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Ribosome of prokaryotes ([R#Z &%)

rRNA: BEH & R D15 ( ribozyme : RNAEER)

growing polypeptide chain
STEP 1

Large 50S ribosomal subunit
: 5S and 23S ribosomal RNAs
and 34 proteins.
RIFrEEEBBID
(Peptidyl Transferase Center: PTC)

tRNA:3
il Small 30S ribosomal subunit

vk 16S ribosomal RNA and 21

. . teins
outgoing tRNA > Pro -
— mRNADEL 5 D A Y IH R,
mRNA: B{=1EH
l A-site is occupied by aminoacyl-tRNA
\/ P-site is peptidyl-tRNA
E-site is harbouring decylated tRNA




growing polypeptide chain

newly bound
. _tRNA

Figure 6-66 Molecular Biology of the Cell 5/e (© Garland Science 2008)
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Nascent peptide exit tunnel (NPET) and
Peptidyl Transferase Center (PTC)

Nascent peptide exit tunnel (NPET) Peptidyl Transferase Center (PTC)

| Peptide bond
| formation occurs here

The P site holds
the tRNA with
growing
polypeptide
attached The A site L Large
holds an subunit
The E site aminoacyl
holds a tRNA tRNA
that will exit
a Anticodon J
5 UUAUUUCGGGGAACACUCAGCUGAGGAUACUAU 3’
mRNA S
Small
subunit

Molecular Cell 2014; 56: 345-346
http://www.discoveryandinnovation.com/BIOL202/notes/lecture13.html
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Nascent peptide exit tunnel (NPET)

The P site holds
the tRNA with
growing
polypeptide
attached

The E site
holds a tRNA
that will exit

The A site
holds an
aminoacyl
tRNA

5" UUAUUUCGGGGAACACUCAGCUGAGGAUACUAU 3’

mRNA

‘W-—l

w

Anticodon -

r Large
subunit

+ Small
subunit

‘_h THOOSARREOEREE

Pz AR s

BT F LLTrRNATHERR S TLY
B/, YIRY—LAB/\YEL22L1L4(Z
SY—E > TWNBDHRE A H S,

IOASARREXZDHREBERLLIIC

VDo >HIYPHIMSAANDnascent peptided
transpeptidation (RTFKFEEFE)ZFHNHIL .
FN)ERERET S,

YR —L0D23s rRNADTEE(IZ KXY,
TIOSAFRENFEETELLGY,
BN ERDHERA, TiTTEEES,



23SYRY—LRNA VRAS LIS ELER
MRMPIZ23R J7RY/—LRNAMDDomain VD S ZERIZKVYiERZ S,

23S rRNA Domain V

Ribosome

mRNA §°

30S subunit

A2063G mutation: adenine(A)—to—guanine(G) transition at position 2063, A2064G, or A2064T.
ZTENRILHEETRECHETHE. |, A2064G, A2064TIFA2063G LY Growth disadvantage?
ASEMBBRLEN =MD, TEEBENEFEMEYGrowth advantageNH A EITE XL ?

Microbiol Mol Biol Rev 2005; 69: 101-123
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Ribosomal DNA (rDNA) (ribosomal RNA Operon: rrn)
and Ribosomal RNA (rRNA)

Ribosomal DNA (rDNA) (Ribosomal RNA Operon: rrn)
= coding for ribosomal RNA (rRNA) (rRNAIE & A2 51| Z3—KL71=DNA)

*

Genes: +ONA 5S rRNA| tBNA
o> [ES TN 235 rANA e | 30S pre-rRNA |
i - - —
Promoters l Teminators

|.30S pre-rRNA| [Transcription] "
L AL B

tl Cleavage at '

168 (RN A

Further trimming

58 rRNA

— i e
[16SrRNA tRNA  23SrRANA 5SrRNA tRANA |

*




Ribosomal DNA (rDNA)
(ribosomal RNA Operon: rrm)

Biophysic property M. pneumoniae E. coli

Number of DNA bases 1,632,788 9,279,350

Number of rDNA 1 7
Number of ribosome 300 6,800 — 72,000

Hﬂd)rDN/;kﬁiliwo 1fEDDNADZERIL. fth

BHELTORNAIZEET DOENEELZSHLEL
B 1/7&D750N,
(rDNA@%lE(d:iiEH"J)
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A: 23 rRNA ZRE(IrDNA DZEERDFER THD,
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(DNAQOZERERIIL\VOEZDIDH?

Central dogma of molecular biology

O Replication 8% O
(DNA Polymerase)

DNA

lTranscription RE x

tRNA
tRNA (RNA Polymerase) oSy = L
rRNA mRNA , 9
Translation &R Ribosomal DNA (Ribosomal RNA Operon)
Protein

A: {DNA OZERIITAaTSATODNADERDEIZEZS,
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i (DNAZ R DI DX

= Doubling time :8 hours (E. coli 0.33 h) (Incubation period: 1~4
weeks)

= a circular DNA; 1.6 x 10° bases
= Mutation rate of DNA is 1077 ~ 10~'! /base/replication.
(1EIDEETI107~10" IBEDIEEICER:
1 base mutation/107 ~ 10'! bases/replication)
(RNA: 104 ~10° bases/replication)




Q: DNAZERAZRECTDIZEDLLL\ DRI

!'_ HBHISH ?

A: MRSPAMBEFRAET BHICFAD73KEHT-10BLETHY.,
—DERIIMERFEAEREELZCELS,




Q: DNADZERZE L=, 300DYRY—LA
NETERYRY—LIZLEAIHREIE 2




3001@ MDribosomal RNA

300fE D rRNASR T {E DrRNAMZERL1=5. I
55 IEF,

rDNADZE R

1) WD

\ Doubling time: 8 hours

8EFfEl : 1R DEH: 1/2HMRMP

BoBRERE

] TR

16050 : 2R DEH: 3/4H’MRMP

18

| : i
1,.r15.---..----,_..-,..h.______._;_-------.-- -
' r-—-a.ﬁm—-‘

—= B

MRMP 2 TOHORNALVZEE LM EMNTR 8BRS 16B5RT 24B5R5




Q: DNANRZERZECLI=t. 300NYRY—L
NETERYRY—LIZGZIHREIE 2

A: DNADZER(TRERNTI B - 5a AAR]
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MRMPA1EREL=5. ES5LDIHN?

HERNADHIMNE, </OFAEHRE

c&InG AN ]| (Drug pressure) £ TMRMP

7
. . Ve
— = = = Quasispecies ? v -
(= C— C— C—
= s s Ca .
SEEE - .
25054 RERLL - “ | Growth advantagelZZiL V=55

IOOSARDEFEEE MRMPI3 R 7F
BEEL<SETE A

it 1% B [ZGrowth advantagehid I, MRMPIX ;8 %
- EBHICTHER A aTSXTAHBRL T,
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Quasispecies (Z &%)
[ LU= (=Quasi) +F& (=species) |
(MSMP+MRSP®)Mixture)



RAATSATiREBE
—Pyrosequencingik T &M AT XTI B EFERD

QuasispeciesD R H- Quasispecies NE B 7E

a

MRMPDEI& 0% 10% 25% 50% 100%
@ MSMP _ :
MRMP |
18/85 \33//85 NS NS NS
(21.2%) A 6/85 2/85 26,/85
“““ (30.6%)

Pyrosequencingik T48.2%lZQuasispeciesZ#& 4

HEE D Sanger sequencingiEFE =& Simple Probe PCR{%
TIF30 4L A ERE BRI TSEN 1=, J Clin Micro 2013; 51: 2592-2598
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AZRITIOSAFDOFELEELGHE
H£ZZAICIE, w/OTANRBE,
Quasispecies DR Z BT S5,
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TAATSX 2D ERTHIENREL

!'_ -EDMEMNHS de novo mutation

in vivo

in vitro



ILATSXATM RO AR TIHESNREL-RE
i de novo mutation in vivo—1

s Emerg Infect Dis 2011; 17: 1079-1082
= 9/30:A2063G mutation

= 2/9: a mixed population of both resistant (A2063G)
and sensitive (A2063) (QuasispeciesMDTF1E)

4 1/9: de novo mutation: 6—-year—old bo;d

QuasispeciesD 24l & de novo mutationZ £t 1> 5 JEHi



TAAT5X N #OERTHESREL-HE

de novo mutation in vivo—1

= Emerg Infect Dis 2011; 17: 1079-1082
= A previously healthy 6—year—old boy A FEIR 28 B R AE26 H R IC AR GHE)

azithromycin doxycycline : :
198 [ (T A1) 3) ciprofloxacin
AR 5H [ 336 (Za—F/a2<FY)
fREEd 458 [E
P B AR
I I N I NN TR N N M = anion oy T TR N N N B B
0 10 20 30 40 bk
;afar 78 110 22H i @C 'fﬂ \f&
MSMP  MSMP Mix MRMP e Rl
g LA—““‘N\ Samples
— o N L'ﬁu”lm
N7R51FRAEA e bl
[Eo&EYLEUES —

Position 2063



ILATSXATM RO AR TIHESNREL-RE
i de novo mutation in vivo—2

s Ped Infect Dis J 2012; 31: 1210
= An 8-year—old girl

ciprofloxacin

ER SR % ﬁ;;;gj R~3)

azithromycin azithromycin 3H

5H [ A8F5[E TR R

fREEd 24B5 [ THEEL

5 10 15
gy rae +h : 46 % ciprofloxcin{s FH
;nﬁs’%)lgj :nz:M?mycmﬁﬁﬁ A& 3. JEME
MRMP
MRMPD A NREBRTES?

IR EDMRMPAYETE ?
D=6, EMRICER?



TAATSX#DERTRHESREL-HE

de novo mutation /in vivo—3

= J Clin Micro 2012; 50: 3402-5

= A child with Job’s syndrome
= josamycin (16 E¥8) during 3 weeks + roxythromycin (145 ¥8) 4 weeks

i i i G 0 i
Day 7:- A2059A (Wlld type) ACGGG AC GG A A AG AC CCCAG
20151 20|56 20161 20|66

Day 55: Mixed population of A2059A (wild type) 3
and A2059G (resistant type) Positipn 2059

The same multilocus variable-number tandem-
repeat analysis (MLVA) type (MLVA type I)

REFASECRERYIOSAFZEALMRMPAGEAEL . 55H B [ZQuasispeciesDTFTE



TAAT5X 7N DERTHESREL-HE

de novo mutation /in vivo—4

= J Med Microbiol 2013; 62: 1876-1882 <054 ~EFARABE A A
= 6/32(19%): MRMP S E R CMRMPA R H
= 4/6: de novo mutation j{a\&) MHNS5MRMP 75\7;& _

IMNR AR/ E KR Antibiotics
AR #2 (4B REAR) R Clarithromycin
4 BRICHEZZ (3B ABE) 1% (A2063G) Clarithromycin
FE Nz (44 3k) RS2 Clarithromycin
2 BRICEZE (94v3E) itt% (A2063G) Clarithromycin
PE I (9B ARBE) R Azithromycin
10 B%&ICEZE (16 B ARR) 1% (A2064G) A~
LYR P | (2#F2ETARB) | not done 3
KBk i
10 ;@& 1% (A2064C)

ADARTHRIADER., BEBELEARKICMRMPZERH



TAATSX#DERTRHESREL-HE

de novo mutation in vivo—5

s Scand J Infect Dis 2014; 46: 315-319
= 51-old woman
s Roxithromycin( 148277054 K3) 108 [H
= 6H:ZER4L;178: A2058G

= The selection of pre—existing macrolide resistance or the development
of de novo macrolide resistance, although rare, does occur during
macrolide treatment.

QuasispeciesDTETE . HLLITFFE TIEH S DV de novoZE R DRI EEHE ?



:L de novo mutation in vivo OFEELD

B DI IOSA R (ZxT S8 FE DRETHLHIZ de novo

mutatlon NEEFTRAEICRIGLUGUVER I XE -1,

X5,

RN RMIEDOEMNELIEFAADEFN TOHE

s REFLTIEIMRMPREEDERERITENVERDHLNS,

s 2T X DOBEEENSMRMPAGEA L TUN -ATBEEA T LY,
(QuasispeciesDFEHEZERH T HEHHZLY, )
s RODRBEEIZHBEDMRMPAGEA LTV =R DONSERIIL. &

[ZIERIETBH, REFELI=-MRMPAVAER THICEMML T, #8R/M
RIZEML. MRMPIZ&L SR ELTRET HEHMIH 5.




de novo mutation /n vitro

timicrob Agents Chemother 2004; 48: 460-465: SEE:= 1%

= MRMP were selected in vitro from the susceptible reference strain M129, by 23 to 50
serial passages in subinhibitory concentrations of macrolides and related antibiotics

= Erythromycin A, Azithromycin: C2611A mutation
= Josamycin: A2063G mutation

EEREMTMRMPIZIFEE T ADITYIATARTFEFE T T23~50 passagesh L E

= Microbiol Immunol 2001; 45: 617-620: £ 4 #

= Eleven (7.8%) of the 141 EM—sensitive isolates grew in the medium containing
100 i g/ml of EM during incubation for 10 to 28 days.

= Among 11 EM-resistant strains that grew in the medium, point mutations in the 238
rRNA were found in 3 strains at A2063G, 5 strains at A2064G and 3 strains at A2064C.

B TIT10~288 AR TlEMSELT-.

B4 M ICMRMPAR D BIRE >TULVETIEEENREZ DN S,




Iﬁﬁcﬁﬂ BEDPITMRMPAIH B L=
BRICEEZSAN?

A X —
BORE . v/OSAFEKRER BB /O /FKFE
€ > <€ >
TH7aS54FREXERASh TLVEL, MRMPOBALIZI#Ind 2RI aEfE (XA 7ALy,
B IR HAI"mutation ;a2-3H T, ABREREICTSATREMELS DL,
= L P 4@ P @D == == —_ = = .
e A O da /é%%%%égggg%gggg
S (s C— C— & & > (o> - C— C— C—
;B mutation
TR ) 2SS
=y Ly >SS SE T 2 W T >EEES
> (> >  — S (s C— C—

MRMPOYFEAELTH. BRIAI1-3BTHILEEZ DL,
BRICEEE RIFT AR AN,

BRHAXS AR BT de novo mutationhNFHFEL T, ARICHEE R (XTI AIREMEIT D LKL,
MRMP[ZREZ L THRAEL TLVHAREMEAELY,



TAATSXT A ABRNERD
TA4ATSXiiE

B TAIFSX SIS B RER
SRS
SESSE B
MSMP S S == > & = ARICRG
D - C— -— (CBRC )

C— = o= =

e > G o Ca— c—— _

o o> o> o > BEIZE
G o Ca— Ca—

FHMRMPRL &

I NG 1T ANYIND R T2 o 4Bk




Q: 1R AMATSARIZTHT D T2
ASAFABRTMRMPi#IZELDIOH ?

$J45FEMRMP IR ITLE D o T=,
YIOOSARREDTRIE. BE5& 2~3 HLIRADFEZR
THREEEtE5, — 2~3 H T2 TAHOMSMPHMRMP
[C7RAC EIFhLNEHERIEN S,

A: MSMPIZRE:EL T . EE OS5 D ;8 TMRMP
RIERIELELY,




Q: MRMPOREFENDT=-OIZIE. AR EL ?

L\ DDrug pressure A ETH B,

Y4TSR DB, BEFEHLEL V=8, MRMPOM BRI [ZHE5ET H1=IZ(&

£ —>
C— C— C— C— > (= C— C— TCOTTOTTH>TTE
- o C— C— C— = > C— C— = C— C— C—
TSR C D) = C— C—— | C—— D > C— C— C— C—— C—— C—
—> &= —_ > = = = e > = o > > =
D (s Ca— C—— O o s> (o> C— C— C— C—
rDNAD ZE R SNa
Quasispecies D KA S -
rRNADZE R Sa

RIOSAFHELBRY | Quasispecies Epidemic Infection

DLEEFEDLILY,

A: MRMPOMEZ TLN=0IZ(F, REBI DR M7 XY HRE

EowTsRHBBEODTIOS/F{#E,

ANBE,




Q: YA XATHAERRMB<I/OS/FICR

!'_ RoNdB/AEHIDHN ?




!'_ TAATSATRRRIZTATSHEE AR



Geometric mean values of MP load by quantitative PCR (gPCR) at
different time points after onset of illness. (longitudinal follow—up
of 53 patients with respiratory infection by MSMP)

Median period of 52 days (range 2-229) 45 days (range 1-116)
persistence of MP
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M. pneumoniae DNA loads in the longitudinal study

3 B~ 16 DMK D /NR4054 S HEMFIR 2R REEFED/NRI214
M. pneumoniae DNA : FEfELK : S TEFEIR 35 B AE =21.2% : 16.2% (p=0.11)

A Asymptomatic  (214) B Symptomatic (2243
YA(ATSATRBREEIL, FEREEFLEIOABTaTSATEEMLTWSENIHS.
106 10°8-
2100 2 10°)
2 2
> 104 > 104
3 s
210% © 10°
£ =
o Q
£ 102 £ 102
o (U]
101 10"
statstudy 4 > ; ; startstudy 4 } ) .
Months after enrolment Months after enrolment

1M: 9/43 (21%)
3M:3/43 (7%)
PLoS Med 2013; 10: e1001444



Age, years

75

70

65

55

50

45

40

REER R

Children are a relevant reservoir for M. pneumoniae.

IAATS XTI R B HIOED
RIERNEA A EHHT-794

Myco DNA (-): 6744
Myco DNA (+): 124

A 128 DR TIZ (75%I(T/MR
INRIE D THEAEIR (34/9 (44%)
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A miER
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J Infect Dis 2001; 183: 675—678
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. _‘;7_:;237’5/‘(“\7ﬂﬂi£§0)53’#.?'7%!1I:l:J:s ERERCRERDFELNSHFE

» Scan J Infect Dis 1992; 24: 1614
= J Infect Dis 2001; 183: 675-678
s PLoS Medicine 2013; 10: e1001444

s YAOTSATRLEE, ABEOFEICEALLT B~/ X<%HE
L TLNS,

= BMC Microbiology 2008; 8: 93

= PLoS Medicine 2013; 10: e1001444

= Scan J Infect Dis 2014; 46: 315-9

= Antimicrob Agents Chemother 2016; 60: 4310—-4314



Regional differences in prevalence of MRMP among
children in Hokkaido, Japan

/S MF=REBEERTNIE
ECTTHRAET S,

dEED4AT (2009511 A ~20114FE88) D7 /O0S51/FNHiET/aTFS5X<7

N
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‘\

1/19 (5.3%)

—
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l " ,.-""r‘
{ ,lEJ I I | I‘,}»“\\r S/
el
| \
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I \
|
\ -
s W
R j,.——*“'
|

21/38 (55.3%) | V=

iy | SIEE | 29/29 (100%)
=1 “x ‘ 10/8
0/9 0% |

Jpn J Infect Dis 2016; 69: 186—190
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i /054 KT EMRMPEREE D FE &8

= MRSPI[Z.,

s YAaFS5ATHEHDBFE Tribosomal DNA (rDNA)IZZ/B5( F{E A LEE
BSERMNELIFER. RNAIZERENEES,

= {BL. TM/a75XTIEDNAIZERNEIY 2L, BEHRLA NS,
= MRMPifiz¢la,
= MRMP#L<IEMRMP®) %L \QuasispeciesDIAATSATIZBRELTRIET S,

= MRBEERDBEDOYIOSARERIZEY., de novoE R ZE_LMRMPH
RERETAAREEFTDBNEEZONS,

« ROBERIZ. BEFETAMRMPABESEL T3 B BB,

s MRMP#%L<IEIMRMP® %2 \QuasispeciesDIA/ATSARDELEICITERIBEODO~
IJATARADRENVLETH S,

» RO /05/FOREL, REBY/2T5X<TE2HHLTLS, /MNE
(FI2HPR) DREEFICHTSRABOTI/OSAFERNEZLSNS,

= MRMPEREST =0, REMO<TI/OSAFEREZZZIIVENH S,
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TosufloxacinlZMRMPIZFZIH ?
Tosufloxacin, Minocycline D&M & ?




TAATSATRRICHTIEONEE
I

| FROAFY O U CTREEE R, B<THL7HARLN?
 MINODfE R (L EE3H, BR<TH58LLIAEL, ZDRIZBRABEAICHFLEALEN?

e
Antibiotics IiEZ Dosage A/E-HE Med;:&a;o%lg e
Erythromycin (EM) ﬁ?n::Omg/ kg/d. in four to six 14 days
First choice: macrolides
Clarithromycin (CAM) 10~15.mg/kg/ds In twice to 10 days
three times
Azithromycin (AZM) P& R/ 3= 10mg/kg/d, once 3 days
Tosufloxacin (TFLX) 12mg/kg/d. in twice 71~14 days
MRMP&E Z 5 BB
Minocyciine (MINU 2~4mg/kg/d. in twice 71~14 days

INRFRIRESRERIEZEAARSAY 2017(2R)




TAAT 53X il & DA MRER DR R M

*log—rank test
- MRMP MSMP
o § 1.0 5 1.0
t ~ —_— = —_— =
§& o0sf| ] AZM (n=18) | o o AZM (n=11)
oS —— CAM (n=29) —— CAM (n=26)
5°s 0.6 0.6+
a’'s — MINO (n=4) — MINO (n=9)
28 04 —TFLX (n=8) | 0.4- — TFLX (n=4)
- S
® O
SE  0.2- 0.2-
€E o
8 % 0.0 — 1 0.0 - -
0 0 10 15 20 0 10 15 20
Duration of fever after treatment (days
MRMP (days) | \1smp
Antibiotics n Mean SE Antibiotics n Mean SE
— AZM 18 4.6 0.6 — AZM 11 2.5 0.6
— CAM 29 5.5 0.4 — CAM 26 1.7 0.3
— MINO 4 1.0 0.0 — MINO 9 0.9 0.2
TFLX 8 7.5 1.8 | TFLX 4 |43] 14 I
Al 59 5.2 0.4 ; Al 50 1.9 0.3

Tosufloxacin[ZMRMP | Z$E %)

PLoS ONE 2017; 12: e0173635



i EEDOMIC
el -

Range Range
: 0.002 -
Erythromycin 128 — >256 256 2256 0.0078 0.0039 0.0039
: : 0.0005 -
Clarithromycin 64 — >256 256 256 0.0039 0.001 0.001
: : <0.000125
Azithromycin 16 — 128 32 64 — 0.00025 <0.000125 <0.000125
Tosufloxacin 0.13-0.25 0.25 0.25 0.13-0.5 0.25 0.5
Minocycline 0.13 -1 0.5 1 0.13-2 0.5 1

Tosufloxacin@MICIZMINO & Bk ICMSMPEMRMPIZZE (X7

ARARICEFELHD




i MRMPIZTosufloxacinG ) D) R &

s Yasuhiro Kawai,"--. Kazunobu Ouchi. Therapeutic Efficacy of
Macrolides, Minocycline, and Tosufloxacin against Macrolide—Resistant
Mycoplasma pneumoniae Pneumonia in Pediatric Patients.
Antimicrobial Agents and Chemotherapy. 2013; 57: 2252-2258

s Miyuki Morozumi, Takafumi Okada, Takeshi Tajima, Kimiko Ubukata,
Satoshi Ilwata. Killing kinetics of minocycline, doxycycline and
tosufloxacin against macrolide—resistant Mycoplasma pneumoniae.
International Journal of Antimicrobial Agents 2017; 50: 255—-257
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Tosufloxacin might have led to the decrease in incidence.
Tanaka T ..Kazunobu Ouchi Emerg Infect Dis 2017; 23: 1703—1706
(Tosufloxacin 2010 5%)




Schematic representation of M. pneumoniae cytadherence and

accessory proteins
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type 1 type 2
Antimicrob. Agents Chemother. 2009; 53: 41/45 (91.1%) 1/6 (16.7%)
2160-2162
Diagn. Microbiol. Infect. Dis. 2010; 67: 89/93 (95.7%) 1/7 (14.3%)
355358
J Clin Micro 2013; 51: 2592-2598 25/46 (54.3%) 0/40 (0%)
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Typing analysis of the M. pneumoniae p1 gene from isolates
detected in Japan between 1976 and 2005
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Year Front Microbiol 2016; 7: 693
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2013 6 4 (67%) 4 4 (100%) 0 0 2 0
2014 15  [11@a3%| 11 1 0 0 4 0
(100%)

2015 158 |66 (42%)| 69  62(90% | 47 0 42 5 (10%)
it 179 81(45%) 84 | 77(92%) 47 0 48 4 (9%) |
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IASR Vol. 37 p.183-184: 20165 9A &
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