
ADH	
  

Thy	
  

Cyd	
  

Gua	
  Ade	
  

LAC	
  

ACE	
  

M6P	
  

GAP	
  

FBP	
  

G6P	
  F1P	
  

GA	
  
F6P	
  

PYR	
  

PEP	
  

G3P	
  

DHA	
  

ATP	
  

ADP	
  

UDP-­‐
hexose	
  

R001 
MPN627 

R002 
MPN207 

(d)NTP	
  

PYR	
  

PEP	
  

G
PO

	
   R040 
MPN251 

R001 
MPN627 

R021 
MPN078 

R023 
MPN025 

R024 
MPN564 

R052 
MPN547 

R022 
MPN079 

R005 
MPN025 

R006 
MPN629 

R010 
MPN606 

R009 
MPN628 

R008/ 
R175-177 
MPN429 

R003 
MPN250 

R004 
MPN302 

PYR	
  

PEP	
  

2PG	
  

3PG	
  

DGP	
  
(d)NDP	
  

Pi	
  

R007 
MPN430 

H2O	
  

(d)NTP	
  

(d)NDP	
  R011 
MPN303 

CDP-­‐DAG	
   DAG	
  

PAC	
  

1aG3P	
  

R012 
MPN674 

R055 
MPN637 

R053 
MPN350/546 

R054 
MPN299 

ACP-­‐R1	
  

ACP-­‐R2	
  

ACP	
  

ACP	
  

PPi	
  

CTP	
  

AcCoA	
  

Ac-­‐P	
  

CL	
  

pGLY	
  

HEX-­‐DAG	
  
pG3P	
  

CLS	
  

PGPB	
  

R058 
??? 

R057 
??? 

R056 
MPN253 UDP	
  

H2O	
  

Pi	
  

CDP-­‐
DAG	
  

CMP	
  

CMP	
  

NADH	
  NAD+	
  

R038 
??? 

R019 
MPN533 

R018 
MPN428 

R015-017 
MPN390-393 

NADH	
  NAD+	
   Pi	
  

ADP	
  

ATP	
  

CoA	
  

dX5P	
  

E4P	
  

Mtl1P	
  

R037 
MPN082 

R030 
MPN652 R028 

??? 

R001 
MPN627 
R029 
MPN651/653 

TA
L	
  

R5P	
  dRu5P	
  

GAP	
  

S7P	
  

R1P	
  

R039 
MPN082 

R043 
MPN066 

R036 
??? 

R041 
MPN595 

ULAG	
  

KGPDC	
  

ULAE	
  

lRu5P	
  

lX5P	
  

3dG6P	
  

A6P	
  

R042 
MPN073 

R034 
MPN492 

R033 
MPN493 

R032 
MPN497 

R001 
MPN627 
R031 
MPN494-496 

R035 
MPN498 

U
LA
F	
  

H2O	
  

CO2	
  

G6P	
  

G1P	
  

UDP-­‐GAL	
  

UDP-­‐GLC	
  

R062 
MPN257 

R061 
MPN667 

R060 
MPN066 

Glycolipids 

Phospholipids 

PURINE METABOLISM 

PYRIMIDINE METABOLISM 

O2	
  

R020 
MPN394 

AA	
  

NAD+	
  

H+	
  

H+	
  

H+	
  

CoA	
  
ADH	
  

NADH	
  

NAD+	
  

H+	
  

UTP	
  

PPi	
  

CoA	
   CO2	
  

dADP	
  

dGMP	
  dAMP	
   GMP	
  AMP	
  

Ado	
   dAdo	
   Guo	
   dGuo	
  

ADP	
   dGDP	
  GDP	
  

PRPP	
   PRPP	
  

PPi	
  

dR1P	
   dR1P	
  R1P	
  

Pi	
  

R1P	
  

R066 
MPN062 

R073 
MPN062 

R080 
??? 

R074 
MPN386 

DAK	
  

R087 
MPN246 

R081 
MPN246 

R075 
MPN185 

R068 
MPN185 

NT5	
  
R065 

MPN395 
R086 

MPN386 

DGK	
  

NT5	
  

R079 
MPN062 

R085 
MPN062 

R078 
MPN672 

dATP	
  ATP	
   dGTP	
  GTP	
  

R076 
MPN303 

R088 
MPN303 R083 

MPN303 
R011 
MPN303 

R069 
MPN322-324 

R082 
MPN322-324 

redThio	
  redThio	
   oxThio	
  oxThio	
  

DNA RNA RNA DNA 

R077 
MPN034/378 

R089 
MPN034/378 

R071 
MPN516 

R084 
MPN516 

Ura	
  

CDP	
  

CMP	
  

UDP	
  

Urd	
  

UMP	
  

CTP	
  UTP	
  

RNA 

R1P	
  

PRPP	
  

UPP	
  
R091 
MPN064 R097 

MPN065 

R093 
MPN561 

R092 
??? 

R090 
MPN033 

R100 
MPN561 

R102 
MPN476 

R095 
MPN303 

R103 
MPN303 

R101 
??? 

dUDP	
  
R096 
MPN322-324 

NT5	
  

NH3	
  

R099 
MPN516 

R104 
MPN516 

R067 
??? 

dCDP	
  

dCMP	
  

dCTP	
  

R106 
??? 

R108 
MPN476 

R109 
MPN303 

R107 
??? 

NT5	
  

R105 
MPN322-324 

dTMP	
  

dThd	
  

dTDP	
  

dTTP	
  

dR1P	
   UPP	
  
R115 
MPN064 

R116 
MPN044 

R117 
??? 

R118 
MPN006 

R119 
MPN303 

NT5	
  

dUMP	
  

dUrd	
  

dR1P	
   UPP	
  
R111 
MPN064 

R112 
MPN044 

R113 
??? 

NT5	
  

DNA 
R120 

MPN034/387 R072 
MPN528 

R110 
MPN034/387 

R114 
MPN320 

DHF	
  METHF	
  

dUDP	
  

G3P	
  

R059 
MPN455 

Pi	
  

H2O	
  

CDP-­‐DG	
  

PD
H
	
  

N
O
X	
  

ACK	
  

PTA	
  

RNAP	
  

DNAP	
  

TIM
	
  

PGI	
  

PFK	
  

FBA	
  

GAPDH	
  

RNAP	
   DNAP	
   RNAP	
  

DNAP	
   DNAP	
  

DCK	
  ENO	
  

GPM	
  

PGK	
  

PYK	
  

LD
H
	
  

RNAP	
  

PYRUVATE METABOLISM 

PYR	
  

PEP	
  

PYR	
  

PEP	
  

NADH	
  	
  

PYR	
  

PEP	
  

PYR	
  

PEP	
  

PYR	
  

PEP	
  

PYR	
  

PEP	
  

PYR	
  

PEP	
  

PYR	
  

PEP	
  

LIPID METABOLISM 

dR5P	
  

dR1P	
  
R044 
MPN066 

GAP	
  

R046 
MPN063 

TH
Y	
  

PGP	
  

TKL	
  

TKL	
  

R174 
MPN065 

NH3	
  

R051 
spontaneous 

FRU	
   GLC*	
   MAN	
   MTL	
   ASC	
  

Ura	
  

RIB	
  

ATP	
  

ATP	
  

ATP	
  

ADP	
  

ADP	
  

ADP	
  

NAD+	
  

NAD+	
  

NADH	
  	
  

NADH	
  	
   H+	
  
H+	
  

H+	
  

AT
P	
  

AMP	
  

AT
P	
  

AT
P	
  

AT
P	
  

ATP	
  

ATP	
  

AT
P	
  

ADP	
   ADP	
  

ADP	
  

ADP	
  

ADP	
  

ADP	
  

H2O	
  H2O	
  

H2O	
   H2O	
  

PPi	
   PPi	
   PPi	
  PPi	
  

PPi	
  

Pi	
  Pi	
  

Pi	
  Pi	
  

Pi	
  

Pi	
  

Pi	
  

Pi	
  

Pi	
  

Pi	
  

Pi	
  

Pi	
  Pi	
  

Pi	
  Pi	
  

Pi	
  

Pi	
  

ADP	
  

ATP	
  

ADP	
  

ATP	
  

ADP	
  

ATP	
  

ADP	
  

ATP	
  

ADP	
  

ATP	
  

ADP	
  

ATP	
  

ADP	
  

ATP	
  

ADP	
  

ATP	
  

ADP	
  

ATP	
  

H2O	
  
PPi	
  

redThio	
   oxThio	
  redThio	
  oxThio	
  

H2O	
   H2O	
  

H2O	
  

H2O	
   H2O	
  

H2O	
  

H2O	
  

H2O	
  

PPi	
   PPi	
  
PPi	
   PPi	
  

GLYCOLYSIS 
FRUA	
  

MPI	
  

PTSI/G	
   FRUA	
   MTLA	
  

MTLD	
  

PENTOSE PHOSPHATE PATHWAY 

dX5P	
  

PTSA	
  

ATP	
  

ADP	
  

FRUK	
  

PRPP	
  

CARBOHYDRATE 
METABOLISM 

R063 
R064 

MPN483 

METABOLISM OF COFACTORS AND VITAMINS 

RBSK	
  

R5P	
  

R186 
MPN051 

Choline metabolism 

H2O	
  
Pi	
  

NT5	
  

H2O	
  

R047 
MPN564 

H2O2	
  O2	
  

NUCLEOTIDE METABOLISM 

PXL	
  
R142 
??? 

PD
XK	
  

PXL5P	
  
ATP	
   ADP	
  

Vitamin B6 metabolism 

VIB	
  
R143 
??? 

TH
IK	
  

TPS	
   TPP	
  
R144 
MPN550 

ATP	
  ATP	
   ADP	
   ADP	
  

Thiamine metabolism 

AMINO ACID METABOLISM 

R153-
R172 

R151 
MPN236-238 

R152 
MPN236-238 

Asn	
   Asp	
  

Glu	
  Gln	
  

Glu-­‐tRNAGln	
   Gln-­‐tRNAGln	
  

aa	
  
AMP	
  

PPi	
  
ATP	
  

ATP	
  

ATP	
  

ADP	
  

ADP	
  

Pi	
  

Pi	
  

SAM	
  Met	
   R133 
MPN060 

SAH	
  

5mcDNA	
  

R134 
MPN108 

D
CM

	
  

Ado	
  

hCys	
  

AHC	
  

R135 
??? 

Methionine metabolism 

ATP	
  

H2O	
  

H2O	
  
PPi	
  
Pi	
  

Arginine fermentation 

Arg	
   Cir	
  
NH3	
  H2O	
  

A
rcA

	
  

Orn	
  O
TC	
  

R123 
MPN306 

CO2	
  

R124 
MPN307 

Ckase	
  

R121 
MPN304/305 
R122 
MPN560 

ATP	
  

ADP	
  

Pi	
  

NH3	
  

CBP	
  

DNA	
  

tRNA	
  

aa-­‐tRNA	
  

R070 
MPN240 

H2O	
  

NADPH	
   NADP+	
  
H+	
  

dCyd	
  

R094 
MPN632 

R189 
MPN006 

ATP	
  

ADP	
  

PYR	
  

PEP	
  

FOL	
  

DHF	
  

THF	
  

R125 
MPN321 

R194 
MPN300 

10fTHF	
  

R127 
MPN017 

MLTHF	
  

R128 
MPN017 

R129 
MPN543 

met-­‐
tRNAMet	
  

Fmet-­‐
tRNAMet	
  

R130 
MPN576 

Gly	
  Ser	
  

METHF	
  

R131 
MPN017 

NADPH	
  

NADP+	
  

H+	
  

R114 
MPN320 

dTMP	
   dUMP	
  

DHFR	
  

DHFR	
  

NADH	
  

NAD+	
  

CO2	
  

FDH	
  

R132 
MPN348 ADP	
  ATP	
  

Pi	
  

THY	
  

MTFMT	
  

R181 
??? 

H2O	
  

H+	
  

ADP	
  
Pi	
  

ATP	
  

H+	
   H+	
  

H2O	
  

H+	
  

NADH	
  

NAD+	
  

NADH	
  

NAD+	
  

5fTHF	
  

H+	
  

H+	
   H2O	
  R185 
MPN576 

FOR	
  

One carbon pool by folate 

FMN	
  RBF	
  
R140 
MPN158 

FAD	
  
R141 
MPN158 

ATP	
  ATP	
   ADP	
   PPi	
  

Riboflavin metabolism 

R191 
MPN258-260 

RIB	
  

ATP	
  

ADP	
  
Pi	
  

GLY	
  

GLY	
  

GlpF	
  
G3P	
  

ATP	
  

ADP	
  
Pi	
  

R049 
MPN050 

R192 
MPN043 

R193 
MPN133-136 

PRPP	
  

NCN	
  
R136 
MPN047 

NXX	
  
R137 
MPN336 

NAD+	
  
R138 
MPN562 

NADP+	
  
R139 
MPN267 NADH	
   NADPH	
  

R173 
MPN267 

ATP	
  ATP	
  ATP	
  

ATP	
  

ADP	
  

ADP	
  

PPi	
   AMP	
  
PPi	
  

PPi	
  
NH3	
  

Nicotinate metabolism 

NIO	
  

DHAP	
  

RibABC	
  

Ade	
   Gua	
  

H+	
  

H+	
  

H+	
  

H+	
  

DHAP	
  
H+	
  

ATP	
  

PAN4P	
  PAN	
  
R145 
??? 

PA
N
K	
  

R146 
MPN336 

PPi	
  

CoA	
  

R147 
MPN382 COAE	
  

apoACP	
  ACP	
  

Ado3,5P	
  

R150 
??? 

R148 
MPN298 

R149 
MPN479 

ACP-­‐R	
  

A
A
S	
  

FA	
  

CoA metabolism 

ATP	
  

ATP	
  

ATP	
  AMP	
   ADP	
  
PPi	
  

ADP	
  

H2O	
  

dPCoA	
  

BPNT	
  
Pi	
  

AMP	
  

H2O	
  

R188 
??? 

H+	
  

H2O	
  

H2O	
  

H2O	
   H2O	
  

PNP	
   PNP	
  

AK	
  

AK	
  

PNP	
   PNP	
  

A
A
S	
  

TMPK	
  TMPK	
  

MTHFD	
  
MTHFC	
  

FHS	
  

FBA	
  

UPRT	
  

TK	
  TK	
  

PN
CB	
  

GK	
  

M
A
T	
  

D
ERA

	
  

CD
A
	
  

CD
A
	
  

DEOB	
  

DEOB	
  	
  

PGM	
  

PRPS	
  

GlyABC	
  

RFK	
  

FA
D
S	
  

TXNRD	
  

GUK	
  

GUK	
  

UGE	
  

UGP	
  

N
A
D
K	
  

N
A
D
K	
  

A
CPS	
  

AGPAT	
  

PYK	
   PYK	
  PYK	
  

PYK	
  

PYK	
   PYK	
  

PYK	
  

PYK	
  

RD
R	
  

RD
R	
  

RD
R	
  

CO
A
SY	
  

N
A
D
D
	
  

M
TH

FS	
  

GPAM	
  

APRT	
  

PPT	
  

GTF	
  

GTF	
  
CMPK	
   CMPK	
  

A
CPH

	
  

TH
IL	
  

N
A
D
E	
  

SHMT	
  

M
TH

FH
	
  

D
H
A
K	
  

RPIA
	
  

UCK	
  UCK	
  

UMPK	
  

HPRT	
  

PPA
	
  

ATP	
  

ADP	
  
Pi	
  

ATP	
  

ADP	
  
Pi	
  

H+	
  
H+	
  

H+	
  
H+	
  

H+	
  
H+	
  

H+	
  
H+	
  

A
TPase	
  

A
TPase	
  

G
A
T	
  

G
A
T	
  

R126 
MPN321 

R195 
MPN300 

R001 
MPN627 
R026 
MPN078 

PYR	
  

PEP	
  

PYR	
  

PEP	
  

RPE	
  

RD
R	
  

H2O	
  

H2O	
  

R190 
MPN597-604 

CDP-­‐CHO	
   G3PC	
  
R178 
MPN532 R180 

MPN336 

G3P	
  

R182 
MPN420 

G
lpQ

	
  

H2O	
  CTP	
   ATP	
  ADP	
  PPi	
  

PC	
  

PtdCHO	
  

2	
  H2O	
  

2	
  FA	
  

R187 
MPN445 

PCT	
  

PldB	
  

CH
K	
  

R199 
MPN243 

R198 
MPN243 

R200 
MPN243 

R197 
MPN243 

RNase	
  

RNase	
   RNase	
  

CHO	
  

XX	
  
gene absent in M. 
genitalium 

XX	
  
enzyme-complex, not all 
components detected 

XX	
   unknown enzyme 

metabolite, not detected in 
Mpn but other organisms  XX	
  

XX	
  
technically not detectable 
metabolite  

XX	
   not detected enzyme 

enzyme essential  
in M. genitalium XX	
  

detected metabolite XX	
  

XX	
   detected enzyme 

no standard available XX	
  

never detected metabolite XX	
  

metabolite detected for 
the first time XX	
  

Electronic Supplementary Material (ESI) for Molecular BioSystems
This journal is © The Royal Society of Chemistry 2013



0	
  

0.2	
  

0.4	
  

0.6	
  

0.8	
  

1	
  

1.2	
  

1.4	
  

1.6	
  

1.8	
  

2	
  

2.2	
  

2.4	
  

0	
  

10	
  

20	
  

30	
  

40	
  

50	
  

60	
  

70	
  

80	
  

90	
  

100	
  

0	
   24	
   48	
   72	
   96	
   120	
   144	
   168	
   192	
  

Pr
ot
ei
n	
  
(m

g)
	
  

G
lu
co
se
,	
  l
ac
ta
te
,	
  a
ce
ta
te
,	
  e
th
an

ol
	
  (m

M
)	
  

Glucose	
  in	
  mM	
  

Lactate	
  in	
  mM	
  

Actate	
  in	
  mM	
  

Ethanol	
  in	
  mM	
  

Protein	
  in	
  mg	
  

Figure	
  S2.	
  	
  Glucose	
  consumpBon	
  and	
  metabolite	
  producBon	
  of	
  M.	
  pneumoniae	
  grown	
  in	
  batch	
  culture.	
  Data	
  
points	
  are	
  measured	
  from	
  biological	
  triplicates.	
  

Time	
  (hours)	
  

Electronic Supplementary Material (ESI) for Molecular BioSystems
This journal is © The Royal Society of Chemistry 2013



0	
  

1000	
  

2000	
  

3000	
  

4000	
  

5000	
  

6000	
  

7000	
  

0.E+00	
  

1.E+06	
  

2.E+06	
  

3.E+06	
  

4.E+06	
  

5.E+06	
  

6.E+06	
  

24	
  h	
   48	
  h	
   72	
  h	
   96	
  h	
  

Ch
ol
es
te
ro
l	
  i
n	
  
gr
ow

th
	
  m

ed
iu
m
	
  (n

g/
	
  m

l)	
  

Ch
ol
es
te
ro
l	
  i
n	
  
cy
to
so
l	
  (
m
ol
ec
ul
es
	
  p
er
	
  c
el
l)	
  

Time	
  of	
  batch	
  culture	
  growth	
  

Cytosol	
  	
   Growth	
  medium	
  

Figure	
  S3.	
  Cholesterol	
  abundance	
  in	
  rich	
  growth	
  medium	
  and	
  in	
  the	
  bacterial	
  
cytosol	
  during	
  growth	
  in	
  batch	
  culture.	
  

Electronic Supplementary Material (ESI) for Molecular BioSystems
This journal is © The Royal Society of Chemistry 2013



0	
  

2E+18	
  

4E+18	
  

6E+18	
  

8E+18	
  

1E+19	
  

1.2E+19	
  

1.4E+19	
  

Ala	
   Cys	
   Asp	
   Glu	
   Phe	
   Gly	
   His	
   Ile	
   Lys	
   Leu	
  Met	
  Asn	
   Pro	
   Gln	
   Arg	
   Ser	
   Thr	
   Val	
   Trp	
   Tyr	
  

N
um

be
r	
  o

f	
  m
ol
ec
ul
es
	
  

Amino	
  acids	
  in	
  3	
  mg	
  protein	
  

Amino	
  acids	
  in	
  100	
  ml	
  growth	
  medium	
  

0	
  

0.5	
  

1	
  

1.5	
  

2	
  

2.5	
  

3	
  

3.5	
  

Glu	
   Phe	
   Arg	
   Ala	
   Pro	
   Gly	
   Leu	
   Lys	
   Asp	
   Ile	
   Asn	
   Ser	
   Met	
   His	
   Val	
   Gln	
   Trp	
   Thr	
   Tyr	
   Cys	
  

M
ol
ar
	
  c
on

ce
nt
ra
Eo

n	
  
(m

M
)	
  

Cytosol	
  

Growth	
  medium	
  before	
  

Growth	
  medium	
  aPer	
  

Figure	
  S4.	
  A:	
  amino	
  acid	
  concentraBons	
  in	
  the	
  cytosol	
  are	
  higher	
  than	
  in	
  the	
  growth	
  medium	
  
suggesBng	
  acBve	
  import.	
  B:	
  Amino	
  acids	
  are	
  not	
  growth	
  limiBng.	
  

A	
  

B	
  

Electronic Supplementary Material (ESI) for Molecular BioSystems
This journal is © The Royal Society of Chemistry 2013



0.E+00	
  
5.E+04	
  
1.E+05	
  
2.E+05	
  
2.E+05	
  
3.E+05	
  
3.E+05	
  
4.E+05	
  
4.E+05	
  
5.E+05	
  
5.E+05	
  

Uracil	
   Thymine	
   Cytosine	
   Adenine	
   Guanine	
   Uridine	
   CyBdine	
   Adenosine	
   Guanosine	
   Thymidine	
  

Co
pi
es
	
  p
er
	
  c
el
l	
  

day1	
   day2	
   day3	
   day4	
  

Figure	
  S5.	
  Measured	
  free	
  bases	
  and	
  nucleosides	
  from	
  the	
  M.	
  pneumoniae	
  cytosol	
  (A)	
  and	
  the	
  growth	
  medium	
  (B)	
  
during	
  four	
  day	
  batch	
  culture	
  growth.	
  

0	
  
500	
  
1000	
  
1500	
  
2000	
  
2500	
  
3000	
  
3500	
  
4000	
  
4500	
  
5000	
  

Uracil	
   Thymine	
   Cytosine	
   Adenine	
   Guanine	
   Uridine	
   CyBdine	
   Adenosine	
   Guanosine	
   Thymidine	
  

ng
/	
  
m
l	
  g
ro
w
th
	
  m

ed
iu
m
	
  

GM	
  Day	
  1	
   GM	
  Day	
  2	
   GM	
  Day	
  3	
   GM	
  Day	
  4	
  

A	
  

B	
  

Electronic Supplementary Material (ESI) for Molecular BioSystems
This journal is © The Royal Society of Chemistry 2013



Figure	
  S6.	
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   Figure	
  S7.	
  	
  CorrelaBon	
  of	
  metabolite	
  abundances	
  across	
  
different	
  species.	
  Log2	
  transformed	
  concentraBons	
  of	
  
amino	
  acids	
  (A)	
  or	
  glycolyBc	
  intermediates	
  (B	
  and	
  C)	
  
were	
  ploZed	
  for	
  M.	
  pneumoniae	
  and	
  E.	
  coli	
  (A	
  and	
  B)	
  
and	
  M.	
  pneumoniae	
  and	
  L.	
  lac0s	
  (C).	
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