23t RE &%ofA] nTGase

rlo
k3

oA, 4B %ollA nlGase?] incubation AJ7to] EJ}3lol wlzl wAel oHEA
7;\1 = ==

7} eHgslel o), 208 Aol 10T} 37 Co ARt nlGase} 90% o] 4o HAL 64
sholon, 60°Cot 70T & Hado] 40% n[ito R UEht o] 2&ofjMe] &4 ¢HY
gol mi-g Wt Ao wielkwiolrt.  uleld, wiGased AFoll 388 uf 40T ofste] &
sollAl Wkl Zlo] H3sirial |, nTGaset WIEly: 28-& 3H= protease
8 HH 25Z wshe FAlol nTGased] g U b0l Ml H& LEE AYshe

Zo| HighEsittal Abgdrl,

-] o R .

80

60 |

40

Relative stability(%)

20

0 L 1 )
0 20 40 60 80

Temperature(C)

Fig. 10. Thermal stability of mTGase at various temperatures. Enzyme was
preincubated at each temperature for 10 min followed by reacting with

substrate.
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Fig. 11. Residual activity of mTGase for 20 min. Enzyme was preincubated
at each temperature for 5,10 and 20 min, respectively, followed by reacting

with substrate,

2. WA B3t A Aol BY S o] 8T A Rz A7
7h. uF WY Qbeo] wHE flux W3}

P30 wg AHglol 0.1% nlGase 94 o ReISie W, o BT ol WE flux
W} Fig 1200 UBRIGITE  RE ¥ B9 gesiold 0.1% nlCase §4¢ fluxs &
uTh wokon] uf Heh g 0o E X SIS wieh 25 psiolARE B 2k

AZE e flux HE Yol ti2A etk whe deRE w1 Fok RS i)

ﬂf,OIN

7R A, o 15 psiclA fluot Al &gsgen o B ddddE 2]

Ashlth, oloh g WAL W Edo] AW A 3o Ue W ¥y 5
ek W % HY ot 2ol ol ANWHE 5U H TWolNe] 81 1
ol wtom 4R AFe) WEE Iuk w2 Utk W, elofd B Fe 7
FY o Y o] FUhEel wet whe Baske B 457 webd flwot F718)
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A HTh WL 15 psi o4k &E W HRE ol wiwiel A Fo] BAE] flux
7h e3ld fa Zlew weisleh % e oS 25 psiffE HA AR A,
o w7 2ol il A% HAl FAUAE W nlGased ol oA Wl o
B S A AASIER Ao fluxdt A4 Z08 F2Y 4 glodth. W30
kel flux% PM30 =z} fa}gt A3kg vehfodcHFig. 13).  YM30 2R AM23)o]
nTGaseE % welslglS ul, o ek ¥ 15 psioA] Ao fluxE ZAHY 4 glon

15 psi o]dol A= 48] fluxst Astelch

&-- 025 psi

—@— 25— 0 psi i

0 é 16 15 26 26
Transmembrane pressure (psi)

Fig. 12. Effects of transmembrane pressure on mTGase flux using PM30

membrane. The concentration of mTGase solution was 0.1 %(w/v).

Transmembrane pressure was increased gradually from 0 to 25 psi as well as

decreased from 25 psi to 0 psi.
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Fig. 13. Effects of transmembrane pressure on mTGase flux using YM30
membrane. The concentration of mlGase solution was 0.1 %{w/v).
Transmembrane pressure was increased gradually from O to 25 psi as well as

decreased from 25 psi to 0 psi.

. gt zjAe) whE flux {3}

Fig. 14= 4 ¥ & 25 psizhA] AA3] AaA2E of, M30 =z} PM30
2] flux W3E JEY 2otk F = BF 15 psiol A i fluxE el
o, 15 psi 013 gPol N fluxst Axl Z4asigdch. 15 psi o8}e] v} g
otefofl Al YM30 =] fluxz} PM30 =) fluxe) w]3) o] 9kovn}, 15 psi o}4te

dHo = 2318 PM30 2He] fluxr} o &9kt
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LMK {L/nf/nr)

0 5 10 156 20 25

Transmembrane pressure {psi)

Fig. 14. The changes of flux as transmembrane pressure increased from
0 to 25 psi. The concentration of mTGase solution was 0.1 %{w/v). YM30 and

PM30 membrane were used.

4242l YM(cellulosic type) & whijalate] Faejo] njL ulo} 42| 34
o] &2 W, PM 2k d[o]&/d F¥ A (non-ionic polymer)ZA] A4 DER}
=850 "ol A FHE = B4 72 ok whebd, W2 o ek ool A
= M0 e 2 & IS W whid FEAPOE QIste] PM30 wiir)
flux7b ©f A Uelstovt, o Felrt dage] wiel o Fdo] b2 whild o)
B8E Fole Heo] shid FAYRTe v Fgo] o3 fluxyt o Y

ors PM30 2kl fluxyt o &A SAHATIL &8 4 gt

ffo

R

fo
Mo

- 145 -



20.0
18.0
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Transmembrane pressure (psi)

Fig. 15. The changes of flux as transmembrane pressure decreased from
25 to 0 psi. The concentration of mTGase solution was 0.1 %(w/v). YM30 and
PM30 membrane were used.

Fig. 15 9 ¢t Y& 25 psifE] A S of, 30 22} PM30 o)
flux W3S JA Jgolrh.  wf Jek ko] Hagel ulzl £ 2 fluxe 7
£slglEnl, ol W EeAl F5Y¥eE sk o] Zastes] wiEolr)

T e stollAl PM30 o) fluxyt HUT TAZAFE 7H M30 o]l wlsf ozt
d A UElskedl, o]#gt flux ol o A 2A] QA== pored] Z7)7)} 1wt A
Hol whz} depz|7] wiEelrt. dwtHeg wM 2tRc PM o] o wlE fluxE U
Ehll=d], W&EZel A EA}8F(nominal molecular weight cut-off)& Zbx|ut Al
A pore A7|& PM30O] O & = QOB Z Fig 14, Fig. 15014 K& Az}

Lol PM30 2 flux7t o] A Uehd Ze2 #hers] gt
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t}. &=H](VCR)o) u}E permeate WU retentate U 2] mTGase B %

mTGaseZ} PM30 % YM30 4}& Esh=x] oo}k 7] ¢]3lod permeate®} retentateil?]
chilal =wE BAsledci(Fig, 16). %3817} 1o)A 6 VCR(Volume Concentration
Rate) & 271%lo] whel YM30 23} PM30 ®ke] retentatel)] Thal garo AHx} 7FASL=
Wb, oS B perneater] Tl FRE 32 pgolld 161 pgl 2 of 5uf F7t
stelok  whebd, ehte]zb A wel wiGasert TAEALE 30,0009) H& MM F
ke Ao BIF T}, nlGased] Hx}ekd 37,000 £F0 R o 2AIOE FMAREA}
30,0008+ Fab & ¢ §UAIRE pored] FU7F b AfAe] ulel Welr|7] wiwel, ThE

—

2iid
o

2lof kg ARESIA APE Hysigich

Protein amount {zg)

Fig. 16. Protein amount in each permeate and retentate of PM30 and
YM30 membrane. UF process is continued as volume concentration ratio(VCR)

increased up to 6. The protein concentration in each permeate and retentate

was measured by Lowry method,
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3. ooz Q uA 2A9 HA
b omoizte] @ uAodz o2 T HE &7

160 oo

Optical density(750nm)
o
@
=1

0.60 =0.0036X+0.3341
0.40 | R=0.9924
0.20
0.00
50 100 200 300
ppm{ug/mi)

Fig. 17. Standard curve of protein at 750nm,

gde ey w2F FH7] s FYE 750molM EFTHE 24 T
ZA3NFig. 17), Y=0.0036X+0.3341 HA4-E& VA2 R=0.9924¢it}. Baffle Flask
E ol&slo] Wi S A9 AU of2poye] e ake 568 g/Lolglon)
ou] Azulg ¢xyeg EshAAM 561(2.704m) g/L, 5.15(1.60um) g/L,
4,57(0.70 zm) g/LOZ 1.30%, 9.29%, 19.55%7F 212} ZtAgiom, njyoiue B
A3 AT = 4.14(0.45um) g/Le} 4.04(0.20 um) g/LE 2}zt 27.2%, 29%7} 2tA3%
t}. (Table 3.)
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Table 3. Protein concentration of sample that permeate different pore

size

Cul ture Membrane pore size( pm)

condition Sup.'’ 2.70 1.60 0.70 0.45 0,20 PryF

Protein conc, Flask 5.68" 5.61" 5,15 4.57 4,14° 4.03° 0.0001

(/L) Fermenter 10.07° 9.84" 9.52° 9.33% 9.24° 9.05° 0.0001

Flask 0,00 1.30 9.29 19.55 27.21 29.0

Decrease rate

(%) Fermenter 0.00 2.30 552 7.35 8.27 10.11

D Supernatant of culture broth
Y Means of 3 replication

abc Means in rows with the same letter are not significantly differnt by Duncan’s multiple

comparison at p<0,.05

Al Felgh Algel 2.7um, 1.6 umhS Bopgh AlTe whld ghefzte] fofat
= glgdont, 0.70pm, 0.45um, 0,20 zmetS E23 AR} 159 Fox
(P€0.01)E R.olch 4 FeIgh Algof wla] wjAoizpats Fapgt Ao ey
kol 30% g A o

o]
X
& SIsIA R3] wjEog wiekdct
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Fig. 18. nTGase fermentation in a 30 L fermenter.

0L YEZ(Fig 18)F o83 ulefole] B9 daliel F @ojn oiztele] whuy
A R 10,07 g/LE flask #|QFOR ol oizpelnr) Thily geto] Horom

o] oixmts Exlyoez  EIshAA 9.84(2.70m)g/L, 9.52(1.60 pm)g/L,
9.33(0.70 xm) g/LOZ 2.30%, 5.52% 7.35%7} 24z} 7tAsiow njAodzute =

A3 AlE= 9.24(0.45 £m)g/L} 9.05(0.20 um) g/LE ZH2b 8.27%8} 10.11%7}F 7k A
ot LEXRE o] 83 wdA flask wjokedz} niztyixz A Ealzh A =e)
2.7pm, L.6umits S AR thild akzte] Foat= ¢lgloL}, 0,70 um,
0.454m 0.20um™& FTHIY Algebs 1= |4xHP0.01)E Rt Ui =
mjFedo] flask vl Bt gl ghafo] whe o]fl ZES) AlAT I3 FU
anto]l FA| FAle] d & n| Ao uivkdich  wlebd 2.70um ¢ 1.60 xm,
0.45pxm 9} 0.20xn"tS T3t A8 Hole F2x7 9™ B}, 1.60xm 0.70 »

m, 0.45pmatS Fhe|o{ 25 Sh7] 913k ofln] WA AR MAsteict
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U o] of3tef gl mlA ofzjde] BA BE FHA
e BaseE £33 ¢lslx

| FHZE 525nmol| N FF
(Fig. 19), Y=25.05X+0.02 #A|4& Ao R=0,9996 ©]gicl.

4
r>'
o
)
oX,
rO{
m
i)

080 ¢

0.70

0.60

0.50

0.40

Y=25.05X+0.0
R=0.999

0.30

Optical density(525nm)

0.20

0.10

0.00 B e e
0.005 0.010 0.015 0.020 0.025
r-glutamyl hydroxamate Conc{M)

Fig. 19. Standard curve of mTGase at 525nm,

Flask ujerele] 79 4l ojzjale] & A B 0.75 unit/ml o]oL} ofn] of
zhabat mlaloiiebs expA o g EstEA 0.67(2.70 gm)unit/ml, 0.62(1.60
m)unit/ml, 0,54(0.70 zm)unit/ml, 0.51(0.45umlunit/ml, 0.47(0.20 zm)unit/ml 2
o] Ao}, 2 g BB EE 0.12 U/ng protein® @ A&7t xjo]7}
$SicH(Table 4). ofujojzbu} ml mlAoj2juate gt AR Eae 7t A4S
ol Bl A4 ¢ES uisls v|BAE E(specific activity)Z} ZH4A3}IX]
UL o= AN TA HEY Zrd H&o] FAMY] wlEolrh, AR 4]
B2} 2.7unttE BT AR H4 ZEE Foais= ¢lodony, 1.60um 0.70 4

m, 0.45zm, 0.20zm2}tE FI8 A 8= 129 F-2x}HP0.01)E Rt}
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Table 4. Enzyme concentration and specific activity of sample that

permeate different pore size

Culture Membrane pore size( zm)

condition Sup” 2,70 1.60 0.70 0.45 0.20 Pr)F

Enzyme conc. Flask 0.75™" 0.67™ 0.62™ 0.54° 0.51° 0.47° 0.0001

(units/ml). Fermenter 2.24* 2.01° 1.88° 1.81°1.79°1.70° 0.0001

Specific activity Flask 0.13 0.12 0.12 0.12 0.12 0.12

(units/mg protein) perpenter  0.22 0.20 0.20 0.19 0.19 0.19

YD 500 footnote of Table 3.

Wz wjorelo] A9 Al ojztele] FA LTl 2 24 unit/mlE Flask ujjorel
o] Basn Rot o 3u] A% Eokon ofu] ofubat MFhE A oR F3el
MA 2.01(2.70m) unit/ml, 1.88(1.60um) unit/ml, 1.81(0.70uxm) unit/ml,
1.79(0.45zm) unit/ml, 1.70(0.20um) unit/ml & A8 ZFA8ch ESE zF A 729
HloEE o el -9 0.22 U/mg® Flask wjgyRrt =71 g3hon, o]
v HEZ ool Flask mYRTE o W& Z4E Aitsy] wjEes tetdct, o

Blofabut gl MPehg B2her Al wigEs 0.20(2.74m, 1.64m)3} 0.19(0.70 »

i

m, 0.45zm, 0.20um)% flaskijofel R} & =58 Hgr]

ch. olu] ofzhe] W nlA] ojFtele] gAY AE =
Miale] P AR E 6TsE A sle /M8 ARE Hae) B 4A Y F

Fluxe] 2048 ze @ 4 Qlong oujolzt 2 uldolzt thAlolla 2|5 ofoksh

oh A Ak 27 b Sog/lolglon], wiek F AR MR HEE 57
sl7] SlslA BT 8t RHESNE A @ ATHFig  20),

- 152 -
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Fig. 20. Standard curve of soluble starch at 488nm.

A ofztele] M U 25.68 g/lolglon), o] oAHE A OR F3
shwiA 23.8(2.70 4m) g/L, 22.0(1.60 um) g/L, 20.8(0.70 um) g/LOR 7%, 14%,
1867} 2pz} zaglom, njaojabete F3RE A&+ 19.6(0.45 um)g/L2t 18(0.20

pm)g/L2 232t 23%, 27%7} ¥4 3IcHTable 5).

Table 5. Starch concentration of sample that permeate different pore

size

Membrane pore size( zm)

Sup"’ 2.70 1.60 0.70 0.45 0.20 Pr>F

Starch conc. (g/L) 25.6*  23.8* 22,0 20.8° 19.6° 18.5° 0.0001

Decrease rate(%) 0.00 7.19 14.31 18.86 23.45 27.7

D~2:5ee footnote of Table 3,
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ojate] AT B uw) 7Y ALY s0x nAB Tz Fof 4= AAY
El ol ¥ QuEe Aol AARGen, =T ou] ojzbutat mlAjo] zhutol
osiA 137 AA= AT weld wx HE F REg At shey RS
ghelo{2H(Ultra filtration)o] o|¥h Hae] BelgAl 2bhol o Ede] FE2ql
B50% Flug 242 4 QouE, st uixe AR Tug 2PSAY,
Ee oulodal TlolN BES TR AA ¥ 4 Q= R 2AS HYY Yo

i,

4. oo E o]-£ nTGase?] &2
7}, FF AP (Hallow fiber membrane) $tejojz} AjAw]

1) oF8 W3lo] uwE Ag =¥ 9 Eelx

HldS drefojzt MEoA(Fig. 14.) polysulfone 22l PM300] 15 psi oo ¥
oA 444 YM30(cellulosic type) BT} fluxZt &4 FFEglen, whely A% gt
olojzt AARl] FHLIMsdE #HAUSH] 98] A2 polysulfone e F-FAteh(HIP
100-43)& o] &slA AR =¥ flux W i APE FAsglch st npE
Zb A R(5%, 10%, 20%, 50%)¢] fluxE FHZT A 27t ¥& 45, ¢ J 4o
T flut F7istglen, v el ool Frstolm fluxst o oA F713kA e
Aol AR kol uwhel Wilth (Fig. 21.) 4 A& ¢e]el 5 psiolA] 50% A5 A
218t Al&ZE flux X}o]7} 0.5 IMHH[o] ol ont, Hof A& ¢l 25 psiofA: %A RE
JNFEL08 w%y) 2v), 4ul, 100]E FURbe] wal fluxrsl 19%, 40%, 47% H4319dch
EZh uAlRoME 25 psizhAl fluxZt Al Aol 7MA  Frishe Mk, 2 99
ZoJA& 15 psioA mass transfer controlled  regioni} pressure controlled
region® % EElo] sEof utet A gk ¢relo] wylrh AR o ARy
sob o et ofdef vl BRIt WETE, W B Yol w&4E flut FUMIAE

o, oleld ¥4 Y2 v=Y wl 7 EHolM & HAZo| vton ol AL F
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L 5ol ot Atk qkejoly] wlRolrl. 5% AR ol2olA UF ¢le(15 psi) olAJolA
ot Algo] BAGe] of ofAt fluxst 7481 ¢+ mass transfer controlled region
o] A=, o] oA fluxrt wb Fride] nigsla] A= AL wh Ryof
e 2 HHOR Y R BT Talo] wAsl FEY o Huh elelg A
71 wlgole}.  ulebr nlTGase®] ¥R tE uelsld& w scale-up A Alrjd w] g4l

9] 7Fsdol & 5% ABFENTE 105, i 2082 87} vl AEsteleta wieEch

Flux (U/nf/he)

0 5 10 15 20
Pressure (psi)

Fig. 21. Effect of sample concentration and transmembrane pressure on
flux. X: 5% sample solution, A: 10% sample solution,

M 20% sample solution, €: 50% sample solution.

2) 5= Wjo] W ey Wy g

Fig. 22004 R FgAbujol ofs) Hel® AR SE(5%, 10%, 20%, 50%)%e]
de] T SEE 506 A% Helolg Aesine vden rlstdon, 20m
AR B 3¢ M3 v WY YL 15 peiZ UEhdth Ty AR BE

7t 50%Q] B9 2818 whid o] Zasts AAE UelYon, ok 1 &
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o Aed4s we widol o Fuoly Ue Yosin WY B 1t g3
7} As o] flurt BaRgs] BEelTh, olgel AT & © FFANGL YT
U 15 psiclH AsEe] AEE Hel & A9 4G AoE Urhtoy, 15E
o ARE Ao PUsuE AU U AoE uUT Y. wely

scale-upA] #-§ 7hs¥t A& o3} AlARlE MAste] AL $3ysigict.

700
650
600 |
550
500
450 |
400 +
350
300 |
250
200 : :

5 10 20 50

Sample concentration(%)

protein contents{ppm)

Fig. 22. Protein contents at various sample concentration

U}. Lab-scale TFF(Tangential flow filtration) systemg o]-£3F 3
grojoizp FA A
1) H5H[(VCR)oll whE H&AIZH 9 fluxe] W3}

ool atoll o) walE Faog gkeloizbube] o Hel - FA 1y 93]
TFFR21 2] MICO 100K9F 30K 7 F-F-o] grejojztutg o]&s1gir). WA 100K §Heje]
42 target Y4l nlGased FHAA £Ao] nlGasedrtt E ThAEL ©
A A A= 13§ E AX S MICO 30K 3re]od2putg AlRSte] 1x} Hal®
Belog wEA7E 34 A gsiar,

100K grejoizpute] 3 TMPE 2183517 ¢ls)A 27 1(Pin 1.5bar, Pout Obar)}
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221 2(Pin lbar, Pout 0,5bar)E vlagt Az} & TMPR AN A B fluxE LE}

e 23 1% 34 2303 AT Fig. 2304 R A4 27 nAofz}

o} 250ml-E 100K Zrejo{Ato & 5n) H&sh=u] Az A7 0.8 hrojglon, 2

Zto] whE Flux®] W3}5 AW R (Fig. 24.) A|7o] 3245,

of

=

o

I

NP5

flux7} AstE= #B4& Vehiideh B4 fluxi= 5 L/nf/hr & F4E 9ok

Flux cor {Imh}
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Fig. 23. Change of flux with concentration time, (MACO 100K membrane)
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MWCO 100K %telojztutoll o)s] 1x} £-8]¥ permeated MWCO 30K ¥rejojzjuto g
TENES U A3 100K TR} o &2 fluxE UehI ou) 5%
742 Al A7 9a] Ay vEEglom B fluxrt 23.3 L/m/hrE 20) o] 4t
Z A% 9t} (Fig. 25, Fig. 26) uwhglr 30K gtejeiziwto s Hal¥l retentatel]E

proteino] F&HTH= A& A= vehdcia & 4 gl

35 - — - —

Ny N [24
(=] o o

Flux cor [imh]

o G e g S

0.00 0.10 0.20 0.30
Time [ hr]

Fig. 25. Change of flux with concentration time. (MWCO 30K membrane)

8 &

Flux cor [Imh]

5| |m-row|

1.00 10.00
Cong, X

Fig. 26. Correlated flux at various concentation rate.(MWCO 30K

membrane)
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slel A3 27} THE MiCO Rl NETOBA Relold 557 A%
Al HEe|FH e e dE & 4 ek

Fig. 27 MWCO 100K¢} 30K gtejojz}utol x| inlet pressureo] whe fluxe] W3}
& AHE Aot} F grejojzint BF Qo] Fulgtel uwiel fluxrt AP LR

F7khe e o 4 AR ole FF 2 scaleuprlof] P2l AiFEHT) 7}
=R
=

Flux(LMH)

0 5 10 15 20 25 30
Pressure(psi)

Fig. 27. Effect of membrane pore size and inlet pressure on flux,

2) %FH](VCR)o]| w}E permeate?] ] mTGase &%

ojlod 2batel] os) HelH nlGase ZHAMES TFFA] 2] MICO 100K ¥+ejof2batg
o]-&3te] FHulo] whE Fatoye] v U, TAFE W HBEEES ST 2
2}4= Table 63} Zth.
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Table 6. Protein concentration, enzyme concentration and specific
activity on permeated solution during ultrafilteration with MW 100K

membrane

Feed(ml)"’ Permeate(ml )% Total® (mL)
250 125 42 20.5 12.5 200
Protein contents(g/L) 9.05 4,53 5.89 6.16 6.64 5. 80

Enzyme conc,

{units/ml)
Specific activity

1.70 1.07 1.15 1.23 1.29 1.18

0.19 0.24 0.20 0.20 0.19 0.20

(units/mg protein)

V! Permeated solution from 0,2 zm membrane
): As each volumetric concentration rate(VCR), permeated volume from 100K membrane

3 Total permeated volume from 100K membrane

Al&2] %7] volume 250 ml ©o|gl.om, MWCO 100K Fte|ofziutg B3l & 8

flo

200 ml, 1¥|sl 5uf HHE FEEE 500l ojgich. wiMei el 23] Eel® A&
Ty gheke 9,05 g/Lo|gl oLt MWCO 100K ¥+e] o zbupe BIRE A|ze] whayjd
Fare 5.80 g/l ZAstrh H4 wSE nAofabtel] o) W ARy 7
2. 1.70 unit/mlofA] 1.18unit/ml & ZrAslel o), H|BAHEE Eeldy & Aojrt
dgrt, ANFeg ulMoiztuie) os HeH HAEEE 4250/250ml0] oLt
2]
(=R}

M

MWCO 100K 3rejoizput-g Eshdal 236U/200ml ZAStgom, A= 44.4%
mTGase7} MKCO 100K ¥+¢] oj}ehg& Fapstx] Rola 5uf wHdol HFste A

Lhetytet,
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MWCO 100K 319} ojzjube Za] Ha]® A 8= MICO 30K §re]oiaputg o]-&3lo]

Lzl om 1 A= Table 73 2l

Table 7. Protein concentration, enzyme concentiration and specific

activity on retentated solution during ultrafilteration from JOK

membrane
Feed'’ VCR?
200mL, 2X 33X 4 X 5X
Protein
5.80 5. 50 5.55 6.00 6.64
contents(g/L)
Ehzyme conc.
] 1.17 1.20 1.24 1.30 1.48
(units/ml)
Specific activity
0.20 0.21 0.22 0.22 0.22

(units/mg protein)

Y: Permeated solution from 100K membrane

2 . Initial feed volume/Retentate volume

Tthalal Fhekal F 40 HEi= %Eu|7} HolA4E 5 50(2VCR) g/L, 5.55(3VCR)
g/L, 6.00(4VCR) g/L, 6.64(5VCR) g/L} 1.20(2VCR) unit/ml, 1,24(3VCR) unit/nl,
1.30(4VCR) unit/ml, 1.48(5VCR) unit/mlE ZF7}glon, #HAL H|FAHE (I
0.20(feed) U/mg proteinollA] 0.22(5VCR)U/mg protein® Z7}5}9lch. MWCO 30K 3t
it o] -85l & nlGase: 1.48 unite/mlE &2 #HL 7123 gle
L, 0.20um ulAjojbubs B33t AlHe] AA%T(Table 6, 1.70)RBT} thd Wol
FHch Ao MICO 30K grejeiztrte] 23] H&HH ALNLE FH&u|7t FI1%to
mel Zx w=IF S5k FAE Baou, Ea] ¢EE Uehib NEYEE
BEHY] FTlolx B3t Aol A ¢llct.

o]%g2] Aol A KHF MWCO 100K gre]ojziute] 2J3F Fejoll glojA] 100K 3heje]
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hatol 23 T 22| £&E 55 E2E UElyy] wiel, olgyt EAE
A3t <l Fel 3B ezt Wag BAasigden, ALEelTE Y scale-up
7Fed& sty 413 pilot-scaled] mlA] oj2pafz} Fjojzpubg A}g3te] MY
< A3stelct

5. Scale-upAl®] AL ulyoizt W F@ejojzt NARIGA HA uhig
z4 &y
7}. Lab-scale 3%tAl 388 ©haid 3

30L fermenterolA] njrgt wioFel& ofu] ofzput, ujMle{zt W 30K ghe]ofzhu}
& o]&3te] AL Eeldt At vheat Zrh 271 on] S aAwhAI] 4 (0.7 »
m) T e 7.69 g/Lolont 0.3um mlMoizekg BablEA 7.14 g/LE

Z#28cH(Table 8).

Table 8. Protein concentration of sample that permeate prefiltration

and pilot MF system

0.70" 0.30" 30K* PrOF
Protein conc. (g/L) 7.69% 7.14" 3.96" 0.0001
Decrease rate{(%) 7.13 48. 45 0. 0001

Y permeated solution from 0.7um, 0.3um pore-size membrane
2 pormeated solution from molecular weight 30,000 membrane
¥ Measurement of 3 times replication

abc Means in rows with the same letter are not significantly different by Duncan’s multiple

comparison at p<0,05
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oujoizt Al A 7.13% e A &ado] glglom, Ex}jak 30K Fteojziutg A
A A ) ek 3 96g/LE 50% 7hrto]l Z4strh 0.7 pweb 0.3 um pore
sizeE TR AT o ghRrztel] frelate qlalout, FAba 30K 3ejoiziut
& T AEE 2= FXHPO.01)E Ryt o] ofzbug BRI AR
of ulsl mlMloizbatE Fahgt Ajge] whilA haro] 50x Rk A o

Fol & A Eo] mMeatE FaelA] EIJ] wiEelth 2abdE Aol

—

e w2

2,70 um, 1.60xm, 0.45um 2} 0,20 zmt-S B33 A E7to)e 82 2}(P<0.01) 7}
qlolel v, FEAY weE 93iA 0,70 um, 0,30 znS IrRjE Bt ¢

gk ou] dAe] AR A3t

1}. Lab-scale 3%tA H2] TAY §4 %
30L fermenterol 4 wjeret wjerelg: ofuloz}, mlAlolz} W 30K¥S]of kg of

&sto] Fel3 A3 BEasE= kgt ZcH(Table 9).

Table 9. Enzyme concentration and specific activity of sample that

permeate prefiltration and pilot MF system

0. 70" 0. 30" 30K ProF

Enzyme conc,

1,48 1,34 0.62” 0. 0001
(units/ml)

Decrease rate(%) 9.3 57.5 0.0001

Specific activity

0.19 0.18 0.15 0.0001

{units/mg protein)

D8 . gee footnote of Table 8.

abc Means in rows with the same letter are not significantly differnt by Duncan’s multiple

comparison at p<0.05
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2] ou]oA AN M (0.7 pm) FHd S 1,48 unit/ml o] 21} 0.3 4m 1A
olZtetE BHIEA 1.34 unit/mlE AT oujod} whAloA] 9.3% HA &4
o] glglom, Extak 30K TJztg AWM FTA $EFE 0.62unit/mlE 58%
7t7to] 74819 Th nTGase?] Ex}aFE 37KE o|2H o8 Kx|a} 30K 3te]ojzbute
S " 4 glov g AF B, oY, &, Ayl AE%E, 4E3 5 s of
g folol] oA T} shesin, oyt EAE WAE] s M Hajx
A& AL, EY A 30K Tefoizutg B SAe g 10K 3hejof 3}
Hog s&she o] Wesith 0.7 un®t 0.3 un pore sized B3 A 89
Ha HPTol FAHP0.01)E glalen), EAle 30K ejoizbute Balyr A8
2te =9 RoXHP.01)E Rych v ksl nparix g o de] Adolx
2.70pm 2} 1.60£m, 0.45m 2} 0,20 pm}& B33 A| B 7ol 821 xH(P<0.01) 7}
AL u, FaFFY wedE A 0.70 um, 0.30 0T TS s} 9
3 o] AAe] ©AR A3tk

0.74m, 0.3 pows BT A8 AL #A  Feko] 1.48unit/mle}
1.34unit/ml 2 5%A18] Ee|38& A e 48 22 1.8lunit/ml(0.70
m)2} 1.70 unit/ml(0.20 pm) R} FA FdFo] Hgor}, FHAe ¢£EE ehys
HE g2 23 0.19 unit(0.7 #m)/mg protein®} 0.18 unit(0.3 zm)/mg protein
2 5%HA B33 AXY 48247 0.19 unit(0.7xm, 0.20 gm)/ mg protein
oF A2 YT FES Bl ol AT B uf i E s1y] 93 AH g
FELE ofnloizt 9 Mol GAE 59A TN AT HoE F4Y
= o Hal] HBEAEEE Alol7h QI%7] wlEe] 2vtAl £ FHol Az W nj&w
oA HEZ ey velyrh EZ A 30K oAt Algste] thaa )
HAE TS ul &ARko] 505 ELE Uelton, olgfdt &g Fo)y] 9

e 2xo vfE Y RIe

(]

z43tel, 4 Bol exolN Ralg +ushd

Ba EUE AA 59 4 0 AT W], pilot-scale P2o3}t Aol

Ax

- 164 -



ok pilot-scale Q&EAE 91 HH Belolz} Aam A
a4 el s 9ls] AlRH wrfolbute 2apdm bl AT AT} MICO 100K &2 o]
ajube S2het A2} 2% ul ol ukpore size 0.45 un) & FIEE Ao] FHol7)
o} Eaetol olo] ATHY RXIL Gl 2% LB MiCO 30Ke] 3helo] 2hatrbe
o] &stalrt. pilot-scale W% Fg] ol A8H njMozbete UF BAHA
prefiltrationo] 4 3}8F polypropylene 2]Zl2] ¥HMillipore Co., USA) &2 A] A
2] AZ7} 0.3 mS 2 Fig. 282} o, 31ejo]7}A] AELLS (cassette membrane
Biomax 30, Millipore, USA)-2 2} w3 0.1uw?, Zo] 21 em, Y] 5.6 cm, T
1.5 cm® 2| permeation rate 240~540 L/hr/nf, Ztf TMP 7 bar at 30T, &
X 4~407C2l polyethersulfone xj-2] 1z} A] 20l &a+g =8 3 & gl 2P

2 ®A Fig. 299} zbch

Fig. 28. mTGase separation in continuous MF separation unit.
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Fig. 29. mTGase separation in the continuous UF separation unit.

Mz 0.3 pm o] YO T target H el nTGased B3}A]HA Ex}aFo] nlTGase

Hrp 2 ¢hAES 12102 AT MICO 30K 8o 2jatg A}g-3lo) 13}

=1
ZH FeldE FFAIE TS HE3te] Bl

1) =8 T™MP
30K ghelojzbebg zhan Aol TMPE AAst7] l3lA olgl 21& wlaste) T™p
= ST A3t table 103 o] uielylct,

Table 10. Membrane Flux at the variable TMP using MWCO 30K UF membrane

Condition
1 2 3 3-1 4 5 6 7 8
Factor

Pin (bar) 2 3 4 2 6 2 3 4 6
Pout (bar‘) 0 0 0 2 0 0 0 0 0
Temp. (C) 23.7 240 24,2 24.83 24.3 13.6 13.9 14.3 14.5
TMP (bar) 1 1.5 2 2 3 1 1.5 2 3
Flux (LMH) 41,32 52.91 62.11 50.02 90.09 73.48 83.75 105.9 128.7
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i

& 2EIE e 2EFN 22 A flwd dehd 2A0e 22 49}

BN
™
=

o] 2]

)

AEE 3rojol2pa 28NS ol Z A (operation pressure 1~5 bar)

W Az (pump FEY F)E& A A3 AL Qragal

[

dgt =

o

LE

jio

EY

o] 7Hedt TMP 2 bar® 1x}2<]l TMP W9l E At 22 TMP 2 barE Zh= 2

A3z ZZA43-1(Pin 2, Pout 2)of|A] fluxE A3}

2 27 3(Pin 4, Pout 0)ofA]

e TMPR AN A & fluxE el o] A z2Ao8 MAstec)

2) %=H|(volumetric concentrate rate, VCR)ol whE 25 b g

Fig. 302} Fig. 3loflA R ZAY 27| njdejzte] 5 LE 5nl w&eh=d dd
A2 0.55 hr, 109 w53h=u] g AJZR 1 hrofgltt A2l wlE Flux2] ¥
HE AR A Zte] BESLE, wFo] AYHSF fluxZt AstEE I8 et
Uiglar 2xo wE flucs %7 YE&e5 52 fluxd YERST] B fluxis
F&(24C)olA 41,4 L/mt/he, A2(14T)olA 72.4 L/mi/br2 FAE Qo FS
sampleof| 4] MWCO 30K grejojajto g e&Alygg 38 A3} 14Te] A2olM ¢
B fluxE UERGaL ol w&571A] el AI7E oA 45% ©HEElon W
flux7F 72.4 L/m/he® 1,59) o]ab &23Egr).  whapa] MECO 30K 3F2]oiziuto g
8 Al W& 2xolxe) £2lJ} nlGase I ELE &oleul FIF Ao e}
ogt

18] AxE A nlModzbet 1.7 um, 0.3 zm?] couple systemd} |2 grejo]a}
HF MECO 30K Ftejof2ubg AMERO BA] s&olla] He|7x] %Al 3vtA uhi g
FAol Tt HAE 4 AUk
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—e—Avr. Temp, : 24C
~H-Avr. Temp. : 14C

Flux [LMH]

0.00 0.20 0,40 0.60 0.80 1.00
Time [hr]

Fig. 30. Change of flux with concentration time at different

temperature. (MFCO 30K membrane)

“—e—Avr. Temp. © 24C
—M-Avr, Temp. © 14C|

Flux [LMH]
38

o

VCR

Fig. 31. Change of flux with various concentration rate at different

temperature. (MWCO 30K membrane)

3wt Ao ulE &= flux W3}
Fig. 32%= MWCO 30K 3t&]odapulofA inlet pressured] whE fluxe] HIE AMH
2 Adzjolrt. A¥ A gtgol FUigde] wiel fluxrt B oex Frlshes 2E o

% 9185 ol B4 scale-upalo] MHH AUTFEHY THs S HATTIR
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fia
s
52
sk

~8—Avr. Termp. : 24C |
140 | | —m— Avr. Termp. © 14C -

Flux [LMH]

000 10.00 2000 30.00 4000 £0.00 6.0 7000 8.00 WO

Inlet Pressure [psil

Fig. 32. Effect of temperature and inlet pressure on flux.

nh Qgggeld welelzivel AR A

BT 1Y B costE AHSHE Fiol Bel systens] U7 F23}
membrane ARH| 802 £2] F nembrane®] zJARgoiilo] whal Aabulgo] we o
J¥ch 2 Ad¥olAe wHe] 23 ¥ nembrane?] ARgojREZ #Holsly

i #2]%3 3 membrane?] NWP(normal water pressure)& &A3sl1 Ealza =

o
o
jmi

4

Ol

cleaning #}3go] Tt th3 membrane?] NWPE Z43dlo] 11 A}o]E 231 membrane?)
A& -5 HstgTh. (Fig. 33)

AR A3t FF NP ZhATL 39.3%7) wdslgl o) AA) sampleo] TiEh flux
ol Wstoll= Aol7t gl Ho® veht A TR Lol 2 ez} gl Ao

ks ol
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700 o e e
~4— Before Operation

600 | | —W— After Operation
50

T ,

= 400

=

¥ 30

[
zm -
100

0.0 Q.5 1.0 1.5 20 25 30 35
TMP [bar]

Fig. 33. Changes of NWP according to the temperature and the TMP,

ul. Pilot-scale RFt]o{z} AJAglo] 2J3t w42 F2FA)

u Mo 2H0. 3 pm)tol &3] EHel® wlGase RAANE Cross-flow filtering'¥y
2] 2] pilot-scale gte]oitufg o] §dto] Fe] W &Y A3h= Table 113} Zrh

AELY 27 volumed 5L olgjom, Q&45AOT 2VCR(2,500 ml), 3VCR(1,670
ml), 4VCR(1,250 ml), 5VCR(1,000ml), 1OVCR(500 ml)E is=3pH A whya grekyl
B2 BES ZRsIA0h wlAlolnn o) Felg ARe] whd UL 714 gL
olgert, wEHHIVL gobd4F T oS BN AR wid kol
9.89(2VCR) g/L, 12.57(3VCR) g/L, 14.26(4VCR) gL, 16.48(5VCR) g/L,
20.36(10VCR) g/LE F713t9th R4 HEe nAoizhael] o3 Held 252 %
- 1.34 unit/mlo]glont, v ez} npasiAR HHu|7l goldaE Fel¥
ojzfdel FA EE 2.57(2VCR) unit/ml, 3.88(3VCR) unit/ml, 4,54(4VCR)
unit/ml, 5.52(5VCR) unit/ml, 10.19(10VCR) uite/mlE Z7}8}l= FME Rolr}
Bl sl AL 0,18(feed) U/mg proteinollA]  0.26(2VCR)U/mg protein,

0.30(3VCR)U/mg protein, 0.31(4VCR)U/mg protein, 0.33(5VCR)U/mg protein,
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0.50(10VCR)U/mg protein® Z7}3tadct. ojate] Azl= oH3] 443 nlGased] o)
CHE: e A Eo] B&E T 9SS o 4 2L}, lab-scale® §rejoiz} HEgjaAw
of 5] TelH HA2] TA ol v T vs] IA Zrlon], ozt

el et 5 48 Tafe JHed e AlAbshach

[

Table 11. Protein concentration, enzyme concentration and specific

activity on retentated solution during pilot ultrafilteration from

30K membrane

YCR"

Feed” X2 X3 x4 x5 X10  PrOF
Protei ,
rotemn 7147 9.89” 12.57° 14.26" 16.48" 20.36" 0.001
contents(g/L)
Concentration

38.3 75.9 99.6 130.6 184.9

rate(%)

Enzyme conc.

1.34% 2.57” 3.88% 4.54Y 5.52° 10.19" 0.001
(units/ml)

Concentration

91.8 189.0 238.2 311.2 659.1

rate(%)

Specific activity

0.18 0.26 0.30 0.31 0.33  0.50
(units/mg protein)

i Initial feed volume/Retentate volume

9 Permeate solution from 0.3 zm MF membrane
¥ Measurement of 3 times replication

abc Means in rows with the same letter are not significantly differnt by Duncan’s multiple

comparison at p<0,05
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A}, Pilot-scale tejojzaf FajAlAxle] whujd ol §49 3 54

Pilot-scale ¥tejoizpu} FejAlAvde] b & B4& vehd Zale Fig
34~363} Zrh A ksl EEu|zholl Y=1.4047X+7.5971 HAAE Ao
R=0.951431¢it}. o] &3 A= FHo|% 10VCR 7HA|= vl ey} Ayl unla)
Z71ME & 4 glen, A7) mE Flux A3} #4to] AlslAl Wslx] ok W9
olA HA 5& vt DA PE AR @ 4 et

N
[3)1

8

—
[#a]

R-0.951431 ;
Y=1.4047547 8971 |

-t
(@4

Protein Concen.(g/L

2]

o

Fig. 34. Correlated protein concentration at various VCR

kol

42 7-9 Y=0.96270X+0. 6638 FAA-E dglom, R=0.997874F A2] Ao
7t7be- ZA¥E UeRct pilote E2] 3tJol} A ARLE o] 23l HAE Ha

U B 5% Tl oSS HAUYE YUY HEE 5FEES o F AUrh

- 172 -



no
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S D

BP9 Y=0.032X+0. 1851 HAAE Lglonf, R=0.982284F LiElRiT).
ol =48 nTGased W&l & A% %% wigvl Lol 5 vEY =T FUgl 1)
S olRE o 4 9om, BF 2 £ FTAE AASI] $13) 10VCR o] 32
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g t
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Fig. 36. Correlated specific activity at various VCR
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A 4 7 MALA SHHNAANE 0|88 54013

Ao JISHMM S RSN

A1 A AA

AE TR Je S S e FULR Yol o] &3 e AAR
v 2 2AE Ay er Adste sy mi4ot FstE od
7t F38 547 elvh(Kang, 1984 Kim, 1992). 7l 38 &4 F ¢f
XA Ql transglutami- nase(TGase, EC.2.3.2,13)% waly ol #Eloje &
2} glutamine 2t7]2] ¥ -carboxyamide 7]%} 2Z}E 2 ofql zF2] oAl
(acyl) Holib3g& Hnf 3slo] whal W F2 ol Ao e-(7y
-glutamyl)lysine 7}i2 A3H(GL 2 A}A3)E B3l A S Z33to =g
A AL FAAIE FAo|th(Soeta, 1997). TransglutaminaseZ o]-& 3t
A gelE R & casein, soy protein§ it 22 A FTH AL o] &3=d,
oluf HEEHE geld YT} hardness?] FIUH7F Aol gkt (Nio,
1985). 53] TGase A 2|2 7o] HFAHEA o= whael A3}l Bxt olfe}
T el 2 dA fatdeld] ey Az, udd, iy, ueds
1 el B2 A o =S Frhax Raga et AE spgl

m]

N

N

el BE e guinea pig transglutaminase (GTGase)?] Ar¢gd 2 Ql o] &
2 4 Aae] B vl&o] EAJ Hgovl Streptoverticillium
mobaraense?] ¥ o] A A AL o] A& A Y FA9Q

transglutaminase(TGase)2] W7 o|FE ZHAZe EA7 sjd5 o] AEE

ofoll A 2] &8 A7t Bl A5 9lth(Ando, 1989). u|AE Hefe] o] &
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v TEAAM £ TCasedts TIEA Hg o I¥E A d: #
& HAEY Hazte A, EY $F Y TGaseo] vls] do Wiy <t
Asti, 2L pH HeE Y& BEHS A 9} (Tsai, 1996).

f

APFTAR ALEE HAF transglutaminase:= ¢ -( y ~glutamic) lysine
7185 AYPSI= HAE casein W bovine serum albuminz} & HEA A
oy EY W RN geld FPAIE Aog & A glrH(Nio, Motoki
and Takinami, 1985, Nonaka, Tanaka, Okiyama, Motoki, Ando, Umeda and
Mori, 1989). Glycinin®] 79 TGaseE ©]&3}o] gel& A3} glycining]
AR FEY gl @ 4 dom ol HPS Hao A glycining] Bz}
b2 THAYel FAMEGYSE ¢ u|gtr}(Chanyangvorakul, Matsumura, Saka-
moto, Motoki and Mori, 1994)., %! transglutaminase® ©]-23t geld EHE
BolE WEHE Ty dol AT geldt vl3tAE W EEH Figo] F4H
RAE E 4 9adri(Kang, Matsumura, Ikura, Motoki, Sakamoto and Mori,
1994). Dickinson 53} FaergemandS-2 thilas G3letAA R o]-&3t emulsion
gel 32dA], transglutaminase& o|-§3to] Aol HFd=E= chajde] ut by Adg
ZRAAA offgMe] ek o) 7ojgtcta K stedth,  Soeda(1995)%- n|AEE R
B AJAitE transglutaminased F72 FIRAUAARZ Hriste] AzsfAd Fatel
FHEY AL E wYsiglen, YR HAUNFAHZ o] &8 4 AU WS A3}

T

o

hacind

2 Ao\ ME Streptoverticillium mobaraense oA A Argr njofoy o o H
B i AT BAE o]&Ste] vy AT AEY] A FH4E =
AL o] &L VHEAE HAE A &8 £ dE= WaE AAstazxt

ch E, AJAEZES €oly A UESF st 2L JEo] 9



Az A AE R Py

BIFES FESUATHZRE FYsto] AREste] FAYE ol &AM
A(118 £3)& FeElste] AR o83t Hiof o3 el st A
g Aol ol&3 AT 4o ¥A ¥y, B-lactoglobulin, a
-lactalbumin, ovalbumin %2 sigmaolAl F¢l3ted B whAGle] A}-&3teict.
o A5t Aol AM&¥H §-F T (whey protein concentrate)2 iU -4
ol Al F-Ftol H7Fe] K (lactose)= HA F AJHE o] &3}t F why
e utyd 3} (maleylation)o] A3t maleic acid &= sigmaolA F93le] A}
gstodom, FagA o] AL-&3 ammonium sulfatels Junseirl A EFEL o] L3514
ch 5] Mgle] Ab&E Ao} W FH4LE 5FS ol &3tden 9] F
Al AGLel ol-&staict

Streptoverticillium mobaraense -f-e]2] transglutaminasets #AEu)] A&7
gftoll M flask WS F3ll LAt wld A& Aol & Ful FABtA o

gstolon, 1 u9be] AefE sigmacir FUT HF 22 A&

Glycining® o9 w3 s}

Glycinin®] £3% -2 Shibasaki and Thanh (1975)2] ¥hH-& Wa3sle Ry

¢
—

A

ArhFig.1). #FFFE ball nillE& o] &3 niRF Aor 64]2H5<t
hexaneol] W7l%o] ®©x]¥ J}FE 0.03 M Tris buffer(pH 8 0.01 M 8

3}

-

-mercaptoethanol, 0,02% sodium azide)ol] o] AlRolA] 24 7FEer 2

=z
By

A28 rH(10,000g, 30min, 4T). 35 YREE #3Jte] 1 M HCIE L3}

H6.4% W3 ¥ 4CoA 24417 wAstelth, o] $o& th dalEestol

o]

7hetok2 HAEE FFFl 59U F ChAl NaOHE AHE3te] pH 7.5 - 8.02.%
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Bt Thiol old A& Y ol WHEY F FAARSY AMgsHATH

R i ]

Transglutaminase 42 Folk WYL H&NA SAstgich 0.5 M
Tris-acetic acid(pH 7.0) #&8&dMo] LR3JA[Z] HAY 0.1 wlE 0.1 M
CBZ-L-glutaminylglycine 0.2 mL, 4 M hydroxylamine(pH 7) 0.05 mL, 0.02 M

EDTA 0.05 nLE Yol £23IE 0.5 nLE w34r}. o] vhgEFES 37 CoA

102 7F ¥k A1 %l & 15% trichloroacetic acid 0.1 mL3} 0,1 N H,S04 0.25 mL&
Hobsto] wbg-& FAA L AAAZch Jela FAEC] AL F i Ee

2 AAYL ¥ EFHAEAE o] &3lo] 526 nmol A FHEZE SAsATE. T
1 unitys 187 1 gmol?] L-glutamic acid 7 -mono hydroxamate 7} A E=

Yo Axstct.

A A

Streptoverticillium mobaranse @& transglutaminase?] A}
0.005 M ¢] sodium phosphate buffer(pH 7.5) 200 mL o] Z A E HH3] =9
AFol WAHA A=F st AL E (5000 rpm, 10 min, 4T)3te] wjA| 2 A}
|d /9

fto

A AT BE5ANE Aol anmoniun sulfate Wol 40%
2olA 12 HAEE Hesta, 0% sxolAd 23 FFAES Qo
transglutaminase ¥ 3tgvt. 8 EE& v}l bufferd] o FA(0.005 M
sodium phosphate, pH 7.5)%F S A A X3l RFELE AMESF T}

Ion Exchange Chromatography(IEC)S o] &3t A

Table 1ofA] RojFRo] IECo] ol-&H JFIAEALZ Fol LRI oM

Sepharose CL-6BE o]8&3}gitl., &% buffer®% 0.01 M sodium phosphate
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buffero ] 0.5 M sodium phosphate buffer7}z] 7]&7] -22](gradient
elution)& stglon B&Eo] U2 Ztzte] 23 EAAEAE o] L3}

280 nnofl 4| FBEEG Zgsto] Halshairt,

Table 1. lon-Exchange chromatography condition of transglutaminase fraction

Column 1.5 ¢ x30cm

Temperature 4°C

Resin CM Sepharose CL-6B

Pump ECONG Pump (Bio-Rad)

Flow rate 1 mL/min

Detecter : 280 nm (Jasco UV-570, Japan)
Eluent phase 0.01 M sodium phosphate buffer

0.5 M sodium phosphate buffer

IEFE o] &%} transglutaminase?] SA A el
A8  ANYT(Isoelectric focusing)E& AH&sle] nmAE  Feg

transglutaminase?] %A 3& olo}R gkr},

e
M

Isoelectric focusing PhastGel systemo] pH 3-9(Pharmacia)®] 2]

1

& 4= 9l gel(PhastGel IEF 3-9)& o]&3laitl. A& UL 2 w/UEE

Jt

FH|8to] applicator& o] &3l A RE loadingTt¥E oF 30&7F AsfAIZ
¥ fixing solution(20% trichroacetic acid)ofjA] 587t ZAA )
Wash/destain -2 (methanol : acetic acid : ZF4=3 : 1 : 6)& o] &35}
257 gel& HojFIl stain £9(30% methanol, 10% acetic acid in

distilled water and 0.02% PhastGel Blue R, 0.1% CuSOy& ©]8&3le] 1082t

S AEt T wash/destain €W O F 1057 &3},
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SDS-PAGEE o] 8% FAx T

AA 7zt A transglutaminased Leammli?] “Wdoll uwiel 4%2) stacking
gel2} 12%2] separating gel & o]&¥ AP FE HASIATE 15 mao)Hq <
1A1ZF 308 AAAZ ¥ commassie brilliant blue R 2508 & o]&3lo] ¢
AF acetic acid : methanol : H,0 =1 : 4.5 : 4.5 (WVV)E & LYoy

g sglct.
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Soy flour(ISP) 0.03M Tris HCl buffer(pH 8.0)

L | |

Dissolve soy flour in buffer(10%)

Stiring at room temperature for 2Zhr

Centrifuge(10,000g, 10°C, 20min)

|
| |

Precipitation(ppt) Supernatant (snt) : protein
(cell wall) |
pH adjust to 6.4 and overnight
Centrifuge (10,000g, 6°C, 30min)
Supernatant ppt(11S)

Adjust pH to 4.5

Centrifuge(10, 000g, 6°C, 30min)
Supernatant ppt{(7S)

discard ‘
Adjust pH to 4.5

Washing with D W

Centrifuge(10,000g, 6°C, 30min)

|

Freeze drying (7S)

Fig. 1. Glycinin purification

Washing with D. W

|

Adjust pH to 7.5-8.0

|

Centrifuge (10,000g, 6T, 30min)

ppt(118)

Freeze drying
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wha g

Bradford & W& ©]-&3t protein assay A]%f(Bio-RadA})& Al&3lo] &3
stath o] MWW ulBe proteing FHUS & WPLE WAL 27}
of utel el BHOET WHSE Mo WE PYVEAE o gstel 595
nmol X E3FATh A2E FEUNAT & WY Y¥U(BSAE AL ©
04 Fg 3% shach

Glycinin®] g d s}

Glycinin®] wWajad3l= F 715 (soy flour)o] ot Tris buffer(pH 8, 0.01 M
B -mercaptoethanol, 0,02% sodium azide)?] H|&& It] 158 3}o] 3A| 75 AL
of A AR, IAlE2](8,000rpm, 10T, 20 min)E 3t} FEUE B thio 1
M&] HClE AF&3lo] pH 6.4% A3}, LAIE2](10,000g, 6C, 30 nin)E 3}
BHES st ool AT bufferE AME3le] 3 wHEsie] Hojg &

[N

maleic anhydride& A}&3}o] glycinin®] lysine?}®} maleic acid& wH2A) At}
ek o] lysinex} W3t whejel oF2 TNBSH-& o]&sle] B oz Har 3
gdrh ¥kgo] FRH AEE BMF FHAX3I Rustch

%

O

ezl g

0.1% TNBS Alof& FH|sto] W& XA efol A AR&stolct F g TFehy
AE BSAE AH&ste] 1, 2.5, 5, 10 ¥ 15 pg/nle] €A whE F Zhzbe] wEuh
W Aol 0,1% TNBS A]¢F 1 mL2} sodium phosphate buffer 1 nL.& Y3
0ColA 2AI Mgl wkgAZ Tl 1 nle] 1 N HCIE #7sle] ¥he& F8A17 ¥,

340 nmoll 4] EHEE &8l glycining] lysine Zt7]9} vig3t wyd A&

od

% stalck
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B3E &

pH 1olAFe pH 137 ZASlo] glycinind} Lad3t® glycinin®] pH H
23128 dolRgtrt. pH 1,03} pH 2.0 Clark - Lubs $+&-891(0.2 M KCl +
0.2 M HC1)& Al&3tel o) pH 3.0004 pH 8.07F2]+= Macllvaine $+3-8-98(0.1
M citric acid + 0.2 M NaHP0;)& AHgstgdct. pH 9.09} pH 10.0=
glycine-NaCl $+%-8o1S pH 1104 pH 13-& sodium phosphate $t& 8912 A}
£3to] =43 glycinin} 50%, 100% W L3E A2 whdAg zZhzh 0.1%

(w/v)7F |25 50] 280 nmollA &3 =2 ZAslolct,

A o] lysine’] 3%

Zk2he] whalal of 0.1g& #13le] 5 mLe] 6 N HClof| 5o AL JpAT ] Esh
F oA E g ste] 155TolA 1A 25t Jheaalgt F A 2oA st
o]& 25 mLE HLILFT filteringdlo] AccQ-Tag WY& o]-&3}o] HPLCE H4
stolct

HPLC Ee|Z AL Table 202} o] T A AL Nova-Pak C18 (3.9 x 150mm) S
Fejstgd o, A3 o]ZALE 0.14 M sodium acetate®} 60% acetonitriled
71&7] gelygyior gt 44l columne] &%= 37C% e flow rates
=% 1 mLE st 7]&7] &el8) ZAL 0.14 N sodium acetate &-nlj2} 60%

acetonitriled oj&3stgony, HA A7+E 50588 Fah.
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Table 2. HPLC conditions for amino acid analysis

Column Nova-Pak C18
(3.9%x150 mm)

Oven temperature 37T

Flow rate 1.0 mL/min

Detector fluorescence(Ex. 250nm, Em.395nm)
Mobile phase A 0.14 M sodium acetate

B : 60% acetonitrile

Gradient condition Time A(%) B(%)
0 98 2
15 93 7
19 30 10
32 67 33
33 67 33
34 0 100
37 0 100
38 100 0
49 100 0

SDS-PAGE &4

Transglutaminase® ©]&3%to] Hb-SA|Zl FEAAFE(0.2 g)& 9 M urea £
of o 37TolA 15FZ =l F A3t x&Igdr. HIYGE
(SDS-polyacylamide gel)2 Lammlie(1970)2] W& o]&3}9lt). (4% stacking
gel | 12% running gel). ZtZ}e] wello]] A& 5 8k8 15 ggolw), 10 mA &)
ARE AREste] A& A2olA Hsstadcl. AVdEs F AMH AL
Coomassie brilliant blue R-2500.8 &AM3la, ZH4 @ ofehg @ 22X

HI 7} 45 : 45 @ 10 o] B o2 ehAsigir),

rle
)
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Eel3 54 (rheological property)&3
Dynamic oscillatory rheometer(CSL2-100, TA ,USA)E o]&35}le] 50ToA 1
Hze] FBoR WREAIZto] wE zhzhe] whulAe] gel P Aol

{phase transition point)& %roltR Qit}.

b 2] Sul fhydryl7] 5%

Aol ul(BSA)S  2-mercaptoethanol®&  time-course® A g|sle] THH
disulfide bond® BB ¢o]Z thiolr]2] H=k& WHH Ellman(23)E o] &
stod & stgTt. BSAR Y 2042} 2-mercaptoethanol & 28k 2]3}o] 0.48% &)
SDS, 8M urea, 1mM EDTAZ} So}g¢li 0.1IM sodium phosphate buffer(pH 8. 0)2}
Z3tste] 2ml 7} HEE3cE o 7)o 0.1 M sodium phosphate buffer(pH 7.0)
of ol 10mMe] 5, 5°'-dithiobis{2-nitrobenzoic acid)(DTNB) 104-& & 7}3}o]

Hol, 2mle] FRFE MY F, EYStA 412mmolA FFEE SH UL

o{

3{5‘_‘
sul fhydryl7] a2 EARFEAS 13,600 Mien'& 2§38t} A 4b3icy,

el PFHA

th A& 2-mercaptoethanol @ # ]3}o] disulfide bondE& FHYAIZ|ALL &
A e|gt vhyRle] 73 H3E Hitachi spectrofluorometer F-45008 o]-8-3}
of ZAslelrt, ¥R APENE 0.0IM Tris-HCl buffer(pH 8.0)o] 0.01% = E&
|3)5te] 0, 10, 20, 50mM2] 2-mercaptoethanol& A 2]3dle] 37TColA 1X]2HE
Qb A8 3t F, 295nm(exitation), 310nm % 410nm(emission)olA] o] W

38 =33t
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Sy 2x 9 372 3

il Ag AA e st ALL 2-mercaptoethanol & A 2|3t disulfide bondE %
AAZ &, kol 23 gl 3xp7-29] WIE circular dichroismo 2 &3}
dct. P YFR 27 WEHE FH817] f]8te] Far-UV 44 ¢ 190-260nm
ol 0.1mg/ml 8] Th AL NG pathlength 0.1cm?] cell & o83t &3}
2, 3372 W3 near-UVQ Yl 250-300nmof Al 0.5mg/mle] wHw)Ag-oe
lem®] cell & o]-&3to] &Asrt. HHA a-helix®] a2 222nmof A 2]

molar ellipticity(deg « cm’ - dmol™') 2 L}E}YITY,

FA4} ek R o] Transglutaminase-2]&4d A3}
2} Fahehz (g ol il {3 e 2 (WPI), beta-lactoglobulin, ovalbumin,

alpha-lactalbumin, th52] glycinin)ol] vzt &A% A3 EQ.8 2ASH] ¢35t

a
oS
%
i
o
ok,
N
)
o
o

tstedet, ZF ehale] stock solutiond FH|Sle] AY
S 1-10% HHlolA 2Asieict T P23 B4
of wel TAE WrIst7 Ml oldx ], disulfide bonde] THRA FelAa], o

A7bsto] 50-55C ol WgAA AV Y stk

ok
=2,
ey
ko
o
o
=
s
e
op
of
ft

i)
ojft
to
+
%
2
+
fo
B
i}
jukih

Table 3. Gelling condition of globular proteins with mTGase

Protein DIT conc. Calcium conc. Pre-heat Enzyme Reaction
conc, (%) (mM) {mM) treatment(C) conc. (U)  temp.(C)
5 1/2/3/4/5 1/2/3/4/5 70-85 0.225-0.1 50-55
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Table 4. Gelling condition of globular proteins with heat treatment

Treatment condition

Protein pH Temp., Reaction time Salt&=zl
70°C 60min -
BSA 8.1 75C 60min -
85°C 80min -
70°C 60min -
0OVA 8.1 75C 60min -
80T 60min -
70C 60min -
S -Lactoglobulin 7.52 75C 60min -
80T 60min -
BSA+0VA 8.1 75C 60min -
BSA+ 8 -Lactoglobul in 8.1 75C 60min -
OVA+ ¢ -lactalbumin 8.1 75°C 60min -

Emulsion A%

R o] disulfide bond®] Ao whE {3} P W HEE S5
#18l oil-in-water §-FHg zAsteir). R3] 5% w22 @APAdFwlo] 0-50mM
9] 2-mercaptoethanol& A 7}slo 37ColN 1A17H5¢ RES-A|AF, Ultra turrax
T-25 homogenizer(IKA Labortechnik, Germany)& o]-83}o] 22, 000rpmel| ] 1827} A
2ollA] gAdstslct.  AMSHA BAEE f-3telol nj &Rl transglutaminased

200 1(xh A A, wiw)Z HTIsEY] Ao vl AFE Zalsialrh

738452 Pearce?} Kinsella®] WH& o Y turbidimetric technique
L2 F3sigch. B4 K3l S 10u& 8t 0.1% SDSE FEFT 0.1M NaCl-§
Hoz ATl 500mellq FHEE ST RE AFHE MBoR £33l
WIS 25l R AHRFE(EADE VeI e}

Emulsion Activity Index(EAl) = 2T/ @C
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O 713 oil fractiono|il, Cx= T8q44e miy EFH o] et mg
2.2 vepd Zojrh. f3tefe] turbidity(T)= 2.303A/L & FAIS}H, AL FHE,
L2 cubette?] pathlengtholt}. f-3}eje] Qby/d-S 308 Fo f3oiel Fy=w

3t& 3Alstglct

Aol F39 WA el SDS-PAGE &4

FEE  FEtde] Aol F™ ey HaE  EFFI7] 93l
Chanyonporakul 5-2] W& ol&stelct, 2z} f3tofe] wiFa whid g A As}7|
3te]  25TolA  104xgE 30ET dAREstY AWEEE 100M
N-ethylmaleimide(NEM)E 3r-§-3H= 20mM sodium phosphate bufferol] ¥AMA]Z L},
Frolde] ulFA e AE AASH] 9ste] o]t & WHEsle dojxl AT
2% buffero] FAMAHA B2 &AL APYFEHo FHotA] L A ER 3}
Art. 4%2) SDS, 20%2) glycerol, 125mM Tris-HCl bufferZ 333l washing2¢)
of 2-MEZ} 2% H =5 HIIste] Blojdll e Fg HURich o] Egtdlg A
2oJA 20 HAHS] TES] AUl FHYE WAL FEYCE o] A 2
5CollM 104xg 2 30&3 dadEelste] &9 W d& $7351o] SIS-PAGERA]-&
Aasteict, 2 uko] FXH v o] ¢ek2 Bradford{ o2 A3t 7)o H

7t e o gse |Abstel A sttt SDS-PAGER: Laenmlige] 2

o2 M

slo] 4=313}el o1 5% Stacking gel, 8% separating gelollx] EAsteict. A7
Lol Tyt gel® Coomassie brilliant blue R-250L.% @AIE}3 acetic acid:

methanol: distilled water”} 1:1:8(v/v) Eglio T BAisielr).

Enulsion gel?] oscillatory rheological propertyZ#

Fao] o] FAH emulsion geld] | BAHE =A8}y] 98] diameter

6cm(angle 2 °, gap 200um) plateZd &3} oscillatory rheometerE o]-&3}glct
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{carri-Med CSL 100, TA Instruments, Germany). -F-&}efe] clek3t =% §A NS
A 7}sle] parallel plateo] #A3t & silicon oild FH}2 WHojxaja SalAE]

AE 9ol NHdAEF AA7 Fusts A& wHstgnk. ARE 50ToA 14
b AAdsPH A frequency 1Hz, strain amplitude 0,038] ZZlofAl 242 WHIE

g3t

A7 o MR Az

2 Aol o]&3 lat WrtEE= ASW(Austrailian Standard White)$}
AH(Austrailian hard)®] Z3hi-& AREstalvt. Shufal Wrbes debEs oA
2001 5-694 Atelofl #HH I1F U (Gerunil )} EFLE, el A7) $H5EH 4
5t AE3 AL W IRE Qlpntol ubRe] BA W olsluty A st
C}.

2 Ago] AR 2R 2001 AP HYolM +EE] EH 2ri(Oh-Dae)E
E& o] &3l9ir). A7}ELE= roller mill3} ball millE W -83to] Arog A z3}
Ao, roller millE 1x} 413 ¥ ball will2 Fasigct. #4715l =g

2= 100mesh 2] EFWAE o]-8slo] 2HRd UIMFE o &3Art.

e ey 43

Fdof 23 WhHe] Ev|d AL FA317] ¢85t mixograph X farinographE
o]-gste] kS-S YAstAch.

Farinographi= AACC(54-2149) HE&HPHE o|23lo] A& 300gL 30T 2 -§A|A]
Z1 mixing bowlojlA] ¥F&2] &7]7} 50020 BU(Brabender unit)o]] &3t &E 5

kS Z43lo] water absorption, peak time, stability, weakness, valorimeter

valuegd RA}shict,

Mixograph{National Mfg. Co., USA): AACC 54-4049 2] ®bHol wuwle} 10g

- 195 -



nixogram& &A3dlgcrt. ojo] HAH computer softwareolr] AAYE midline
peaktime, midline peakheight, width at peak 9=X]& o]-23}o] wrZo] BEANS &
As}edtl. Dough stability midlineo| peako] Ewdt ¥ 38 32 tail width®
A 2)sl4le}, Farinograph®} mixograph &3 A] transglutaminased] #7}= R-A}
B2 S35 §3lste] whsol H7eigic)

/ 126 12-10-1997 16161128
/! ¥, Proteiw (14x HE)
/ Abcarptlon (142 MB) _____
i Ridlina Paak Tisn 4.5
/ nidline Foak Heloht 44.4
Right of Peak Slove -8.59
% / HIAEH at Peak 158
HidLh ol 8,00 6.0

Fig. 2. 10g mixograph and mixogram
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A 34 A4 9 23

1. TransglutaminaseZ ©|-&3t e de] 1321845 4

7}, Glycinin W e Q3 ghade] Sduja

Fig. 40]A Rojx]= 23} Zo] native glycinind} Le|dF Al#l glycinin
o] &=L AA AolE Holvh Hamm(1963)9] A Azpol A8} o] native
glycinin?] SHH L pH 4.5 - 4.6 Alo]&, pH 4.0 - 5.0 F-Lofr Bsj=r}
1A ygron), wyld #FE glycining 29 maleic acid®] Qo

glycining] F2Z7} unfolding F| ™ charge?] W3lE ¢ls] A A7) uiubegd ]

¢

7t wheba el 3P glycinin? #HAZINE=E Ve SHAH|

o

pH 3.0& UElhlo] Ay Hog ol5dH Zeg Helrl

Fig. 5ol RH native glycinin®] acid subunit®} basic subunito] AojA]
Fylo] RojxlAnt weld A 5 eb Ao subunit o] el 3
E o wep szl HeojAle Ego] vehtan glen, ol Fig. 4ol UEhd &
sl ot o] glycinin®] el Bo] whE glycinin®] 723 Wito] ulg Ao
2 Rojzr), ol A= Owen. (1985)2] A AollA Kol whalzl zjaba WAy

100:
200’

o ! acidic subunit, 8 : basic subunit

rr

Fig. 3. Glycinin subunits
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Absorbance(280nm}

w4
-
£~ 3
>
3
s

pH
Fig. 4. Effect of pH on solubility of native and maleylated

glycinin, — glycinin, ---50% maleylated, -- 100% maleylated

KDa

205

116
97.4

66.0

45.0

29.0

A B C D E

Fig. 5. Sodium dodecyl sulfate - polyacrylamide gel electrophoresis
(SDS-PAGE) pattern of native glycinin and maleylated glycinin : (A)
molecular weight marker, (B) native glycinin, (C) 50% maleylation

glycinin, (D) 100% maleylation glycinin, (E) molecular weight marker.
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Glycinin®] We]d3l:= lysine %70} maleic acid7} A= NiLolnE
AccQ-tagWH & o] &3lo] HPLCE native glycininat wald 33t glycining
lysine®k& HlaL EA3}olct. A3} native glycinino]l @Y 3} A2 glycinin
9] lysine?] o] AR ol A& & 4 ddc. EY o Wy =
& Yotr7l 8fste] free NH7| & F5ASH= TBSY I} 22 ARE Jehia ol
cl. Z; s oinxat A Azl lysiner] 3E¥o] native glycininolA]
wH A3t 67%, 93% OB 7.4% 6.0%, 5 05F 2tAF RS Table 40] LEIW
th ol¥l ¥ Choi (1982)2] AFAfe} wlmste] BEok& uwf Choid] 2%
control®] free NH,7]2] Zto] 26.0 meq/ 100g proteing LlElLjgl o oF 80%
welel 3 glycining] Z9 free NHp7l= 2.8meq/ 100g proteing L}EN G
ch ol Ad Azt Aol A Wl o] HPLCE ol &8 Z- Zat A7

¥ 7R E SRR oln 7)ot A%t maleic acid?] Eelof whE A

_\r:_l‘
o X

ol Hlvh Zejul el ofol Aoloh: thEA 4o AFS B

my,
flo
i)Y

S Hlcl

Table 4. Lysine contents of native glycinin and maleylated glycinin

Protein Sample Total amino

lysine(% lysi %
fraction weight(g) acid(%) ysine(s) ysine(%)
Native
0.0743 81.763 6.084 7.4
118
Maleylated
0.0984 49, 325 2,978 6.0
(67%)
Maleylated
0.0978 64.712 3.244 50
(93%)
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B>

3 A

2 dFoM AHEE Ras AR A EIFHIAA

A GAR

Streptoverticillium mobaraenses W53 S} AAHH wjYgdE WA & st

EAE A A F ARSI CE.  Ammonium sulfated HA o o 70%2 g

W& o] &3] 1xF FAE g on olu]] specific activity: 9.2& L}E}

el 1xt A=A F 5ZAE ol microbial transgluta- minase& 0.01 M

sodium phosphate buffero] i50] CM sepharosed o]&3}o] o] 4=

column . B FEFslelc}h

peak 1

14 peak 2

Abs

500mM

sodium
phosphate

10mM

Fractior: No.

T T T T T T T
o] 20 40 60 80 100 120 140

Fig. 6. Cation-exchange chromatography of crude mTGase

2 ANE= Fig, 60 Hojx]%o] 0.01 M2 sodium phosphate bufferito] &

& ] £2% 013 peak 13} sodium phosphate buffer7} ¢F 0,225 ME 3 & uj

|-&%H peak 291 FEFF2] peak7} UElTE  Peak 12] Z

S pl7} doll A 52

olof glorg 6 5= Fol&g = A EHOF sodium phosphate buffer?] o]

& ZEohs FHIA &5 Sufo] RNA VL Aeom Azt
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pl 4.5 p

5.1 »

2 Shes
w oo
vV vvy

Fig. 7. Isoelectric focusing pattern of transglutaminase : (A)
marker , (B) commercial enzyme, (C) purified microbial TGase by IEC peak

1, (D) : purified microbial TGase by IEC peak 2, (E) marker

Microbial transglutaminase?] T2 A3 A= Fig. 7oA Box|= n}
9} Zo] Al AL AdAoE Matgo]x32 9l: transglutaminaseZ pl7} 7]
o &3F "l o pH 8.0 UElPLoL co AL mAAE S
transglutaminase?] Z-$ pI7} pH 8.5-pH 9.08 =& el rtl. Bet c=
O] 2aAHFA] column E Hia] FAZ A8 F B= Fig. 604 & u) peak 19]
B Ct peak 20]T} ol H¥ SAM Aol mo} B} AP pigtol 4014 5}
ol & uehl=dl vs] C= pl 8.50]40] Uty T4 A dAME A=+
SDS-PAGE 3ol o}l 2 ZE Fig. 8olA Uehfddrt. A Zee Hdgo
2 AAEl3l 9= transglutaminaseo|m™ B&] B9 Streptoverticillium
mobaraense?] vjjo¥eYZ 70% ammonium sulfate F¥ L 3 $3lo, T4 = =4

ZAZ% JAo|t}. C= CM sepharose CL 6B column® 3 E2|3t §4A8¥S =4
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AZF A Rolt}, ol m#4z ¥ microbial transglutaminase= o}zj
2] SDS-PAGEX}ol A LIElYInte} o] A E-=}ake) TYo] A AH ¢ bandE @
< 7 e ol B4 FAEI Z7H R RQT}

kDa

20

14.3

Fig. 8. Electrophoretic pattern of purified transglutaminase : (A)
molecular marker, (B) purified microbial TGase by IEC, (C) ammonium
sulfate-precipitated enzyme of microbial TGase, (D) commercial enzyme,

(E) molecular marker.

Zt BA =APE transglutaminase®] H =9 BAHE AL Table 60 A|A| 3}
gdch. BAE 5 F DAY Fo X uHo] specify activityst =
7bste & ot ol FA HHE Bl transglutaninases} obyd T2 A&
2o o] AAH S T2 £rIl gold oz RNAALL o)t o)
SDS-PAGES] A= 2 Az e AANE vehidrh. dde wAs
ammonium sulfate H=7} 40%7}x] & tranglutaminasel= @A E|x] oti=r}i )

54

iy

d

fio

Histe] 2|33 ammonium sulfate H5 40 - 70%0) A & A o

il
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A= EARE I 4sle) FAF 280 nmollal FAHIE Ay s)2o] crudedt §-of

Rl gharzl el oro oF §0%T FHY O} T A2 specific activitys # 2]
1.69]  F7tstedvt. ol & ol&u® 4] columng ol&s] FAEg A
transglutaminasel= ©thA o] oFo] oF 13%F Syt MiHo| specify
activitys 2.2¥] F71she 2A-& el & 4= 2ot o] & Al Tanimoto
2} Kinsella(1988)2] A2} dv]ste] RS uf Tanimotof} Kinsella?] A-$
chalgel of X8 AR 5.6%2 IFH4ESE B OL} specific activitys oF
178 Z718F Aoz el adrt. o|&@ A Tanimotof} Kinsella2] A 4dzbel
Atol & Kol 22 mlGased] A4k wiz]e] Mo activity 3 ol F34

& Uehile 2 A& Ushing My g3 & ZoE AmEa ZAH

il

ol whE A &EAF 47 AAFER GAGo whE activity S7HES Th4
2

S o R poju} AARYE activitys IA ZE A0 F Kol

Table 6. Enzyme purification scheme

Total .. Specific Recovery of
Azgonn{ Mg ) fotal Activity activity Activity
Crude enzyme 110. 8 1016.6 9.2 100. 0
solution
Ammonium
1f
sullate 66.9 968. 1 14.5 95,2
precipitates
(40-70%)
CM shepharose
(Peak 1) 15.8 92.8 7.0
37.8
CM sheph
Shepharose 14.4 291.9 20.3

{Peak 11)
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ol o] mTGase-2] &8 A 4

Native glycinin®] gel P vtz w 5xYol transgl- utaminase
0.113 unit, 0.225 unit, 0.45 unit, 0.90 unit& 3 7}8te] 50TCo|A FrA
5S¢t HbgAIl ¥ 95TolA 3027 AL WSS BRI HPANE Fig. 99
Zol ey, weEld3tE A2 ehlAlew 5% u] transglutaminase 0,225
unitg H7}ste] 50TolA TAZE Fet Jdsl s gelS /st E3taich
o] lysine?7] 8} glutamine 27| & ZAJIA|F|+= transglutaminase”} ‘da d 3}t
o] 23] lysine®7]e] #o] &Fof gel A 2L AR AtnEri(Data A
k), 18} SDS-PAGEE o] &3t native glycinin % U d3l ¥ glycining]
gel %S vlasted B native glycinin®] Z-¢ AR T 1%d wj
nTGase %% 0.225 unit& 71813 50TColN 7HAdshd 10858 2EAE 8
st Azxbstodont HEE @A glycinin® subunit & acidic subunit
qho] Z3tA o)l FHold ¥ basic subunit2 gelationof o3}z ¢4 Y=

A& & 4 drHFig. 9). old AE Lee (1997)2] &A= uvehta gl

O} Leed] My diethylaminoethyl (DTT)E A7}ste] 1x 71 ¥ anTGase
& AHeslo] gelS sttt 2y & H¥olds A HE7 glolx 10
E 7ld 48y Aol FAPH= A& 4 4 Agrh. Native glycininz} €]

glycining& wyds} Azl whjge] 79 a8z P4 o AgE 2oL,
50% el d3A|Zl glycining &% 1xolA] DITE A7bsiA] ks wie 1EAE
AgstA] efgkoLt T|IA 0.001 ME HIPstAlE wiiE SLEA7E FEEHE S
E 2= 9lairt, ojuf A 3o ot subunitE glycining] basic subunitl @4
B 2" subunitl® RojZitt 100% Wald A2l glycinin®] 7-$ DIT 0.001,
0.002 Mol = EX}7F AR R] Bslgd o} DIT 0,003 MEE 2ExE B35t
3. 50% el st} glycinin Br} basic subunit 2 288 sjz]¥ subunitEo] i1

BExiadol o who] ZoislgitHFig. 10, Fig. 11). Native glycinin®] Z-¢ o1&
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21730l HoIst] kot basic subunito] WeUstel oJ3] sl2] EI Fo) o

3 22 HI dee ¥ 4 Ak

35kDa acid subunit

L 4 25kDa basic subunit

A BC DE F GH

Fig. 9. SDS-PAGE pattern of native glycinin incubated with mnTGase
without reducing agent at 50T for 0 to 240 min : (A) 0 min, (B) 10min,

(C) 20min, (D) 30 min, (E) 60 min, (F) 90min, (G) 120min, (H) 240min.

A B CD EF G

Fig. 10. SDS-PAGE pattern of 50% maleylated glycinin incubated with
reducing agent at 50C. : (A) control, (B) DTT 0 mM, (C) DTT 1 wM, (D) DIT

2 oM, (E) DIT 3 uM, (F) DIT 4 oM, (G) DTT 5 mM.
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A B C D E F G
Fig. 11. SDS-PAGE pattern of 100% maleylated glycinin incubated
reducing agent at 50TC : (A) control, (B) DTT 0 mM, (C) DTT 1 oM, (D) DIT 2

mM, (E) DIT 3 aM, (F) DTT 4mM, (G) DTT 5 mM.

Fig.12. Transglutaminase-mediated gelation of 5% glycinin at 50T:
tube 1: mTGase 0.225U, tube 2: mTGase 0.550U, tube 3: mTGase 0,775U, lane

4: mTGase 1.000U
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Fig. 13. Microbial transglutaminase -mediated gelation of 5% glycinin
at 50TC: lane 1: 85C preheating/mTGase 0, 5unit, 2: 85C preheating/mTGase
1.0unit, 3: 85C preheating/mIGase 1.5unit, 4: 37C preheating/mTGase

0.5unit, 5: 37C preheating/mTGase 1,0unit, 6: 37°C preheating/mlGase 1,b5unit

Fhedol gt A ¥4

S84 4 S0 nodel systeno ® Aslo] AGAo] g QHY H& A
gslalch. 7 whlde) FEE 5, oleAEE 0.050150m, dg EART WE 7
suakg Asinglth 2 Az, sld el ol T golel AN} B 5
%, DAY EUSH, ZPg, ¥ %ol uhel ThRE sol-gel Y& M Table
7). BATAY W GAThAEE Fido) A3 BT A% 8PS nyoy, 433
Hale] 39, Fhalo] &g A WA U BEgol BaY WY okee AR ¥
wol sk FHslA TN Yok AT Uitk oldu A34E upges
heabgFellt, URLEoMe WgItEFol Yol WU ustE FHHoR
A AAEE) DR AB(ol: foulingBWE) & AZSAL AR 4 gledet
A,
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Table 7. Gelling properties of globular protein under various

condition
Treatment condition
. Reacti
Protein pH  Temp. eac.: 1on Salt Phase
tine
70C 60min - Transparent/weak sol
BSA 8.1 75C 60min - Transparent/weak gel
85C 60min - Translucent/strong gel
70C  60min - Transparent/weak gel
VA 8.1 75C 60min - Translucent/strong gel
80C 60min - Opaque’/hard gel
70C 60min - Transparent/weak sol
B -Lactoglobulin 7.52 75C 60min - Transparent/weak sol
80C 60min - Translucent/thick sol
BSA+OVA 8.1 75C 60min - Translucent/hard gel
T t/vi
BSA+ 8 -lactoglobulin 8.1 75C  60min - r‘i‘“Spare" viscous
ge
OVA+ @ -lactalbumin 8.1 75°C  60min - Translucent/hard gel

T el guielEy A%t B4

Sol ol el T (PR, RAIREY, AUNAS) Y AT
& ZAP17) $151od olRR(HAYA 78)& o1 BIHATE. 2 AU (i) S o
8 Z7MIATEA 37CoIA 60871 3417 A3Hs Thel Table 8o AXISHACH
Rene A oI} gulde] Ady ARG A3 WAAF Aol

FHY Aol FAgout, FHIEENY B, WS FEF, coolingZEFe BEY

o

Aol 2ol whel 71 H 0T sol Jel R HERTO SN ofghE )t thiAe) $aAY
do] Z71E Zlol 71013k A o® wigkdc]  ololiis) Whithl A2 A o] ofeke

getglen, 3owsEode RHEEe] TRt AL g

Y,
O
2
x
rr

01’

g

o
e
[43)
o
fijo
o
ok

stolthFigure 14). 2&u, sz ogkE&EAlslolr s wE SRE4E Koo

RSl #Ug AYAE RN ofRE(§ARE 78)L aprotic solvent®
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Brle] BHE £590T WeAAT] el ko] S uATh  F, WAAL
eI Qs A48

& perturbationA|AFQER] thilA 2} E3to] QHYIHE T3]

AL P 2R 2381 ApeMpatchE XH QR wEAAH FO84 MgAS

A

ofN

JWA & 4 olth Bds|, fRZEEele] 4e
Mgt P20l M alpha-helix 7} $AJ8t P25 Ho
AE

molten globuled AN HojFErl o

4
3
rir

B g Aol Weizlesy thlArigs S A axiiite sy

oleelet AtgHch oh&e], FATPYA-L alpha-helix 7} A +2& AL g4
gF o ghE-e] HI7H20% 7hA])ol o3t Lol HolA] ¢ofi 28] helix27t Tha
HHEES o 4 ook hilehi e ofBEE-S 50% 71A] AR o] AlxolE o

Q1 MBS Holx] oloont of§hE 60% ofolAs oA PRI} AHs] S E 5L rando
mcoil HENY F2RE A= 2O R el TtKFigure 15).

Table 8. Effet of aprotic solvent on gelation of globular protein

Proteins
Ethano! (%) BSA B -LG OVA
0 Liquid Liquid Liquid
10 Liquid Weak sol Weak sol
20 Liquid Weak sol Weak sol
Transpatrent sol )
30 Transparent gel . I'ranslucent gel
(after cooling)
Transparent gel Reversible
40 Transparent gel .
(after cooling) coagulum
Transparent gel Reversible
50 Transparent gel .
(after cooling) coagulum
Transparent gel
60 Coagulum P 'g Coagulum
{after cooling)
70 Coagulum Coagulum Precipitation
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Fig. 14. Ethanol-induced gelation of globular proteins

Effect of etherol on corfomtiond Wﬂdﬁﬂﬂzgxmﬁdﬂmmﬁ Effect of ethanol on conformetionet
change of beta-actogotuin change of BSA
- s . ©
40 —ralie
| S
= s 2 20 ——Bas
2 ) 2 — a0
a8 = a 10
z ¥ L
-0 R\ ;
20 N
_30 4
30 Mttt L ol - | 8800000
A0 20 2 20 20 2D W T 20 2 T W 2D | 28 &8 R 3 &
Wavelergth(rm Wvekengihinm |1 Wavelengh(nm

Fig 15. Far-UV CD spectra of ethanol-induced secondary structure in gl

obular proteins
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ol 23t niztd A ¥4

Effect of Calcium on structural stability
of S-S reduced BSA i

—Ellipticit

190 200 210 220 230 240 250
Wavelength(nm)

g ot 2. 177]2] disulfideZ 8} 17]2] sulfhydryl 7[5 AL 5L ols ghafA]o]
v} whela, o] AL disulfider]2] At3} - IS Bl ABAH S Sry

T ke, disulfide?] U =(eh o] vfgt S-57]2] EHE 7§28 )0 uh
APAE FEsld 4 o, £ ¢lFoaE 2-mercaptoethanol W DITE o] &3}
o] disulfideZ| S QA7 2L o] 7]¢] Calcium?] o] 25 E Z7IA7|HA] AAHE =
Aol & AWREOITE 1 A o] &R o> AS, FHI Aol ¥4
Haou, 2-Meel Agsrrlt 7S BEEetn, with
oolch uwhelr, ZgHrlo] whE whide] pxA 54§ ZAISL7] $ste] D&
o|-83 PR le] PRHEINE FHT Az}, BSAY| 5uMe] DITE A 7Igt 7

pha-helix®] o] 50x0]d Frastslent A rtel] AT A7z E Fo434Q

HELE Wolx| okatrHFigure 16).

_,,
)
1,
o
o2
ox
i
o
s
i
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Table 9. Effect of calcium on thiol-dependent gelation

) DIT conc. Calcium conc, Temp, L.
Protein . Phase transition
(mM) (mM) ()
Thick I, t t
BSA(5%) 1/2/3/4/5  0/1/2/3/4/5 37 o0 Son Lransparen
gel, opaque gel
Protei 2ME conc. Calcium conc, Temp. Ph ¢ it
rotein . ase transition
) (mM) (mM) ()
Weak sol, translucent sol,
0/10/30/50/70 0/1/2/3/4/5/10 S0%, transitoemt 8o
BSA(5%) 37  transparent/translucent/opaq

/100/200 15/20

ue gel

Transglutaminase 3 7}of] W& ghalzl o] rhA s} &34

Native glycininz} glycining Wed3 Azl 5%  whya A Joj
transglutaminase 0,225unit ZF7FSIaL 50ColA 7Hdste] A B S ZAslo] B
okt 1 Az} 50%, 100% L U3} glycinind A 2] storage modulus(G’)Zte] &7}
=] ¢fgre} 1o HI3| native glycinin®] ZF-$ 260R o|F 73t storage
modulus(G')gle] Z7IE 2 Q= A& E <4 qlr}. Chanyongvorakul, Matsumusa$}
Motoki(1994)2] 413t Aol M& glycinin % @ WEg Ao whE 63L& ot
RHoke=dl glycining % 5%8] 79 F 12082 WEAZ ot oF 0.5 x 10
dyne/cm® ZE& UIERAAL 9leom o] A2l 308 #H 3t wlaste) Rk wj

ol & A 30E AMY Y B2 BEaE Hylvh(Figure 17),
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Fig 17. Change in storage modulus(G’) of native and maleylated

glycinin mediated by transglutaminase at 50T

Transglutaminase3 7}ol] o} 2 glycinin?] gel A% njx

A4 &7t S7184E native glycining] gel VS oscillatory® &34
3} storage modulus(G') ;S F3toich ¥l 2L 5% 719 &%= 50CE
SR HHA SR A TAS @x 2 control?] ALLE G Ztol ALl Wbzt
glglen, transglutaminased 0.1 unit A7}5ISE A= G gro] nf9 & 258
LERl e 0.2 unite] ¢ 2502 ofF G'gro] a3yl AlRfste] 6571A] A4}
Al =gt 0.3 unit®] F-¢ 1500 M8 2EAIE} 7] At HE 6
1257} #1351 0.5 unitE H SIAE B¢ 5025 53] Azl 17538 U

EfUiglTt, Lim, Mine 18|31 Marvin(1998)2] ot Az}e} wlaste) Bwl & A}
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L t}E egg white proteing AME5lo] A3 Az} 0,02%8) nTGase 37 wjX.ch
TGase?| wE7} 0.03, 0.04%2 Z7184F G'grol F718le Frisfol FrlgdeE
G' kel X Zado] atslAl F718ta Qlth ol& 2 Ay T AAE Rol

£ Zojrt.

Glycinin®] 4}¥ o]

Fig 18-20l4 2} Zo] nTGase?]| unitE F715SF gel Fdo] whaA dojite
A& B 4 gk glycinin $E 5% w A% 0.1 unitE HAIEIAE B¢
500256 Al&e] Aol uiflE A& & 5 Aot B4 557 0.2 unitd H
71819d& v 1800 AhHol o] vietytct EZF 0.3, 0.4, 0.6 unit22 &
4& FAASF A Hsrt e A vehte A& & 4 Qdolch B AR o
o] Y 6'3h& FHYT HPHY o) B B FUol whel A Ao Wty wh

27 Qolrke AL UehlE Boltt.

B>

18-1 18-2

150, = — g - — e sy o Sy e g R
. Q&P €00 - - - ap -
% ] ‘ Ww"" !
150 0] - X CONTROL 020-Oscilabon step_} . - A U R

1SMIU 010-Orcilla

~ 115M1U 010
o

frerveer st oo e e [
swo 7500 1250 1500 1750
ome (sec}

Fig. 18. Enzyme concentration-dependent of polymerization native
glycinin and phase transition point of native glycinin under

various concentration of transglutaminase
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2. TransglutaminaseE o] &3t Rk Azt 54

(1) B-Lactoglobulin®] Zt&A 718 &3}

e = 5% o] B-lactoglobulin o) Zhg(1, 2, 3, 4, 5 mM)E E7}3te] 8
5ColA 1027t olu]71d A ] ¥, transglutaminasexg|& 3dtgdct. 2 A3 1

mMe] A2 Adolst dojulA] ke, 2 mMe] ZEHNEE REAHUn

) B ma-noEd A ¥y

M S 85C2] water-bathol A oju] 7}dxe]E 3t A}, transglutaminaseE 37}

shA dobe MEJl Hu REHY AL Fstarh
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(3) 42| thiol7] 3o 2]t

_,,
()
o
oX,

@¥& 70T 1023 omizkd ¥, disulfide bond?] Q)
dithiothreitol(DIT)E 1, 2, 3, 4 M 7Y A9, A%E9 DIT Ao =

' 1

E7b &€ sol& ¥Fgstglom, 4oMe] DIT H7lAlols BEEme Ag gsiac).
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(5) Bovine serum albumi(BSA)2] Zr&ol&A A A

5% o] A UFT Bdo LHE(1, 2, 3, 4, 5M)I TAE M8l 70ColAN 71

A2t F, ZEes=rt 2 M o] AR AlRE 0CTAM Az stelgu,

o
o¥
o
_H)p
o
=
N
op
12

& 85ColA 307t dnj7td F WAoo 2417t vhagt

Az, Zazigle]l T A ¥gsidch
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3. Transglutaminaseol] ¢]3l emulsion gel3} 573
BSA2] sulfhydryl 7] @ &3 A3}

Native BSAX= 17702] Hx}7t disulfide Ag 1714 sulfhydryl 7] & AUz Q)
= ghgolt}, Disulfide A¥E T A7 20-mercaptoethanol 2] FE 7} 10mMY
AL A sulfhydryl 7= ¢F 770, 20mMQl 79 ¢F 137)9] sulfhydrylZ]Z7} 31
Holck  F7IRE ME w=7} 50mM o] ASul o 1471¢] -SHZZF B™ Ao® e}
Weh Disulfide YL AL 72A YAl T dUS S RO YA
glom BSAS] A%, 1771¢] intrachain s-s ZA¥lo] AT vl FTRE FA3t0
ehale] J)5E o] d¢E T WY BHE Fosls Aow d8A gr)
whaka, ojo}zh disulfide Aol HUEW TR 02 L-E(loose)d|H A Hbg
/g0l Z7istAl "tk Disulfide 2 471 VU 55 71§84 B9 AWA
Feo] F7181A =i FE3 A (EAL) 2} 538 4 (ES)o] AMECIS RIsta
olrt, & Al¥e] Az} BSA2] disulfide ZAFlo] FUHYTE o0il dropletd] whefz

Fago] wjal Y o® Z7)elod Shin(1995) 3} YASHE Z3HE walrh

&

Table 10. Number of cleaved disulfide bonds and amount of adsorbed

proteins at the oil droplet according to the concentration of 2-ME

No. of cleaved Amount of adsorbed protein
Conc, of 2-ME (mM) .
disulfide bonds at the oil droplet (%)
0 0 53.9964
10 3. 8444 61.3134
20 6.5498 64.7140
50 7.1909 71.8344
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Fig. 18. Intrinsic fluorescence intensity spectra of BSA treated with
various concentrations of 2-ME at 37T A : Native BSA, B : Heated BSA(no
2-ME), C~E : BSA treated with 10mM, 20mM, and 50mM 2-ME, respectively, and

heated at 37C for 1 hour
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Fig. 19. Far-UV and Near-UV CD spectra of BSA reduced with various
concentrations of 2-ME at 37C A : Native BSA, B : Heated BSA{no 2-ME),
C~E : BSA treated with 10mM, 20mM, and 50mM 2-ME, respectively, and heated

at 37C for 1 hour
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Fig. 20. SDS-PAGE analysis of adsorbed and unadsorbed proteins
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Fig. 21. Changes in storage modulus(G’) during formation of emulsion
gel A~D : 0, 10, 20, 50mM 2-ME, respectively (no mTGase) E~F : 0, 10, 20,

50mM 2-ME, respectively (mTGase)
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Table 11 TPA condition of Tofu sausage added with mTGase

Graph type Force vs Time
Force unit Grams
E;ttact area 10mm X 10mm X 3.14
Contact force 20
Distance force Strain
Pre-test speed 5.0

Test speed 1.0

Strain 50

Table 12. TPA condition of Tofu sausage

Tofu A Tofu B mTGase mTGase mTGase mTGase
0 ppm 3000 ppm 5000 ppm 7000 ppm

Springness 0.715 0. 747 0. 686 0.652 0.728 0.714

Cohesiveness 0,620 0. 543 0.522 0. 348 0.484 0.538

Chewiness 235.549  374.620  351.34 617.707  769.471  1603.373

531.2g 923.5 771.8g 2725.1g  2185.3g 4175.7g

Hardness (50%) (50%) (50%) {50%) (50%) (50%)
282 o8y aMAE T

ol MBI EHi= URRAFH MAFoE JPUNAE
ZItislE 4= At FRE dAE B3t Aol Fotsta MY
o

Sto F&efAl= B4EAE H¥ = ik weld, $RE 4R 8

}ﬂ

B AARSE FARE 2 U] glslA] vl i/ 7k vl Ay F4E BilA
water holding capacity’} F7}8tal AXeo] A4H AHE/NEE ¥ + et &
A8 2] Azl transglutaminase &) A rteko] Z718t 48 41314 (chewiness)2 21}

ofl Al 5ul7kx] Fristelen, whetgh(hardness)2 3ulollA 5u7kA] F7istalct, o
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