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Abstract

lonic liquids (ILs) are salts which remain liquid below 100 °C and composed of a cation and
anion moiety. They exhibit advantageous properties like low vapour pressure, high solvating
ability and thermal stability. lonic liquids are widely used for pre-treatment of lignocellulosic
biomass prior to enzymatic saccharification. However, their toxicity towards saccharification
enzymes and fermentative microorganisms, high costs and complexity in recycling pose
major bottleneck in their large scale applications. The present thesis entails various studies
conducted to investigate the stability of extremophilic enzyme systems in the presence of
ionic liquids. Extremophiles and their enzymes which are generally adapted to function under
extreme conditions of pH, temperature, pressure and salts provide an interesting system for

the study of ionic liquid-enzyme interactions.

Sporotrichum thermophile, athermophilic fungus was characterised for its morphological and
biochemical characteristics. The strain secreted good amount of xylanase. De-oiled Jatropha
curcas seed cake, a plentiful by-product of biodiesel industry was used as substrate for
xylanase production from S. thermophile by solid state fermentation. Under the optimized
conditions, 1025 U xylanase/g DSC (Deoiled Seed Cake) was produced. The xylanase
exhibited half life of 4 h at 45 °C and 71.44 min at 50 °C respectively. It was stable in a
broad pH range of 7.0-11.0. Ky, and Vnax were 1254 mg/ml and 454.5 U/ml/min

respectively.

lonic liquid stability of thermophilic S. thermophile xylanase was explored. It was active and
stable in [EMIM][OACc] upto 50% concentration (v/v). The pre-treatment of wheat straw (18-
25%, w/w xylan) with [EMIM][OAc] followed by IL stable S thermophile xylanase
treatment (containing 12 U/ml xylanase activity and 2 U/ml CM Case activity) led to 281 mg

reducing sugars (consisting of mainly xylose and xylo-oligosaccharides) per g wheat straw
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much higher as compared to non-pre-treated. IL stable enzymes enabled simultaneous pre-
treatment, saccharification and the intermediate step of washing of residua IL can be
eliminated to make the process cost effective. SEM, XRD and FT-IR confirmed the loss of
crystallinity by [EMIM][OAc] pre-treatment followed by hydrolytic bond cleavage and

deacylation by xylanase in the subsequent step.

Furthermore the cells of S. thermophile were screened for their viability in the presence of
various hydrophilic imidazolium based ILs. [EMIM][OAc], [BMIM][MeSO, and
[BMIM][OTf] were found to be compatible and did not affect the growth and xylanase
production whereas [HMIM][BF,4] and [BMIM][BF,] were not compatible and inhibited the
growth drastically. The impact of two types of ILs systems compatible, [EMIM][OAc] and
non-compatible, [BMIM][BF,] on S thermophile membrane permeability, surface
morphology, membrane characteristics and fatty acid composition were studied by SEM,
TEM, AFM and FAME analysis. [EMIM][OACc] was tolerated by S. thermophile upto 4%
(v/v) concentrations and the cellular response in this particular IL was comparable with that
of control. The antioxidative enzyme levels and the changes in the intracellular proteome
response to [EMIM][OAc] and [BMIM][BF,4] indicated global changes in the major
metabolic pathways as well. In order to explore the feasibility of using S. thermophile cellsin
place of its crude xylanase, a study was conducted for in situ pre-treatment and
saccharification of [EMIM][OAC] treated wheat straw and high amount of reducing sugars

were released as compared to controls.

The last part of the thesis covers the activity levels of another important enzyme system, -
lactamase which is manifested in B-lactam mediated antimicrobia resistance. The lactamase
produced from soil strain EMB20 of Bacillus cereus was purified using three phase
partitioning and gel filtration chromatography to a 30 fold purification and 15% recovery

yield. Contrary to the general trend, the lactamase was not a metalloenzyme but its activity
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was enhanced in presence of Mg?* and Mn®*". The EMB20 lactamase exhibited improved
stability against inhibitors and denaturing agents such as urea and GdmCl (Guanidinium
chloride) as compared to its commercial analogue. Consequently various types of ILs and
Deep Eutectic Solvents (DESs) were screened for their lactamase inhibiting ability. Maline, a
DES was found to efficiently inhibit the lactamase. The effect of individual components of
maline on lactamase inhibition showed that malonic acid was mainly responsible for
inhibiting lactamase. Structure-function and docking studies justified the work. Further the
antibacterial and cytotoxic studies also confirmed the potential of maline as a potent growth

inhibitor of B-lactamase producing B, cereus EM B20.
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LIRS

3afA® at 9T (ILs) FH gl § St 100 3 afeqaw & A e g & 3k
AR AR RO @ a1 8d &1 3 e arsq &elld, 3o golerefierar 3R eter g
S @THYE I[UT Ye R A § | 3fersh ol Uerdf &Y cardeh &9 & ToTisfAeh fsher &
qd faiaielellioeh SIa8f & qd 3TUR & ToIv SYANT fohar SITem g1 grefiteh, f@sher
TSlTsH 3R fohfOaa gadsial & Iid 3eTehl fasmerddr, 3= omerd 3R darsieresr &
ST 37k I3 YA I TN H FT AT 3ot el § | TAATT ey 7 $30h
aTe gy &1 3URRUfd # TRATHEET UosH gonferdl T fEerdr $r o & fov feew v
fafdest 3reagat o SR o aram & | TRATHT gadroha 3R 3eish TSIISH, St 3T R T
AT, AT, gaTd 3R ofqoT T TR AT & g SR il & T 3eTehierd 8id &,
SO dRA-USTSH TREIR TohaT & 3T & [T Teh e elaed JoTrel Uele axd &

TIRICTH YATEd, e YAlfhlos Had gl 38 TN TUcA® AR g s
faIwar3it & ganT e foram 31T | I8 Fash STScled 37 ATl H Fifdd d o
De-oiled SIEI®T curcas Siof &eh, STAISISTeT SENT I Teh SEATIA H 3U-3cUle TEHLT &,
Sitehl ST d A et oh Tl SEAATe foham Iy AT| 3eTehferey TRTEITaET #, 1025 U
TS / ATH SUHHT FT 3T [T IR™AT AT| AT of HaALm: 50 B3l Afcgaa )
45 f33i afeaay 31K 71.44 TBsTe & g% 8% FT YT fham| Ig 7.0-11.0 Fr =amges

o Aol 7 f82X 47| K., 3R Vi, AT 12.54 THNITH / TAT 3R 454.5 U/ THTS /
R |

yHifRfoR vH. yAfFET SEdad $r 3afas dta RAT &7 9dT @M 37| I8
[EMIM][OAC] & 50% de @fehd AR 2R 2Tl [EMIM][OAC] & &1 1§ & $[& T qd
39AR (18-25%, wiw STTSel) & ATY ILs &R va. gafwEe fSaresd 39ar (12 U /



THAU STgel=d AfATafer 3R 2 J / TAT CMCase T f®r Jerd) o 1Y IR-Y4-394R &
AP 281 THNAH FH el drell AR (&I & I Aefeilfoin 3R fSrame-
a‘ﬁ?ﬂ@éﬂ@ggw)qﬁrwﬂgwaww%msnﬁagamw ILs fER
USIISH Teh WTY Jd 3UAR, Ardeol 3 3afRIse HSTS & el & HEgdcl had &l
G&TH fRIT ST Hehdl & difeh GTohdT SETd YT 81 Fah| SEM, XRD 3R FT-IR &

[EMIM][OAC] Y& 3U€IR GaRT ThECoIeTgel & i el sl Iiee i 3R S8 aTg o =0T

H TS cled GaRT gISales ¢dh atel &R AR ST 315 |

% 3TcITar U, UAMB T HIfAR31T Fr AfFeT g sfaseifoe smaiRa

ILs &1 3ufEAfa & 37T caag—ar & fow Jra $r 318 | [EMIM][OAC], [BMIM][MeSO,]

3R [BMIM][OTf] & SIfRAep13iT T gefer AR STgeled Scurest i Ferfdd wgr fohar or
Stefeh [HMIM][BF,] 31X [BMIM][BF,] g&f& et wigt Al & YR & ILs f&Fea, Fard
[EMIM][OAC] 3R 3R-Fara [BMIM][BF4], % aRT Td. Aol FI Bieell IRIFICT,
g & TR, Breal! f[aAwan3it 3k Y vilis I« )W SEM, TEM AFM 3R FAME
fagewor fr a1 | vy, aHEffRer [EMIM][OAC] Fr 4% (viv) TigaT d TgeT fohar a1 3k 53
fareI IL 3 Tefer gfafsrar forasor & aryr gt oY) ddsifeisiea tamsa &1 & 3R
[EMIM][OAC] 3R [BMIM][BF4] & faT Serdieger N&TH ufdfshar & aRade o 9aq@
TATTY AN H #f7 IR o1 Hevel [GAT § 1 3191 5 SASeleld & FATT W UH. YAGS
SHITRIAIHT AT IUUNIT et hl STGIIT Al IdT oldTTel & ToIT, [EMIM][OAC] Id-399R 3R
QRAYOT & FIT Ueh 31earieT foham 91T, oIt 31 o ST sh 3urleT foham aram 3R e
&1 3T AT A faAfaa fRar e

MY T o 3TAHA HET F Teh 3N AGcaqul TalTSH YUTTell T ITATATE & FAT ol anfder
fenam a1 &, ST B- elere T 8, ST p-olered HEEYAT dTel UIMURTET GTeRIEr & Jehe BT &



e & Seurfea etereder et TRoT faetTaret AT Stor forediesT AT &Y 30 T[T Yefer
3R 15% Repeadl dres & Jeer fovam I ATl ATA=T Ygi o faolie, deredst Aeaias
STeT AT oifehet 38T AfAfafer & Mg?* 3R Mn?* &7 3ufeafa & serr =T a1l EMB20
AFHS o Y AIOITSTR 3T T ol A JRAT 3R GdmCI (Guanidinium chloride)
S HeHAh IR fAHfavr Tole & e deck FEar &1 vede fahar| Adteras,
fafdesT 9hR & ILs 31 Deep Eutectic Solvents (DESs) T 3a7eh oleFcdiol HeHP &THdT &
fore Sfrer T 31| Maline, Tsh DES 8, it Ferelciiqdeh olercasl sl S1f8d el & fore f&er
7| eleFetsT AT 9 Maline 3 3TelaT-37019T Teahl & 3R fo@rdr & o Aifas ufas
HET &Y § TR elere st o [T SrAeR o7| Se=r-ar 3R ST eqae o FiH T
3T SEraT| e SiaoRE 3R Arserefdas eage o o Maline @ Femrfad .
AIEH 3CTGH - AFCHS & Ueh THT Ahra-3raR1ere & &9 7 gfe |
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