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1) Stationary phase

O] Al7|= H|AH£H| ¥ (batch culture)di| A MzO| SAIE M HIX[2| OfHX]
HO| ZE[O] JiM=2o| F7H7F LIEILIX|] = AlZ|E ettt (A8 la).
Escherichia coliP| A%, stationary phaseZ HO&THA M= | =2 04X
F=F9| X (ATP 2 ADP)Of| ZAgE adenylate9| HE& LIEIH=
adenylate energy charge (AEC)7} ZASIH Mol M=E=Z (viability)o| ZtA

Aottt 2 A0 2E, o] AlZ|AME oD LF¥et &2
T E 22 RAlEE A2 HoMCL
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- E. coli M. tuberculosis
Iransition to stationary phase - === Vibrig spp.
- P aeruginosa = Persisters
a2 1 Xl HE™EKA| AE] (non-growing states)l (a) Stationary phase : H|H™H
& HiZO|AM O|& 7ts%t BAEQ| A0 matM M=ZES| J&0| =X|Ctrt H=E=
= A|7|. (b) Long-term stationary phase : stationary phaseO|Z MIXE 9| ZZAsH
daE AXHM MZo| dFu =30 #dE 0|F0 LP+E MES7F XK
= AlZ]. O] M MEO Felot EAHH(GASP)O| LIEMH. (¢, d) Ata7) 25 4%
(ML} &< MZHo|M P. aeruginosa (c), M. tuberculosis (d) 7} QZ&SHK|= 4X|3H
ME $£E£E AH™SHAH SKX|St= A|7]. (e) Viable but Non-culturable(VBNC) : MZE=S
H2 UX|Tt colonyE AKX ZSt= HEN. (f) Persister : AR FF o2l
O Mz=7I d&3otX| = HElEN T2 A gt A2HE0| A2,



2) Long-term stationary phase & GASP phenotype

StationaryphaseO|Z, FH M=ZE FOAM LEE= 2|0 SLXE0| |0 Ct
£ LUMA|= Ol 0|83l LAl &= dt=Hl ol Mzl Hgar ArEe
H£0| #¥<Z O|F &= long-term stationary phase”t L}EFCCH (O3 1b). Of
AZI0A CHA] dEZ5t= M=Z= =00 2/siA CHE M=o B|oiAM o
ol 22448 HO|l= HETY(GASP; growth advantage in stationary phase)
Of LIEFEHCHE 2; S® J&7)). Lok Ctdot Rl GASPE HO|= MZE
=2 F8E population2 X|EHEHOZ HDISIHA heterogeneityE HOICt
(MZ 2| heterogeneityd] &tsiM= Or2{o| FCG KtM|S| A7iEH. GASPAEL 9
MES2 dZ0 Felot f8AES €5t H35t =& HO[X[2E A|

Z 2YS XSsts SIS JHNCL GASPHE|S] NESO| Xf@iZo| HZO|
S T BOFE oiLto HEf L + ULt
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3) VBNC (Viable but Non-culturable) AE{

M| MZEE7|(growth-arrested  states)Of| Al M|ZZO| A4 =2 (viability)0| Af2}X
HOZ MZIE MEE0| AXZE AOIYX|TH colonys MK Rt
HEfQl VBNC (viable but non-culturable) state@& =QIst A1=0| UL
MM Z 2tF0 EXot= E2 M S0| VBNCHENO|H, A 2HF0A HYf
E|X| @ 0lRE O HRY HoR Mt
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4) Persisters
JLE0| & HE Q= ME|E persister state2} ot
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2

JEIZ =07t 7| SYE DZSEM FH-FE7I(growth arrest)Z

=07t= 715 AOol= S32 =2 /47 US A2z od=lrt

3. d&’dH|7|12] heterogeneity
Ol MZE2 Mz AEl(growth arrested state)?] MEZEOIM= ME

CI2 EAM = MI=ZS=0| aJj =XftCH(heterogeneous population). O]
2ot M2 CHYBE growth arrested stateOf|A 2t & = QIO

long-term stationary phaseOf|A| E7 M20|A S2|3t population0| 29|
Hotn Hobst= 0| %3 £ CFE populatione] w7t SV El=
heterogeneity2 EO|A EC} O o2 mAAFW FHAS| ChHdo et
S dESt= populationO] ZFEOf LIEtLtE SIY 2 SHAEICH FHd
Z719| heterogeneity= persister stateOf|A] & T = QI H ofLz},
biofilmd M= =FQI=ICHI. Pseudomonas aeruginosa®}l Bacillus subtilis7t &
Mol= biofimE MOjEozZ ULl 30| =t biofilm EHO| MES
Of IR MZSHL =2 dT& A a8 LEIHCHAE 3). FHd
S0 Crfet  HEfel M=ESO0| A0UA=  heterogeneityz= QU3
population =F0|A TIdst A Antz= M d&712 MZE 27T3] O
sist=0 ZHMEo| dotrt. matA ol2{et S sidste MZESHe| X0
He HrOb de5tA 24517 i THEMZE =F2 M= HotE =el &
=

|0 QUCH

A 2

B Growth-arrested state
Cross-section sampled by laser-capture microdissection

gl 3. P. aeruginosa 7} @M35l= biofilmLi 52| heterogeneity

A WHNI| APE Y BAH

HE0| HE NMESE2 CHAF &3 (metabolic activity)0] =2|10 AZ L
= 12Xt (macromolecule)=2| signal O SCH % OfL|2f A AT
St Aup 20| O] AlZ7|0j& Of2| populationO| 439l heterogeneityE L|IE}LY
O, O|F TS| fIshMe 2 M=EECHR(E D20 MEZLH| ofF B2 &
= S X & = UAe MER 24 "0 ¥=HO|Ct



= Ba
@ *Ninammonium Lipid extraction JJ_'U Gas chromatography
e [ b (2] ¥
WL

3

. BC in sugars ‘F‘}rlo[ysis
= lsotope ratio mass
*H in water . spectrometry
H. H,
Bb [
DNA extraction U_ ight' 1Sequence 165
> kil Light” DNA rRNA or other

ﬂ__ ‘Heavy’ DNA —lgenes of interest
CsCl gradient
Bc

ManoSIMS _ B 50 SN ratio

v

2l 4. Isotope labelingS 0|2%H MAHMHEA7| M=E 2M7|=

HHEE7] A= M=ZEQ LA™3BE growth arrested stateE X|&£g = Y=
retentostat cultivationO| O|&EZICt. O] HHXYFEH S chemostats?t SAISHA €&

dot SYES ST, ME= HE|X| @1 AL FX[5t0 80| A
Ue 2HAEOAM Mo HotE ZHES &~ QUL Heterogeneous populationL
oM gds 71T MZE EXl 37

oAM= o0l 4t FAMME O 8%k T
HE HXQF O B HhSdto] CHHAZS FE2| @ = U= BONCAT
(Bio-orthogonal non-canonical amino acid tagging)?|==2 O|&3%}7ALY},
heavy isotope(®™N,*C*H)labelingi2 0|23%t 2 QICt (A& 4). Isotope
Iabellng‘=“° |:||7L57|. )é)I-EJ GC- MS7|A° X"EM?:I Ex-i 7(7-|0-|| 'c‘sM-IE|i
lipid (A3 4-Ba)t o =& LHOIAM &S CHALE LtEFL= M= DNAS
22[(22 4-Bb)E =QIts SIE=&E StC} X2 =0 population =Z=0| OfL
2t MEZEZEO2 228 LS| MEE 2HEE £ Q= microfluidic device
=0 JHE E|of, SECOAIZL et M=t JWEXo=z  ME(FISH,
fluorescence in situ hybridization)st11 subcellular scale2 MZELjES| =&
CHAFEHZE 241(NanoSIMS, nanoscale secondary ion mass spectrometry) =
Jts SHRCH (12 4-Bo).



5. 8EEM7| M=Z2Q| thAib

FHetdol FLE0| ALE0 FHMIE7I0 TEet MES2 S SHA
ZotHEtE MZel dEN EaHe V|2 Fdeaet ME W oHXE ¢
d TELR FA5tR, 2F HetE X oti 4 g g & Us =F
7|22 EQS|OF SiCt Ol M= ME 2f9| PMF(proton motive force)
TAls EHOIX|R MZ7F AH=AOM ARESHE 7|&E RAl & &+ §©
ooz, J|ENE HE 7[2E 080 OUHX| YM5ALL CHE 2?2 25
AHE3H0 PMFS RSt
MzZ7t AMgsts 7|20 RZEH MZzs d¥s HFED MZEUel 744
B(FE ribosome 222 QX|AOHS AUEE B3j(catabolism)sto] =X Q|
otCh O Ao MZ= EXP 3718 %01 SO CHH|

OUHXIE22 ALE
#HHEH S JOi3t A S
o2 MTE(E. coli, Vibrio cholera, V. harbeyi)0| OflX] 1Z ArgtofA B
-oxidationg &3l QX[EYS Zoist= A0 2ol EA2n, ME= A0
ol &tE 0l acetyl-CoAE O|HX|H2 2 A&St= RAEXL HasS T
11 TCA cycle CHAOf| 23] AZEQl glyoxylate shunt(2 2 5 3|AM tAH)E
MERSH Mz Lol Z|ATto| SHMIAE X% Lt

M=ZEs M=ZESo| MXtztat™ =k FHff(electrochemical gradient)
QS +A7t Ol CH2 7|2e AFRSIZ|E 3Ot CHEXQI o2, Ha
OIMlOf ZUSHH AATF | RIS hypoxia ALEHO| SO|H I PMF
0|88l etdkl= ATPRt MXIHEA S 2T A =ENEZE AT 4t
H=35iCt o] At=of M-8 17| 8 Mycobacterium tuberculosis(71 2!
SM SiMH)E TCA cyclez HILHE RIMA|ZA MMHEl succinateE M E
+=55lHA electron gradientE O|F0{ PMFE {X|st0 O X|E
F.

712 SN HZzs M= R 42 %75'01
OfL|2t M=ZRFo| 7|HE Z[Oiet M= W= =
ot =& CHEl A = (high-affinity transporters)Q| %*3._
GASP ME{fQI #F AFTE SoiAM =l = A2, siF M=
oF HCOh QF 9l ofbjitE 2HOFES 0| AHLH(scavenging)

=0l (catabolism)0f| 20{St= FEAZL| Y0 S7teto] 2ol &ALt
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Lipase PLADH ALY Key pathways
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SO “$ ot MEH01I)H X+=8EE St MEE= ribosome FTXIL| ™AL
HAO 7t B2 OHX|E ARSHH O] EhA(rate-limiting step)7t 7+H&
| X[=dZ7(e] A gd2 ribosomel| g et Hetgict
(12l 6a; exponential phase). HAHEEH7|0M= MZESl MEHH (growth
arrest)7t R E 2tF ZA0| et HoHE SYEE0| CHEX|D A4ZE QX
Skl Z 2hdol| XM385t7| @8l M= stringent responseZt YO{HCh SHE
HE2 AER A0 HHESt= RpoS Al0b QIXtRt stringent response
alarmone 22 22{%Xl (p)ppGpp(guanosine pentaphosphate)| T 7}X|
20 2|5 Of7fECh RpoS= AE|A0 OiEdts XSS HodE B
AlZ saok ofL|zt Dps(DNA binding protein from starved cells) GHEdZ
=0l DNAZ JIFA7|2 M=E RN ZdE= SHd=EFEF
genomic DNAE §3H:r (P)ppGpp= DksARl Z& co-regulatorss1t

o o N o

T CHYol SEXESE2 x-S, £5| ribosome(rRNA, ribosomal protein)

ICH (32! 6b; early stationary phase). 0|2 a2 M= ™

HAF Eoe2 dAA7|H, SA0f MzEel detd 58S HEFE o

|2 20| X3t} RpoSet (p)ppGppes 7122 M 'dE7(01|A

3|2 M= oA Zadte d2E HO|H, RpoSo| 7|sXQl HAE
o

— o - =
2o7|= =CQHOIZt 2Ol BF 209|8 O AlZ|0Me] 4E BAHS =



KL 2R RpoSet (p)ppGppe MZ7F X[=dZ7[0M EMEE7IZ T
St FUOIM FE S & A= dZECH
AN HFst ZEIIE QY E MIEE small RNAQI 6s RNAE 0|84}
RNA  polymerase  holoenzymelf  promoter2| dsts 2ESH SFAH L
HPF(hibernation promoting factor)2f Rmf(ribosome modulation factor)0j|
o8| ribosomeZ CHHE HASTHERH Z2Z(A|7|l= WHoE FHAQ
LAHS AAX| AlZICt olmf AHZ|E ribosome2 OHX|RF2E ALEE|AHLE H
HEZ7Io 2ol FHXE LASt=H MAE ECh FHEZ7[9 M=
= dE0 E=Hel = o2 WHA|Z|, O MZ= RNAPL}
ribosomeO| 7|& EZ=0Z QI8 AS 231 AZ|7] Q8] EX QXS
= g ZolAlZICE © of &ol =&2 M=ol HEf0| MEtM &
sHez2 xFE0 I |
= 7AAZE = JAEE oA E 6¢).
y

a Exponential phase
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