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Abstract

Poly-3-hydroxybutyrate (PHB) is a biodegradable polymer which has physical properties
similar to polypropylene & is having wide range of societal applications and more
importantly medicinal applications. Numerous gram-positive and gram-negative
microorganisms have the capability to accumulate Polyhydroxyalkanoates (PHAs) under
nutrient limiting conditions. However, the PHB produced by gram-negative bacteria
contains lipopolysaccharides (LPS) endotoxins in their outer membrane, which makes it
unfit for medical applications whereas PHB produced by gram-positive bacterial lacks
LPS hence making it more suitable for medical applications. Therefore, in the present
investigations research effortswere directed towards production of medical grade
biopolymers using gram positive bacteria (Bacillus thuringiensis IAM12077).

The main objective of the present study was to establish PHB production process using
Bacillus thuringiensis 1AM12077 as a model organism. It was observed that B.
thuringiensis was able to utilize glycerol as a major carbon source for PHB production,
thereby indicating the possibility of utilization of inexpensive crude glycerol (as well) as
key substrate, which is a by-product of the biofuel industry. To obtain maximum biomass
PHB accumulation by B. thuringiensis, concentrations of different nutrients were
statistically optimized. Batch cultivation in a 7L bioreactor using optimized medium
recipe resulted in biomass concentration of 6.68 g/l with a PHB concentration of 2.71
g/L in 33 hours. Possibility of substrate inhibition by selected major limiting nutrient
(Carbon source; glycerol) was also explored which demonstrated a decrease in specific
growth rate of B. thuringiensis beyond 15g/L with respect to glycerol. To further enhance
the PHB yield and productivity, cultivation of B. thuringiensis was attempted in 7 L
bioreactor using optimized glycerol and glucose concentration in the ratio of 1:1, (at a
total concentration of 15g/L) along with statistically optimized medium components

which exhibited a biomass and PHB concentration of 8.45 g/LL and 3.36 g/L, respectively
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in 33 hours. This was significantly higher as compared to bioreactor batch cultivation
conducted with glycerol as sole carbon source.

Successful attempts were then made to identify two different batch mathematical models,
e.g., for glycerol as substrate and mixed substrate i.e. glycerol with glucose for production
by B. thuringiensis IAM12077 using substrate inhibition studies & 7 L batch kinetics
data. Both the models were then extrapolated to simulate different nutrient feeding
strategies in fed-batch cultivation conditions which included constant feed rate of glycerol
and maintenance of pseudo steady state of glycerol. It was observed that fed-batch
cultivation using constant feed rate strategy of glycerol yielded PHB concentration of
10.4 g/L and 4.15 g/L, respectively in 33 hours the fed-batch cultivation conducted with
mixed substrate & under pseudo steady state with respect to glycerol exhibited maximum
biomass and PHB concentration of 8.42 g/L. and 3.93 g/L, respectively in 36 hours.
However, fed-batch cultivation conducted with mixed substrates & at constant feed
strategy of mixed substrates resulted in biomass and PHB accumulation of 10.20 g/L and
4.57 g/L, in 27 hours respectively. On the other hand, the fed-batch cultivation strategy
with feeding of mixed substrate (glucose and glycerol) to maintain pseudo steady state
with respect to glycerol resulted in biomass and a reasonably high PHB accumulation of
12.74 g/L and 5.48 g/L, respectively in 33 hours.

The batch mathematical model for mixed substrate was used to develop an (integrated
batch-fed-batch-continuous with cell retention) cultivation strategy to further enhance the
biomass and PHB accumulation in the bioreactor. The experimental implementation of
this model based unique cultivation strategy resulted in biomass and PHB accumulation
of 24.1 g/L and 9.84 g/L, respectively, reported so far for B. thuringiensis IAM12077.
The present studies also demonstrated the successful scale-up of batch PHB fermentation
from 7L to 70L bioreactor using P,/V criterion where in biomass and PHB concentration

of 6.68 g/L and 2.71 g/L, respectively was obtained in both bioreactor cultivations.
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THTIATOST

Poly-3-hydroxybutyrate (PHB) T& Srafaaa«T Tt g SEH afesarsdig & q9m
AT T B & ST Tt ST Aviy F ArATrE STy $i7 qfw Ay w9 7
Ao ST gid 21 F2 I-uifsfed o gra-anfed gewsiar § qruw qoar it
Hdifoa fRafa & qga aicigregiadimenden (PHAs) &I Hf=d e @it &awar gl gl
STl Teh, ATH-"RITed dFR AT FIT AT PHB & 39 atg<t Feat # frdaidasizs
(LPS) Usteifaas gid g, ST =& f=iewdr spanmt & o s g=mar g, safs amH-
qifSTfed ST g 3catied PHB ® LPS (TH-fU-uw) 3uffsq a8t gar g e
FOT PHB #feder s % forg stfass Swyh gar g1zafy, aaa Jeqas #
TTHOSIEd dHRIAT (STHed qREAEE IAM12077) &7 STIRT it Hiead IS
FTATHT IqTEA U2 &qT Fied FRIT T3 9T

FAHTT TETIAT T T 3297 Atad ZREAEE IAM12077 FT TF Hied (19 6
®T § IUANT F¥eh PHB IUTET THoRAT TATMOT FHeAT 971 Tg <@ 7AT T off. SR
Reaeie w1 PHB 3caTad & o7 & W@ FTad &d & &9 § ITAN Fed § Fa09 T,
ST 923 Fg el (A7 &) THE Fedce & STANT i 9T T Hehd (HeAdT &, ST
ST Sg9 IURT F TF IT-3¢A1E gl | o1, (A FRT aAteshan arEE (PHB)
o=t (PHB) 59 ITH &34 & iU, fAf9s 7w acdl 6 9iedT & qieqsnid €9 F
FEfera AT AT AmIsTEerT TR TEET T STAN FT 7 Aled 99 araiuFed H
S9ST (cultivation) & FTATHTE HIE0T 6.68 UTH/AET goll Ta 2.71 AH/erhi PHB
THTIAT &1 33 =l H IAUTEH galll TeHee Sfgiaedl sl T AT qIUF T (Frad
HTq; Rerater) i ST I 9aqr ST T &1w o, S &#F 15um9/Aey faata 7 92 4.
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it #it fafers i 3w & w1 &1 9=fea F2ar g1 PHB &7 SUS 3T IcaraedT &l
T 7™ F forw, Fifeahirg &7 F T Eiord Tea9 T2t & a1, 1: 1 F Jqurd § Reaia
ST TS IST |IEAT &1 ST e gu ot YR 6 Tt 1 T 7 Aeaaiiuset
# T mam e 33 5§ w9 8.45 UTH/AET S 3.36 UTH/HIET & STIHH X
o=l THREAT 1 Y2909 FFaT T 98 FEd wred #@d 6 &7 § ot & a9
AT ATATUFET 59 sl GT il AT H TR T8 AT

aa Fedee (Raaia) iw ST #eEa geade (Faaeia =T W@ & =7 #
Raaete & T a1 AevT-31en 5= T Aied, ¥, Fedee oY fAfa gemee & =7 &
Reaeie & o ot Raate & a1 @S & 919 3camed & fore o, gRRetee
IAM12077 Heage AU s7eqa oY 7 &ffex o= Fiddiad el & ITAN Hiid gu3caiad
* TorT a%er Tt i T2AT 6T TE| TAT TISAT I T A-FT ITTF Jeal i fGar
T T ST X o (70 SATAh &9 | JATC AT AT 9T, Hie-s= =l Gt &l
fRarfaat # S Faewiar it e fie 22 307 Feaae & =57 R sreeer &1 @@
TS 9T g I@T AT o Reeeier it My Hie T WOEI &7 ST Fih hire-a
(fed-batch)#T &t T 10.4 wrw/ehiex ¥ 4.15 Fra/dies £ PHB &igaT wra 41, 33 =2
H fof=ra gemde o 237 TS & a9 § AFSd hre-d= & @dt & gae § Feaad 7
HTIFaH FTAHATE T PHBHETEAT F#HeT: 8.42 JTH/eATX =T 3.93 UTH/A1eT, Fl 36 =5 |
TRfT T grerites, e geaded s Miaa qeadeq it Miax diie T & 919
AR 9= 9= At Gdl K GRUHEAET FAA: 27 HE H 10.20UTH/AET ST
4 57UTH/AET & IIAEE §99 grar gl gl A, WEa-a9 a6 (e i
Feraier) &t Fre-a= £ =dt i T & ar-ary Raaae & a9 § g7 Row fuafy
FATT TG 6 {oIT I JT TRomHeasTsyg PHB, &0 12.74 JTH/ieT 3T 5.48
A/ e 33 He § g3l

fRuae % ofear (fermentation broth) ¥ ST HTH 3T PHB €97 & 3fi¥ 9219 &
T, UF THFd S-S -d=-HIaT SAUTEA il WIS [ARiad Jied @l qag & A
FT TS| TS ST T FIThT T F SATR(d HITSAT Heahi o a1 [Faeeir & o §
=] FRIT et § -9 it @t F d97E arARuae § [{EaY 9 O arer v adi wr
e & T =7 Aqfdme T # A BT T T sadTen i i & 241
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ITH/A e FIIEE Ta 9.84 yrH/Aex fiu=at (PHB) Hifead wra gam, Fed PHB
IcaraaRdT fEaT sraea | 0.298 urH/ste. H5e of, 5 f &ft. gRiRofraw 3aures #F ga9
IAH TOTHIT T SHTT €

JAATT AT 7 Pg/V ATHEE T ITAN Fld gU 7Aedd 70 eaaiiuses
T 99 PHB fovas & aa G9T9-377 &7 Y=o f3ham, gt amaame 3w PHB UsHRrar
FI:6.68 ATH/ATT 3T 2.71 UTH/A 2L, 2T AU T @t 8 ITF 63 137 om)
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