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Abstract

There are several ribonucleases (RNase) in Escherichia coli and presumably, each one
has an important role in RNA metabolism. After an individual RNA has been fully transcribed,
the fate of that RNA is determined by its sequence, structure, and availability of RNases, which
may be determined by conditions inside and outside of the cell. During growth periods, the
majority of RNA degradation is carried out by RNase Il, RNase R, and polynucleotide
phosphorylase, which lead to the generation of small RNA fragments. Small RNAs (SRNAS)
play a central role in regulating almost all physiological processes in bacteria. Majority of those
SRNAs base pair with their targets and modulate their expressions. RyeA, previously known
as SraC in Escherichia coli, is transcribed from a DNA strand complementary to the one from
which another stationary phase induced SRNA RyeB/SdsR is synthesized. RyeA and RyeB in
the stationary phase constitute a toxin-antitoxin system where RyeA normalizes the
accumulation of RyeB toxin by acting as RNA sponge. Ectopic expression of RyeA was
reported to diminish the RyeB accumulation by serving as a RNA trap. Aside from that, no
more information is known about the regulation of RyeA expression. In the present work, we
have systematically investigated the regulation of RyeA expression in different growth phases
and identified that RyeA expression is regulated neither by stationary phase-specific o-factor
nor by RNA chaperone Hfg. A dual function ribonuclease RNase BN mitigates its expression
in the exponential phase and stabilizes the RyeA expression upon the deletion of rbn gene.
Thus, the lower abundance of RyeA in the early exponential growth phase turned out to be the

outcome of its degradation by RNase BN/Z.

RyeA is an acid stress inducible SRNA, and global stress responsive factor RpoS was
not found to regulate RyeA induction. RyeB under low pH condition was also stimulated by
~4-fold in the form of ryeB-pphA dicistronic transcript. However, RyeB population was found

to be decreased by > 50% under the same condition by the decoy action of enhanced RyeA



accumulation. Investigation of the mechanism-why is RyeA induced at low pH in the
exponential phase, revealed that RNase BN/Z, which catabolizes RyeA in the exponential
phase, appeared to be highly sensitive to low pH. Both mRNA and protein levels of RNase BN
transpired to be decreased to < 10% of their initial population. GevB, a SRNA which protects
rbn mRNA in the exponential phase, emerged as acid stress sensitive SRNA in this study. Thus,
the expression of RyeA under acid stress is regulated by a feed-forward mechanism to
normalize the RyeB profusion. These regulatory mechanisms will help identify the primary

role of RyeA in E. coli.

Furthermore, E. coli adaptation at elevated pH (9.0) has been extensively studied the
alkaline stress response of RNase BN expression profile in relation to pspF transcription factor
regulation. Phage shock protein F (pspF) protects the bacteria during stress, which encodes a
transcriptional activator named for its role in phage shock protein response and it activates the
target operons (pspABCDE and pspG) by >*-dependent transcription. It was observed that at
high pH, the production of RNase BN has been increased. Simultaneously the expression of
pspF was also increased after stress, while at low pH, it was completely degraded. This study
showed the stress (pH) specific expression of RNase BN and observed that the RNase BN up-

regulated the transcription of pspF by up-regulating itself.

The final part of the thesis covers the regulatory role of ribonuclease D (RNase D) on
small RNA expression. Based on the result obtained, it was elucidated that RNase D was
identified as an important regulator, which modulates the expression of RyeA during the
exponential phase, simultaneously the RyeB expression, which is o-factor dependent also
increase its expression in exponential phase upon deletion of rnd gene. This part also covers
the regulation of RNase D on CsrB, McaS, and IsrC expression. The expression of CsrB, and
McaS are increased in wild type, while this expression remains constant in RNase D mutant
cells. Thus, it confirms that there was no regulation of CsrB, and McaS by RNase D. But in the

Vi



case of IsrC, expression was increased in the stationary phase in the wild-type. However, IsrC
expression was increased in the early exponential phase upon the deletion of rnd gene. It
indicates that the rnd also regulates IsrC expression. RNase D also plays a role in the regulation
of the CsrA gene. The expression of CsrA was increased in the stationary phase in RNase D

mutant cells. However, it was almost constant in wild type cells.
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R

TR PIaE § B8 A3aGRTIIT (RNase) § 3R Y, 3RTT Ta1999 § UdH
& HEdqul AT | ol fdd & RNA &I I8 TRE ¥ RIFIART A & §16, 39 RNA
& YT T RNases & 3, TR 3R IJuatsudl gR1 Huffa fvan smar g, 3 9a & sieR
3R aTeR 1 Tl gRT iR foban S Feba ¢ | e 1 3fafy & SR, 3RUAT &R
T 3BT HIT RNase 11, RNase R, 3R UTcll -faerdei3s Wb RISaS gRT {1 Sl &,
S B RNA 3721 Pt Uit o1 A B g | BIC ARTT (SRNAs) SaeiRar § @t Faft
RIS Ufehanait &1 fafafid w71 o T e yffidT AUTd §1 37 sRNAs 99 TR &
SfUBTRN 3T &N b TTY 3R I HTA! ! TMAT B & | RyeA, 1Y U8 Escherichia
coli T SraC & U & SHT ST §, ! Th SILU K & Al I Ui foar e ¢ forad &
T® 3R fRR TR0 URd sRNA RyeB / SdsR I giaT 81 fRR TR0 & RyeA 3R RyeB
T fqu-eh gurmett &1 fAafor #Rd § S8l Rye RNA TS & 70 § BRI 65 RyeB A% &
TG DI FHRI AT | I3 & TaeiUe UG $I RTAT oA & U H ¥dT Pb
M58 g B HH HRA o 18 Gfed a1 T AT $9 31T, ST iNafad & aa-
& TR H 3P THGRY Tt 1 Id9H &1 H, g6 Sa-3aT fawTy TRON H RyeA
3ifireafet & FTwH BT afRyd U A S &1 8 3R UgaI § fb RAA 3if¥edfa 1 7l
fRR TRUI-AIRNY 6 - FR® gRT 3R 7 8 RNA ILR Hiq gRT Fad far Sidr 81 T alg?
P AZSTIAgSl RNase STTF G TRUT & 30T ifireafad & &0 PR aaT § iR
RETTY S &1 §eT TR SRSUT SHTHATRT BT FRR AT ¢ 39 UPR, RIS Oy
gf< TR RAA Dt Al SgarId RNase BN / Z §RT 38 &RUT &1 GRUMY (AT RyeA
TH RIS T SSqUTd sRNA 8, 3R Rye SSIRM SSIRM &I WA IR & (AT TAad
W 3WITYg e RpoS el Ur 7T | %1 tiue fRUfd & d8d RyeB ) ~ 4 7T ryeB-ppha




dicistic transcript & =0 H Iford foear Tar o1l gTaifes, RyeB CARCICIE R q@ §?§ RyeA

@1 & HRATS GRT A YT & Tgd> 50% TP HH i1 U T W | o Bt SArd-af
RyeA HTcd R0l § ¥ UTeg 1R O §, 7 o foar f RNase BN / Z, ST 91T TR0T &
RyeA T catabolizes HRdT &, HH WD & Ufd A% Jde-=id faxarg fean| iRuuey
ST & THIRTAT 3R YT TR QI bl ITeh! URTHD SMTETeT &b <10% b e foan |
GevB, T sRNA SiT HTcHd @RUT H rbn mRNA &1 IRET Rl §, 39 37100 § TRIS a9
eI sSRNA & U H IH| §9 UBR, TRIS TG & dad s B1 AT Pl T
Ps-hRds a gRT fafafira fosar sirar g, difes Wsd & Teas! &) I fHar o I |
3 faf oM 99 S BIdTs H RyeA &1 WU YHHT &1 UgdH &3+ H 7ag Bl

2h AT, 39 UITd (9.0) TR § DI IR BT AUD ¥4 ¥ pspF Uldead SRS
fafge & Hsiy H RNase BN SHfHetfck] UIthTsd & &R o=1d Uidha &1 (&g foba
A1 | Bl Dids YT TW (pspF) TTd & GRIF SaeiXal B & 6l 8, Sl o e Uie A
yfaforar & o=t yftenT & fore TG T CRaforIAd TUfdeder &l THdIS HRdl § 3R U8
o 54-F1R TP A ¥ TR SO (pspABCDE 3R pspG) &I Afshd Hdl | | T8 ST

a1 {5 3= UIed &, RNase BN &1 ST S¢T [T 7T 8 | 39 1Y &1 a1d & §1G pspF
&1 fftiedfad | Hi gi gs ol Siafes oH dice #, gg G dRe J =r U1l §9 37e5e |
RNase BN & @1d (pH) fafR1y sifiyeafaq &1 fqmmar iR <1 f RNase BN 7 pspF &
gfcieie o1 wy-fafafird se Fafid faan

IR BT 3ifcTH YT Bl ARTAY TR TR ASHIaiS S (IRTALYH 8 DI s
YfHehT &) HaR Bl ¢ | UTd TRUMH & YR UR, I8 W foar 71 o1 f& RNase D &1 T
Hedqul fame & =0 H UgaMT 41 T, S 9T @Rl & SR RyeA Pt ifNafad &1
fafd ar g, 1Y 8 RyeB 3ifiafad, St fh o- FR® R AR B, fados w gt @R




o 1 SHD! SHfNeafad g 1 rnd SF P11 TG U CsrB, McaS, 3R IsrC 3ifHaafdi TR RNase D
& fAfTHT o ft IR HRAT ]| CsrB, 3R McaS B 3ifHaafad SiTefl TR # 9¢ Tl g,
Safd RNase D IR PIfRIw1S] H T8 Hfiaafad fRR I8 ¢ | 39 UHR, T8 Y HRdl
g f& RNase Sl gRT dfd CsrB, 3R Mcas &1 i3 faFged =8 o1
IsrC & ATHA H, 31ficafdd o STelt-UpR # fRUR TRur H ST 7147 47| gTaife, rnd SiF &
faeos R URfNS grcg TR H I1srC 3ificafad Y S 1T Ul U8 SAd el g fb s
IsrC 3ifieafad o1 +ft Fifd a1 g1 RNase D 4 CsrA ST & fFom & YT Ay 3|
RNase D IdRad! HIRIGIE H fRR [a®T H CsrA B ifiaafad 9¢ s | graife, I8
TRl YebR 1 ehITRrepTSHT H TRTHI R T
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