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ABSTRACT

In Escherichia coli (E. coli), the expression of the catabolic operons is suppressed in the

presence of glucose. This phenomenon is called glucose effect and is usually explained by two
regulatory mechanisms namely, CAMP effect and inducer exclusion. The data suggests that both
these mechanisms cannot explain the 600-fold effect of catabolite repression. A mechanism
called ‘positive feedback’ has been hypothesized to explain the huge effect of glucose on
catabolic operons by Narang and Pilyugin (2007). Since positive feedback can amplify the small
effects of inducer exclusion, cCAMP effect, and dilution, it seems to be the most plausible
mechanism for catabolite repression. In this study, positive feedback mechanism was checked by
an indirect method, i.e., by testing for the presence of bistability as it is the definite proof of the
existence of positive feedback. Bistability has been observed frequently with non-metabolizable
inducers. But to date, studies investigating bistability with metabolizable inducer have produced
ambiguous results. The main aim of this study is to check bistability under various conditions in
the melibiose operon. In this work, we studied bistability in the strains having varying activities
of a-galactosidase, keeping the permease level constant. We observed bistability in all the
strains, importantly, wild-type strain (lacY”) for melibiose operon. In E. coli mel operon,
catabolite repression was abolished by over-expressing the melibiose permease by four-fold
under the control of an inducible promoter. These two observations strongly suggest the

existence of positive feedback in the melibiose operon.

We proceeded to investigate the effect of overcoming of catabolite repression on carbon flux.
For this, we used various constitutively expressed melibiose permease mutants and measured the
glucose and melibiose consumption rates. We found that as we increase the uptake rate of

melibiose, carbon throughput increased by more than 50 % which has important implications in
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biotechnology. We also observed that on increasing the permease level, growth rate increases on
melibiose as the sole carbon source. It suggests that melibiose uptake is the limiting factor for

growth on pure melibiose.



ISIEY
TERITIAT Flell (3. FITS) ﬁ,mﬁﬁﬁmﬁcatabolic operons (39T 3TTARTT) Fr

3iffcafed g a1$ ¥ 3T T FY To[IST THIT' FgT ST § 3R 3 MAAR R & s
AT GaRT HHSIAT ST &, CAMP effect (cAMP 9#Td) 31X Inducer exclusion (Inducer 39dsisT) |
3Miehst & T TolclT & foh Gl o S8 YehR o UET &HT (catabolite repression) & 600 [T
THTS Y SITEAT AE1 T Tehd & | AR 3R PeflaTgeT (2007) E@RT catabolic operons I Tefehlel

& TIATST THTT T SATEAT A & TIT '"HhRIcHS FTAfhAT (Positive feedback) T8 Uah o

Fr IRFeT=T T IS B ‘j;h HhRTcHS IfafehaT Inducer 39aale, cAMP T, 3T FaeiR
TSl o BIC GHTAT ol §¢T Tehall g, SATAT T UET AT o folv Tad 3118 gate a7 Serar gl
SH AT H, GehRTcH FTATshaT o i 3r9cge fafer qary s i 18, 34, gfaeadadn

(Bistability) & 3ufEafa & 9dieTor & foIw, Fifer I8 TFRIcHAS wiafshar & 31¥dca &1

fAfad gATT &1 IN-ACEISAT Inducers & ATY TR-IR GfAEaAdT I 775 &1 oifoheT
3TST deh, metabolizable inducer & AT EIIEANIAT HI ST LI o 3E9se aRoMA §-
€| 38 3ETT T HET 38T AelSS IR & i [Fufarat & ded afaeaiigan
S AT | 1A H, gHe HAT-ER Y [T W §T, a-galactosidase T HeTaT-37erT

aTfafaRaT arer yarg # gfavaiigar &1 a3 [haT| g0 Tl 3Udel H gfavaadr odr,



HAcaqUT &Td, AITSATST TR & TIT SaTell e & Sitg H #f7| . el AT TR H,

37YSE JACR o fAAAOT H IR I[AT SaRT HATAIST T 3TAT ifHcT T hieh AT SHA T

AT R AT Iam| 57 gt fevuforat & AN iR & 'JRicAs gfafsar &

31T&ccd &I SRR gord e g |

g PIeeT FoIFH U UCT GHeT T HTHAT el o FHIT FI S FT | 3T folv, g [affeeT

ST & F g fohv 1T ANTIAST ARIT F=yde T gEAAT fhar AR Tl 3R
AT @I & I ATIT| §H IR § o 9 dh g7 A9 I ‘Ao’ 1fd & sed &,

ShTeleT SHIIETHAT 50% & 3718k T Jiig id 8, ST ota Fieh et # Ageaqul [Afgard &1 g T

ofr AT & for AT & TR Y T U, THATT Il Tid & T H Aol oAl W QAhT et ae

ST & | T8 91T & T A s aer, Acifeds W Qe & v fifAd sRE £l
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