CHAPTER4

EXPERIMENTAL RESULTS AND DISCUSSION

Since it was previously discovered that ATPs of PEG 1000/ potassium
phosphate gave higher alkaline protegse partition coefficients (Kak) than other
systems of different PEG mole \ IF , f f ebastiao et al, 1996), PEG 1000
was first selected as polymence CumExtractive fermentations. As a

result, PEG 1000/ phosphate-ArRs we investigated for extractive
fermentation in the folle

ord '-i-.o determine suitable system
compositions for alkaling /’/% \\\\ \ it was later discovered

that PEG 1000 was no ofeT oJe

entation, sections that

follow, therefore, involve jaVegtic - fo \:\‘\1\ 2= molecular weight. The
chapter finishes with di€cugsig \ and potassium phosphate

: raﬁ,:’-,

concentrations, and phasg

\\: ease production.

4.1Conventional fermentation d’.{- i

Conventional fermentation ‘catfied o hours, and the results are
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Figure 4.1: Time-course of glucose in conventional alkaline protease
fermentation. Conditions: pH 7 and at 37 °C and at 250 rem agitation,
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Figure 4.2: Time-course @ conventional alkaline
protease fermentation. Condifion : 17 an d at 250 rpm agitation,
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Figure 4.3: Time-course of protein in conventional alkaline protease
fermentation. Conditions: pH 7 and at 37 °C and at 250 rpm agitation,

From figure 4.1, concentration of glucose was rapidly reduced after 2 hours and
was slowly reduced after 8 hours of inoculation. The consumption rate in this
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time interval was 0.763 g I h™". This is in accordance with the cell concentration
in figure 4.2, which increased rapidly during the same time interval and growth
rate was 5.782E-4 g I h'. The alkaline protease production was delayed for 6
hours compared with that of the cell production. Alkaline protease production
began increasing rapidly when cells were in stationary phase, therefore, it could
- be concluded that alkaline protease is a mixed-growth associate product (figure
4.2). After 71 hours of fermentation the specific purity of alkaline protease that
based on total amount of protein was 12.83 unit/ mg protein, the time-course of
protein production was shifted for 6 hours from enzyme profile (figure 4.3).

From figure 4.2 we can clearly hours of inoculation alkaline

ccording to the very smaii
| ——

4.2PEG 1000/ potassium 36

4, 4

"

2

se system

4.2.1 Phase diagram % ,ﬂ:
Figure 4.4 demonstrates pha i G 1000/ potassium phosphate
ATPs that was constructed a sy = 3 oom temperature (30°C+ 2°C).
The left-handed side of the binodatetiy strates_homogeneous phase
; G_Side_aesignated agiesus’ two-phase system.
Points A, B, C...spec V‘— -: active fermentations
were carried out, whilcompo ons" a e end 4”' each tie-line define
compositions of each phasqi.xle PEG rich Rhase is lighter and layers on top of
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Figure 4.4: Rectangular phas | '7 M0 \ '5’:0' potassium phosphate
systems at system pH 7 agd )

2.(30°C+ 2°C). Points A, B,
C...indicated system compos 2fmentation in ATPs were
conducted.

4.2.2 Extractive fermentgfio A

Based on a previous stu ( ok, W composition for
extraction of alkalﬁ ut S f Wi ﬁ 1000 and 14.5

%wiw of potassiurfil phosphate (poirlx K figure é4)). This copposition was

racase By Do LA LTl JTEL TR cvaine
protease pr umq ous ystem ar presented in Figure

4.5. It was obviously noticed that the substrate glucose was not utilized in ATPs,
as a result, alkaline protease production was not observed. Therefore, it could
be concluded that under this optimal conditions for alkaline protease extraction,
cell growth and product formation did not occur in ATPs for the PEG 1000/
potassium phosphate system.
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In order to search for

tter PEG 1000/ potassiurmphosphate ATPs for
extractive alkaline proteases psoduction, widvranﬁs»_f} ﬁmgsitions of these
abarat

particular ATPs @m ﬂeﬁﬂgﬂ{] 'ﬁ)ﬁ W‘ these system

compositions and thigir corresponding phase volume ratios

rorern ARSI N AY

e whole two-phase area of the PEG
1000 / potassium phosphate diagram (figure 4.4), alkaline protease extractive
fermentation was not accomplished in all the systems ranging from PEG 1000

concentration of 4.45-21 %w/w, potassium phosphate concentration of 6.88-
30.1 %w/w, and volume ratios of 0.2-5.4.

Therefore, we can conclude that PEG 1000/ potassium phosphate system was
unsuitable for extractive fermentation of Bacillus subtilis TISTR 25 to produce
alkaline protease in pH 7 and at ambient temperature.
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Table 4.1: Compositions chosen for alkaline protease extractive fermentations
(also see figure 4.4).

Volume ratio
Ry = V+/ Vg

Points PEG 1000 otassium
(%ow/w) N 4T diC

1.4
589 54
N 4.8
1.3
0.8
0.4
1

0.5
0.2
0.3
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4.3 PEG X (4000, 6000 and 10000)/ phosphate aqueous two-phase
systems.

4.3.1 Phase diagram:
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Figure 4.6: Rectangular phase fiedumolecular weights of PEG/
potassium phosphate sys! Sme gt pH 7 and alire (30°C+ 2°C).

. odal curves cmvarious PEG systems
(PEG X/potassium phosphate/fermentation edium) did not show significant
variations. However,, tha ith, P her off from the
origin, in addition, i%ﬁw i sm'g‘mounts of PEG
while only trace a re found in the others. This was corresponding to
Boris (1995), who reported that with the same pe of he higher
{(0.0) sororaaly ﬁﬁﬁﬂ@ﬂ%@%ﬁgﬁﬂ"‘a' b
[(0,0) co-ordinatel. ! , inodal e und to be
altered. PEG 1000/ potassium phosphate binodal curve made a triangular with
axes of co-ordinate, but in the upper part of phase diagram of PEG X (4000,
6000, and 10000)/ potassium phosphate was paralleled with vertical axis while
lower part seems lie on the horizontal axis. Therefore, it could be pointed out
that phase diagram ATPs with molecular weights 4000 and higher were very
sensitive to change in PEG concentration. However, with different polymer type,

more dramatic change in phase separation would be observed than in case the
same polymer type but different molecular weight (Albertsion, 1986).

From the results shown ﬂﬁgur 46,0
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4.3.2 General system characteristics:

Figure 4.7 illustrates visual characteristics of PEG 4000/ potassium phosphate/
reaction media ATPs of varied system compositions and volume ratios. Both
phases were of yellowish color, however, darker color was noticed in PEG-rich
top phase. This was probably due to higher partition of yeast extract to the top
phase than to the bottom potassium-rich phase. Therefore, we could anticipate
that some impurities from fermentation tzo h would interfere partitioning and
lower the specific activity of alkaline prote the top PEG-rich phase. These

same visual characteristics were ebserved if ;‘MﬁG X/ potassium phosphate
ATPs. ——— i

Figure 4.7: ATPs of PEG 4000/ :patéésidm phoéphéte at pH 7 and room
temperature (30°C+ 2°C). Points A, B, C, D, E refers to system composition

which extractive fermentation was carried out as given in table 4.3 and 4.4 and
figure 4.20.

During fermentation, for all ATPs of various PEG molecular weights, cells were
mostly found in the bottom and inter-phase (Figure 4.8). With increase in
fermentation time, the bottom phase becomes more and more viscous with gel-
like characteristic. This caused in homogeneity in potassium phosphate-rich



30

bottom phase. Thus high measurement errors on cell, alkaline protease, and
protein concentrations were observed. As a result, measurements of these
compounds were only done in the PEG-rich top phase. Since most of the cells
were sited in the bottom phase, gel-like characteristic observed after some
fermentation time may be generated by some cells excreted biomolecules

whether from dead or living cells. To clarify this point, more experiments are
needed.

| -
f;g;"jﬁsgﬂ:;;ﬁsﬁ:ﬁﬁ ﬁﬁwﬁ%‘ﬁ ”%ﬁzﬁ \ PEG 10000 and
QRN TAUNNINNSY

433  Alkaline protease extractive fermentation in ATPs of varied PEG
molecular weights:

To explore for other ATPs which might give better results for alkaline protease
production than PEG 1000/potassium phosphate ATPs, PEG X (X = 4000,
6000, and 10000)/ potassium phosphate systems were investigated. Hotha
(Hotha et al, 1997) reported alkaline protease production by using B.
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thuringensis H14 with PEG molecular weights of 4000, 6000 and 9000
respectively. The compositions were as the following:

Table 4.2: ATPs compositions for alkaline protease extractive fermentation by
B. thuringensis H14 .

PEG Potassium phosphate | \ojume
Systems .
(%wiw) (% wiw) ratio

PEG 4000/ phosphate 13.6 13.75 1.08
PEG 6000/ phosphate 14.3 11.25 113
PEG9000/ phosphate 9.42 1.1
"Hotha et al, 1997,
In order to select suitable PEG*moteculs w%ﬁractive fermentation, a
series of system with the sam&" cort 9o i b iw of PEG X and 9.89

% wiw of potassium pho e R 000, 6000 and 10000,

S.Were obtained by averaging
Hotha (1 997)’s ccmposi . 42, The volume ratios
determined in our study wg PEG 4000, 6000 and
10000, respectively. This -considered as very'similar phase volume
ratio values. Therefore, effegls dug t6 varied o e ratios could be ruled

out and the different re at might-oCeur, could be due only to different

mﬂ top phase

—a—PEG 6

5. 1487 wﬂm‘ﬂmm“
K1y ﬂnﬁmmf%}%maﬂ

Figure 4.9: Time-course of glucose concentration in ATPs obtained by 12.46
%wiw of PEG X (4000, 6000, and 10000) and 9.89 %w/w of potassium
phosphate system. Conditions: pH 7, 37° C and 250 rpm of stirrer.
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125

—&— PEG 4000 topphase
1 - —=— PEG 6000 topphase
—e— PEG10000 topphase

Alkaline protease activity (unit/mi

obtained by 12.46 %w/w 10000) and 9.89 %w/w of
potassium phosphate s ifion: ‘

Figure 4.9 demonstrates ti e glu trations both in top PEG X
phase and bottom potéssilim® host , e’ Considering at zero
fermentation time, partition Aere determined at 0.313,
0.378 and 0.295 for PEG ) ! ATPs, respectively. This
clearly demonstrated that glu SE-Was. More.co trated in the bottom phase
and readily available for cells Hich Fnainly in this same potassium
phosphate-rich phase. Concentrafigfis co8e_in the bottom phase were
1.217, 1.115, and 1.23)\tinies higher Nk

solution. Glucose coristmption—rate—on-the-t ime inti val of [4h; 10h] after

diertts of
] m;il

potassium n,r osphate, respectively.
After 4 hours of inoculation, concentration of glucose in the top phase where no

cell was resided was also dé S il ained by glucose
mass transfer froﬁ%ﬁ% ase. Erﬁ ﬁ

During the first 17 I?f!)urs of fermentation, very lowsalkaline protease production

vegnring FANGH (LCaoby Lo eI orkots BLe o

change in system environment from normal fermentation broth in the inoculum
to ATPs in the fermentation medium may cause longer lay phase thus later
enzyme production (Andersson, 1985).

The results shown in Figure 4.10 also indicated that with increasing polymer
molecular weight decreasing alkaline protease production rate was detected.
After 71 hours the total amount of alkaline protease in PEG 4000 system was
0.61 unit/ml, which was clearly higher than that of PEG 6000 (0.345 unit/ml) and
PEG 10000 (0.284 unit/ml). It could be concluded that higher PEG molecular
weight caused lower alkaline protease production rate. These results
correspond to Hotha's (1997) who reported that total alkaline protease
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production was 2.38, 2.61 and 2.8 times higher than that of homogeneous
fermentation when molecular weights of PEG were 9000, 6000 and 4000 were
applied, respectively. Therefore, we decided to choose PEG 4000 as an optimal
molecular weight for further extractive fermentations.

The reason that PEG molecular weights 4000 and higher were more suitable for
cell growth than PEG 1000 may due to high stress caused by high
concentration of polymer and potassium phosphate in the bottom phase that
required to make ATPs for PEG 1000 compared with ATPs of PEG X (4000,
6000, and 10000) and present of PEG 1000 in the bottom phase as shown in
Figure 4.6. This phenomenon according to Kuboi (1995), who reported that low-
molecular-weight PEG has been f n{%gg;hibitory to cell growth, possibly
A

due to their interaction with the icroorganisms (Honda et al,
1981). N

\._}_ a ‘ : -
To deeper understand ab : ; fmc;iﬁeight on cell growth and

morphology, the shape o
light microscope and pictu
S50 compared betwe
composition as 10.68 %
15.48 % wiw of potassi
plait point of binodal curve fé

) active fermentation was observed by
2ken by digital ‘e@mera Canon Powershot
/stemgand \inthe” ATPs. The same

; 4000; 8000; and 10,000) and
which is the point closed to

Figure 4.11: Shape of Bacillus subtilis TISTR 25 in conventional fermentation at
PH 7 and 30°C + 2°C after 17 hours of fermentation.
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g— e
Figure 4.12: Shape of Bacil[us's hiilis TISTR 25 af pH.7 and 30°C + 2°C at the

17 hours of fermentationsifi haftg bhasesof ATPs obtaifed by 10.68 % wiw of
PEG 4000 and 15.48 % wi ofib ota€sium phosphete.

Figure 4.13: Shape of Bacillus subtilis TISTR 25 at pH 7 and 30°C+ 2°C at the
48 hours of fermentation in bottom phase of ATPs obtained by 10.68 % w/w of
PEG 1000 and 15.48 % wiw of potassium phosphate.
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Figure 4.14: Shape of Bqa/ s TliTR 25 atpHZ.and 30°C+ 2°C at the

48 hours of fermentation indoiibm phaseof ATPS.obtained by 10.68 % wiw of
PEG 4000 and 15.48 % potassium ghqsphate.
o

&l

Figure 4.15: Shape of Bacillus subtilis TISTR 25 at pH 7 and 30°C+ 2°C at the 48

hours of fermentation in bottom phase of ATPs obtained by 10.68 % w/w of PEG 6000
and 15.48 % w/w of potassium phosphate.
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Figure 4.16: Shape of B
48 hours of fermentation i
PEG 10000 and 15.48 % w/

i TISTR 25'atipH Pand 30°C+ 2°C at the
N phase of ATRs ebtained by 10.68 % wiw of
tdssium p:glo'éphate.
14

&l

.-i."-l-:d ;j

¥ o 1
In the normal fermentation, the hapesof Bégﬂu;,s subtilis TISTR 25 was rod type
(figure 4.11). Ater 17 hours of ogalation inATPs, Under high stress of polymer
and potassium phosphate concentration itﬁs broken to a lot of small piece
and made spore coat for self-protechicn (Peteretal, 1984). This phenomenon
was occurred in all PEG\niolecular weights of ATP&LﬁéJJe 412 — ATPs with
PEG 4000). After inocméﬁfﬁwmg@wn in ATPs of PEG
4000, 6000, 10000 (figufe44.14, 4.15 and 4.16) but'notiin ATPs of PEG 1000
(figure 4.13). In these figures, the circle phiase represents bottom phase and the
continuous represents top phase. More interestingly, under high stress the

originally rod shaped cells,wéré found elongated im alF-ATERs«(figure 4.14, 4.15,
and 4.16).

For longer fermentation time, when céll went to déad phase, celfs'were broken
into small pigedsand ddgrédatetaf inter-phase ahd in'the bottam phase, a little
of it was in 'the top phase! (figtire’ # 17" 4.18,"and '4:19). This' phienomenon
caused difficulty in cell separation when we tried to separate cell from aqueous
solution as mentioned in part 4.3.2.
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Figure 4.18: Shape of Bacillus subtilis TISTR 25 at pH 7 and 37°C at the 71

hours of fermentation in bottom phase of ATPs obtained by 10.68 % w/w of
PEG 6000 and 15.48 % wiw of potassium phosphate.
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4.4 PEG 4000/ potassium phosphate aqueous two-phase systems.
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Figure 4.20: Binodal curve of PEG 4000/ potassium phosphate ATPs at system

PH7, room temperature (30°C+ 2°C). Points A, B, C, D, and E indicate system
compositions which extractive fermentation were carried out.
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Since we discovered that PEG 4000 gave best results for alkaline protease
extractive fermentation, further experiments were carried out to investigate
effects of PEG 4000 and potassium phosphate concentration on alkaline
protease production. These system compositions were selected based on
Hotha'’s report which designated point B (13.6 %w/w pf PEG 4000, 13.75 %w/w
of potassium phosphate) as best composition for alkaline protease extractive
fermentation by B. thuringensis H14 (Hotha et al, 1997).

4.4.1 Effect of PEG 4000 concentration on extractive fermentation:

Table 4.3: ATPs compositions of PEG 'potassium phosphate systems: to
investigate effect of PEG 4000.conc: active fermentation.

Points a}\,&é\; Volume ratio
A 5\ 0.379
B AN 0645
& 0.8
= 6 1 . —x—Ato has?:;aa
i aneeiE
§4~ @Ju \ wﬂ‘ —ticmttomp:ase ‘j o
\_’ o
AR I N TN
4 3. e
0 I — e S
0 20 40 60 80

Figure 4.21: Glucose concentration in ATPs with compositions as given in
Table 4.3. Fermentation conditions: pH 7, 37°C and 250 rem of stirrer.
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Figure 4.23: Protein concentration in the top phase of ATPs obtained by

compositions given in Table 4.3 in fermentor at pH 7, 37° C and 250 rpm of
stirrer.
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From Table 4.3, it is obviously noticed that by fixing potassium phosphate
concentration at 13.75 %w/w and varied PEG 4000 concentration, phase
volume ratio and phase composition were changed. With concentration of PEG
4000 were 10.6%w/w, 13.6%wt and 16.6%w/w the volume ratio was increased
from 0.379, to 0.695 and to 0.8, respectively. This can be explained by a very
high tie-lie slope of binodal curve of PEG 4000. Varied system compositions
also altered partition coefficients of glucose 0.332, to 0.312 and to 0.265 for
ATPs obtained by points A, B and C, respectively with a significant change in
the bottom phase when that in the top phase was quite the same (figure 4.21).
This result was according to Zaslavsky (1995) who reported that when total
polymer concentration is increased the solute partitioning becomes more one-
sided. The consumption rate of glucosé Wag 0.489 g I" ', 0.514 g I'" h"' and
0.548 g I'' h™'after 11 hours and: rapia ’: diigéd, after 23 hours of inoculation.
That was 1.56, 1.484 and :»:w;f:“' /A @i than that in conventional
fermentation; this may be explained by_inhibilien™sf PEG in ATPs.The alkaline
protease activity in the top phase-was; alsodecreased as 0.56 unit/ml, 0.42

unit/ml and 0.25 unit/mi™afte; ouls « (figure-.4 . The concentration of
protein in the top phas ﬂ’.’»/f n \“&\} ange by PEG 4000

concentration (figure 4.2 Jr i“- .i\\:\ \\\ s of fermentation the
specific purity of alkaline®rotgas the fopiphase were™7.818 unit/img protein,
P purity i ) e A WA gp

11.307 unit/mg protein angf6.86 it/Mg protein fo \IPs obtained by point A,
B and C (Table 4.3), respEctifelfl £ -\ \\
e A= 4 :
The purification factor is defifieg ?@_ /
el :

Purification factor = (Specific p '-—.,ﬂ P.phase)/ (Specific purity in the

i s
e

conventional fermentation) =

. —

—_———""

Purification factors we -; €81 compared with that in

conventional fermentati with "ATPS™obtained byl points A, B and C,

respectively. After 71 hoursfof inoculation, the production rate bases on amount
P

of alkaline protea t itevak! h™', 5.9E-3 units
ml™ h' and 3.5@% 'Ih EW eb:] ints A, B and C,
q

respectively.

AN TUNNINGA Y
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4.4.2 Effect of potassium phosphate concentration on extractive fermentation:

Table 4.4: ATPs compositions of PEG 4000/ potassium phosphate systems: to

investigate effect of potassium phosphate concentration on extractive
fermentation.

) PEG 4000 | Potassium,phosphate )
Points _ Volume ratio
(% wiw) |

D 13.6 o= : : 1.155

B 13.6 130w 0.645

E 13.6 7 0.538
The change of conce i ta aused the change in
phase volume ratio and pgés @Siion. posite effect from PEG
concentration, the highe#CogiEeftration o , the lower phase volume
ratio (Table 4.4). This ¢ . 3; ase in glucose partition
coefficient which was deter egust ).33%and 0.25 corresponding to
potassium phosphate concehtration-of- ¢ , 13.75 %w/w and 16.75
%w/w, respectively, with fixe b 7 concentration at 13.6 %wt.
Concentrations of glucose i 8 ite similar, while in the top
phase are significantly.di 'om Figure 4.19 may
be due to high concen ximum consumption
rate of glucose was defi “7h™" and 0.545 " h™" with

ATPs obtained by points/D, B an as given in Table' 4.4, respectively. That
was 2.168, 1.484 and 1.4 t'yn(&s lower than t&gt in conventional fermentation.

AULINININGINT
AN TUNNINGA Y
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Figure 4.25: Alkaline protease activity in the top phase of ATPs obtained by
compositions given in Table 4.4 in fermentor at pH 7, 37° C and 250 rpm of

stirrer.
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After 71 hours of extractiv al alkaline protease activity in the top
phase was 1.21unit/ml, 0.4 itfmt and=0.15 unit/ml with the increasing
concentration of phosphate o] B (Figure 4.25). Figure 4.26
indicated that high phosphate cones “caused Iow concentration of protein
in the top phase. This also i y of ied alkaline protease,
but also reduced enzyg /er,_the Sbacific purity of alkaline
protease in the top pha S&'wa 3 | g protein to 11.307
unit/mg protein and 3. F&‘asmg of potassium
phosphate as points D, B-and E given in Table 4.4, res ively. The production
rate of alkaline protease b d on amoung of enzyme in the top phase was
defined as 9.13E- raoﬂaﬁmm‘a F4E-3 units ml™ b

. Purification factﬂrﬂ 1 d as 3.07, 0.881

and 0.256 with the iticreasing concent ation of phosphate as po| ts D, Band E

respectlvely ve on the
interactions 6% important
factor in ATP t| oris,

From figure 4. 20 4.22 and 4.25 we can conclude that the closer the tie-lie to the
plait point of blnodal curve, the better conditions for extractive fermentation.
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4.4.3 Effect of volume ratio on extractive fermentation:

For all molecular weight of PEG, the shorter tie-line, the higher alkaline
protease was produced (Hotha et al, 1997). Therefore, effects of volume ratio
on extractive fermentation were studied in tie-line as nearest to the plait point of
PEG 4000 binodal curve as possible. The systems are as the following:

i\

Table 4.5: ATPs compositions of.F -G 4000
NN U
investigate effect of phase volul me rati

potassium phosphate systems: to
;;_‘g e fermentation.

P S ST “ ¥ i
Points PEG 4000 | o e ~w .| Alkaline protease
%wW/W partition coefficient
A1 15.68 5.67
A2 11.89 7.18
A3 9.75 26.75
A4 10.2 1.26
Table 4.5 illustrates that, g2 partition coefficient of alkaline
protease decreased if the phasé e+ shifted away from 1.0. Point A3

gave maximum alkaline protease ient (26.075) at phase volume

ratio of 0.91. These ATRs4 romising s alffie protease extraction.
The similar result wa .5’?:‘.?:‘.3-':?5:3"::'3*'-"“'""""' lat the phase volume
ratio 1.08 the highes ‘.Ffir : h. ent was found out as
4.07 (Table 4.6). With e pha olumesratio of 0., partition coefficient of

alkaline protease was fo nd smallest (1 26)

Table 4.6: Eﬁe?gs ﬂ lmﬂninﬂgﬂinmg in PEG 4000

— phosphate-wa ystem .

SRR YA TR
el Q:_o;?%\? (a si Mmj r’a%o pgrtltlon coggf?::it
Y%w/w

1 15.3 13.10 6.69 1.849

2 14.5 13.38 2.85 2.647

3 13.6 13.75 1.08 4.700

4 12.6 14.13 0.47 4.450

5 1.7 14.30 0.32 4.451

"Hotha et al (1997).
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Figure 4.27: ATPs compositigng of F 000/ "\«-. phosphate systems:
to investigate effect of pk t1e 'on . extr;
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Figure 4.28: Time-course of glucose in the bottom phase of ATPs obtained by
compositions given in Table 4.5. Conditions: pH 7, 37°C and 250 rpm of stirrer.
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Figure 4.29: Time-cour Nase of ATPs obtained by
compositions given in Table®. ioAs:_pl ».and 250 rpm of stirrer.

25

( —e— A1l top phase
—8— A2 top phase
—&— A3 top phase
—x— A4 top phase
== Control

AN NN
IRANTH U INGa Y

Figure 4.30: Time-course of alkaline protease activity in the top phase of ATPs

obtained by compositions given in Table 4.5. Conditions: at pH 7, 37° C and 250
rom of stirrer.
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Figure 4.32: Time-course of specific activity of alkaline protease in the top

phase of ATPs obtained by compositions given in Table 4.5, Conditions: at pH
7, 37°C and 250 rpm of stirrer
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Figure 4.33: Time-cours€ o Alin e agtivity in ATPs obtained by
compositions given in T, -3t Conditiens: ‘at\p 7° C and 250 rpm of

1€0s - ons in the top phase in all
ATPs were not much different fro 2t ventional fermentation.

With decreasing the vo line protease in the
top phase increased. gure 4.30 illustrates that afiei- 71 hours of extractive

olme rafio was 054, 0.91, 1.34
ange of volume ratio also resulted in changing of

protein concentration in the'tep phase. The tigher volume ratio resulted in the
lower protein concﬂt mﬂﬁﬁﬁl%ﬂﬂﬁ%er the purity of
alkaline protease i hﬂijp S | till’significantly higher than
that of conventional fermentation (figure 4.32), It can be ggoncluded by
rotase 1 ATES 44 0 Dl 1k b o 3 bl e
protease in did ot \ﬂv I us p of that on
volume ratio @nd alkaline protease partition coefficient (figure 4.33). That was
2.517, 1.755, 1.535 and 0.6 times compared with conventional fermentation.

Phase volume ratio also effected viscosity of ATPs , the higher phase volume

ratio, the higher viscosity of system. This was causal reducing oxygen
transformation and dissolved oxygen.

The top phase and normal fermented broth without cell were kept at 4 °C for 3
weeks, and then one week at ambient temperature. For the all phase volume
ratios, the stability of alkaline protease in the top phase were not changed

during storage time. That is also observed in the fermented broth (results not
shown).

unit/ml, 1.2 unit/ml and 1741
and 2.22 respectively. A
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4.3.3.1 The shape of cell

After inoculums 5 hours, 24 hours and 48 hours the shape of cell was observed
by electron scanning as following:

.-_,J_!i_* d‘:

i -";
ol . "\-tj
bl '
Figure 4.34: The shape of ce InATPS ob@g by'point A1 given in Table 4.5
Conditions: at pH 7, 37° C and 250gm of shz_‘ne‘r"_jraﬁer 5 hours of fermentation.

Figure 4.35: The shape of cell in ATPs obtained by point A2 given in Table 4.5
Conditions: at pH 7, 37°C and 250 rpm of stirrer after 5 hours of fermentation.
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Figure 4.36: The shapeof céll i ’FP§ ot&aihed Dy point A3 given in Table 4.5
Conditions: at pH 7, 37° C 4nd250 rprii.of slirrer after 5 hours of fermentation.
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Figure 4.37: The shape of cell in ATPs obtained by point A4 given in Table 4.5
Conditions: at pH 7, 37° C and 250 rpm of stirrer after 5 hours of fermentation.
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e

Figure 4.38: The shapefof gelii gorT.ve ional fermentation. Conditions: at pH
7, 37°C and 250 rpm of stifregatfer ofiodrs of fermentation.

sty 4

;;‘Jf- 1{1':{& \
After 5 hours of inoculation, the“shape ofijé‘ﬁ-?n ATPs obtained by A1 and A2
was healthy and normal (figure 4.34; 4 35)'when. that in A3, A4 seems occur a
change in the surface of cell. Figure 4:36 illustrate@ythét interface of cell was
quite rough with someé calis slohgated-and-oihers-io l shorter than normal.
That would also see inigure 4.37. ~
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ATRs obtained by point A1 given in Table 4.5
50 mof;stir(er after 24 hours of fermentation.
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Figure 4.39: The shape*®
Conditions: at pH 7, 37°C
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Figure 4.40: The shape of cell in ATPs obtained by point A2 given in Table 4.5
Conditions: at pH 7, 37°C and 250 rpm of stirrer after 24 hours of fermentation.
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Figure 4.41: The shapée of gel A?rF;'s o&tdned by point A3 given in Table 4.5
Conditions: at pH 7, 37° Jand 280 rpii of.ué‘__tirr_er after 24 hours of fermentation.
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Figure 4.42: The shape of cell in ATPs obtained by point A4 given in Table 4.5
Conditions: at pH 7, 37° C and 250 rpm of stirrer after 24 hours of fermentation.
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Figure 4.43: The shape oficellfi

) conuentmnal fermentation. Conditions: at pH
7, 37°C and 250 rpm of sfirref af;

G 24~houF§1of'fermentat|on
4 :,J" - j J:‘r‘.
s - '.ff_sj il

—

Figures 4.38 and 4.39 shown aff-:é'rmal sﬁape-of cells as in conventional
fermentation (figure 4.42) in ATPs WhICh obtalned by g@c}ts A1 and A2 (table
4.5) respectively. The shape-ofceirwaschangaa oM od fo the sphere shape.

It may be explained by*éffect of fluid dynamlc in fermehtor that caused by air

bust, agitator, etc. 1, U
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Figure 4.44: The shape of g€l Ps oétgined Dy point A1 given in Table 4.5
Conditions: at pH 7, 37° Or I,offlir;ger after 48 hours of fermentation.

Figure 4.45: The shape of cell in ATPs obtained by point A2 given in Table 4.5
Conditions: at pH 7, 37° C and 250 rpm of stirrer after 48 hours of fermentation.
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'P$ dbtained by point A3 given in Table 4.5
rpa-okstirrerafter 48 hours of fermentation.

Figure 4.46: The shapé of géll
Conditions: at pH 7, 37°

Figure 4.47: The shape of cell in ATPs obtained by point A4 given in Table 4.5
Conditions: at pH 7, 37° C and 250 rpm of stirrer after 48 hours of fermentation.



58

e
v—ﬂ‘
f’&'

Figure 4.48: The shape of.elidn éonvertio fermentation Conditions: at pH 7,

=

37°C and 250 rpm of stirrer affed48 hdgrs "_df!feﬁnentat‘ion.
. ::J" i ‘j& \
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After 48 hours of inocu[ation, in“the ‘ATPs obtained by £Eomt A1, A2 given in
table 4.5, the shape of @I still look healthy with some sh rier rod occurred that

the same in normal co Ve entation (figure 4. _1_4.44 and 4.47) when
its in the A3 and A4 contained much more sphere shapel'cfigure 4.45 and 4.46).

Generally, in all ATPs, the%hell of dead cells always associated with polymer to
make a gel net in the bottom’ phase that caused a difficulty in cell separation for
the bottom phase a‘gridia_ls:l?;_g)r’o émLémqe Fr&tease} ‘at t’ivityj:_analysis. And we
can conclude that with tcliowst totallamoun Pof PEG' 4000 in ‘the aqueous two-
phase system the shérter rod cell was @ccurred maore. a.
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