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SUPPLEMENTARY DATA

Fig. S1. Correlation analysis between the experimental and the expected (calculated)
values of molecular weight (Panel B, pH 7.0 and Panel D, pH 6.1) and isolectric point
(Panel A, pH 7.0 and Panel C, pH 6.1) of the protein markers identified by PMF in the
gels shown in Figs. 1 and 2. The molecular weight and isoelectric-point (pl) values for each
individual polypeptide were calculated from the corresponding amino-acid sequence
(abscissa). Experimental values were inferred from the position in the 2-D gels by means of
the Image Master™ software (ordinate). For most polypeptides a good correlation was

obtained between the observed and the expected molecular weight and pl values.
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SUPPLEMENTARY DATA

Fig. S2. Image-Master detection of induced polypeptides in the cytosolic proteome of S.
meliloti 2011 grown in chemostat at pH 6.1 compared to the expression of the corresponding
polypeptides in the proteome of the same rhizobia grown at pH 7.0. The ratio of homologous
polypeptides in one pH condition compared to the other was estimated by the ratio of the spot
volumes (Image Master) after each one was normalized to the total intensity (all spots) from the
corresponding gel. For each pH condition four independent gels were analyzed, including those
from Figs.1 and 2. The numerical codes (in black) for each red-outlined spot in the figure
(differentially expressed polypeptides) correspond to the respective numbers in the first column of

Table 2.
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SUPPLEMENTARY DATA

Fig. S3. Image-Master detection of induced polypeptides in the cytosolic proteome of S.
meliloti 2011 grown in chemostat at pH 7.0 compared to the expression of the corresponding
polypeptides in the proteome of the same rhizobia grown at pH 6.1. The ratio of homologous
polypeptides in one pH condition compared to the other was estimated by the ratio of the spot
volumes (Image Master) after each one was normalized to the total intensity (all spots) from the
corresponding gel. For each pH condition four independent gels were analyzed, including those
from Figs.1 and 2. The numerical codes (in black) for each red-outlined spot in the figure

(differentially expressed polypeptides) correspond to the respective numbers in the first column of

Table 3.
<}
X o
5%, 13
AA 97 ¢ I
v ' ¥7 . ; ;
X . § T s ¥ A 5
18 : % ﬂ . i ¢ -
A 4.5 . .
x ¥
' v !
N 1
1 D S
v v
17 v
2 13
15 19 :!)
A A ~
K -
\ .
-
3 9. 14
9 'y
{
N
% .
( a 5 T v
——  —

o




SUPPLEMENTARY DATA

Fig. S4. qRT-PCR estimation of 5S and 16S rRNAs in S. meliloti cells grown in the
chemostat under steady state at pH 7.0, and at pH 6.1. The quantification of specific RNA
species was carried out by quantitative reverse-transcription PCR using a KAPA SYBR FAST
One-Step gRT-PCR kit (Kapa Biosystems Inc. Wilmington, MA, USA) according to the
manufacturer's instructions. Analyses were performed using a same normalized amount of
total RNA for all samples. M values represent the log, of the fold change of the indicated
RNA species at pH 6.1 (red bars) and 7.4 (blue bars) both with respect to their corresponding
amounts at pH 7.0 (reference condition). 5S and 16S correspond to the analysis of 5S and 16S
rRNA. degP1 (SMc02365) corresponds to the analysis of the mRNA of an acid-induced gene
used as positive control (M PH¢/PH70 from the microarrays = 1.98). The DegP1 polypeptide
was also induced in the proteome of acid-grown rhizobia (fold change ca. 4.8 in Table 2, so
with an estimated M P 61/ PH 70 from the proteome = 2.26). The M values are the means

calculated from three technical gRT-PCR replicas. The bars represent the standard deviations.
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SUPPLEMENTARY DATA
Fig. S5. Genomic distribution of proteome and transcriptome markers differentially

overexpressed at pH 6.1 versus 7.0. The two outermost circular array of lines on each
replicon show—in black and in gray—the respective positions of open reading frames within
the two complementary DNA strands. The next array inside shows—uwith red and blue lines—
the genomic position of genes encoding polypeptides that were observed to be induced under
acidic and neutral extracellular conditions, respectively (from the proteomic data). The
innermost array marks—with green and orange lines—the genomic position of genes
encoding RNAs that were also observed to be induced under acidic and neutral extracellular
conditions, respectively (from the transcriptome data). The pSymA region characterized by a
high density of overexpressed genes at pH 6.1 (cf. the text) is outlined and marked by an

asterisk.
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SUPPLEMENTARY DATA

Fig. S6. Vector-correlation plot between the variables examined (i. e., the amount of
metabolites) and the PC1 and PC2 spaces of PCA. The direction and length of the vectors
are indicative of the positive contribution of each individual metabolite to the position of each

sample analyzed in the plot (i. e., from rhizobia grown at pH 6.1, pH 7.0, or pH 7.4).
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SUPPLEMENTARY DATA

Fig. S7. Graphical maps indicating significant increases of specific RNAs, polypeptides, or
metabolites on different S. meliloti metabolic pathways (KEGG format); and also changes in
RNAs/polypeptides related to cellular macromolecular complexes (transport, energy,

translation). Colored rectangles: correspond to increased RNASs or polypeptides (i.e. RNAs listed in

Supplementary Table 1, and polypeptides listed in the main Tables 1 and 2). Colored circles:

correspond to increased metabolites (i.e. those listed in Supplementary Table 2, and also presented in
the volcano plot from Fig. 3). Red and blue colors indicate increased amount of the corresponding
species at pH 6.1 and pH 7.0, respectively. References to panels are as follows: A. Pentose phosphate
pathway; B. Galactose metabolism; C. Starch and sucrose metabolism; D. Carbon metabolism; E.
Arginine and proline metabolism; F. Cysteine and methionine metabolism; G. Glutathione
metabolism; H. Aminoacids biosynthesis; 1. Purine metabolism; J. Pyrimidine metabolism; K. Biotin
metabolism; L. Ribosome components; M. RNA degradation; N. O xidative phosphorylation; O.

Flagellar assembly; P. Secretion systems; Q. Two-component systems; and R. ABC transporters.

A

PENTOSE PHOSPHATE PATHWAY |

D-Glucosaminate O
Galactose metdbolism
F el 4319
(Eemgr=)a————— [t |
s
IR § o

L3 lcbons D-Gluconate iy E i Glyverate-2P
————————— LIS vy s~ L B i el
( EDGlucnsa m Pldgyde 1273 |
[1.1903]
b 111380 m EntnerDondoroff é
} Dc,lm,sE (1150 [1152] 2 Dehyrino- (171213 patioway
I D-glucanate Pyrate O ———— — ————— — o ooty )
| 7 A
|
i Dl I
I e P O—[LLL8 |
| r—iHﬁpD 2 Dehyriro-3- danxy D-Gllyeer. |
D-ghuconate-6F 41214] | ddehyve-3P CHyrerate-3F |
} - LL3—0 laz117] b o] 1200 Lo |
| D-Flucono- Dghucanate-6F 412355 X i

1,5 lactone-6P

43.1.29
O— 27169 O Galartose metaholism

D-Ghueosarinate D-Glucnsarainate-6F
(extracellular)

Do B M of Penose und gucworate
ImterconVersions
D-Ribuilose-5P

— {27115 O D-Rlbose
- D-Rihose-1P
FRFF Q{27425 0 D-Rabose-15P
O D-Xylulose-5P L,, — Puine
g B
27113

{ ERTEE 2 DeuxyD rhose L___b
O 5427 O

l Histidire
3-Deoxy-D-rbose-5P 2-Deaxy-D-rhbose- 1P \7779

O
D-arabing-Hex-
3-ulnse-6F

Glyrolysis

D-Sedo- O
heptlose-7P

00030 57714
(c) Kanehisa Laboratories




I GALACTOSE METABOLISM

1139

31125
D-Gialactono-1,4- Jactone

O

D-Galactose

Amino 5

sugar me

o-{513smO{ar16}>

o D-Galactose

e
za1z— o pnD-
[27.169]
"

D-Galactonn-1,5-lactone

UDP+ glw:ose
ar sl nucleatide
olism

a-D-Galactnse-1P

| o-D-Glucose-1F

2-Deloyrlro-3-deaxy-
Balma e

D- Glycera]d.ehyde

Gralartinol

O
alaten 2411

Sucrose

Dt
O — 7D'| Pemnse phosp]me

O Glynerons-P

41240

¥
D-Tagatoss-1,6F3

Q
-D-Gluzose ZIS wD-Ghgose-6P
32131 O Galactinol | v
|
¢ D-raym-Inositl Q Lactose-6F |
¥
32122 O neaito] Fructose and mannose
metabolisra
© D-Sorhitol
32123 O Fpinslibiose
¥ O
© D-Mannnse ® [ ] p  D-Calactosanine-6P
TGy © Galciossl D-Galartose D-Glucose D-Fruetose
5
glycerol 53.126
D-Galastose-6P
O Glyrerol
Galactitol D-Tagatose
11131 "-\[ 11116 Ot 271100 ? D Tagatose-6F
27.168 - 111251
Galastitol- 1P
00052 Ti29/14
(¢} Kanehusa Laborstories
I STARCH AND SUCROSE METABQLISM |
py— galantummte Pectats D-Calashuronate
‘mucleotids-sugar metabolisr __b._m_’
5136 l
f-D-Glurwonoside

Pentoss and glicaronats
ItEIEOTETSIOTS

Sucrose-6P

D-Xylose

— 3213 2422 41135 411
1

DP D-xylose UDF-D-g|

Tucuronate i

x—“—»(y =] Ascmhmemetahnhsm

/—EZ 12 W
Trehalose D-Glucose

Sucrose
271160 {avivaeelis) — (24162}
o 172 f-D-CHugose-6F
(ZﬁDFr\mm; i O#{ 5426 w0
32126( O 2 165 241 10 [i-D-CGlucose-1F
o (2,6-f-D-Fructosymntn
[ 119913 EYERE|
a-D-Ghuzose. S ( 2410
-D-Fruct = fzarnf—
pp ek a0l UDP-gumose L2t 1L 241z
an (neanelites;
24134 Cyrlomaltodextin
o]
32121 o 24135
DS e n Ed
Glyrogen
ellobiose g
PTETI i | e | Maliose
2411 H
Ow{32121 L
B-D-Chuose 1,-f-D-Crhuean } ;
s
| 27117
Araino sugarand —
nuclenhdggsugarmetahnhsm = ——04—{27733]
CDP-glucose ¢-D-Glucose
5771 411
27141 249916
'( e Mt 1 P
& 32110
o D-CHlugose-1,6F 2 [24.120)
Tsomaltose
D-Glurose-6F chm am
D-Glurase Cellohzpa Ce]]ﬂpemanse Innse Cellobiose
»C
f-D-Fructose-6F
00500 67713
{c) Kanehisa Laboratozies




Inlethane

- Cold.5-5-CoBs 2-Dehyrdro 3-deoxy-
1 o Cucose Gucomn-1,5-Jactons Ghuconat glumn%fﬂ ¥
@ @ (5
CoB
¥ 9]
Methanol { 1 >
®Meﬂ\ p— Glurona-1,5-lactone-6P e —— 2 Dol
Trimethyl- | Dimethyl- Infethylamine f yi-Cal ¥ Glucoss-6F . ®§i\§*&§§£ P
! @ @ O ol abino-3-Hexose-6P HCHO —
Formaldekgtl { ] e g
HCHO 1
g 5 Myl
i D — THME Fructose-F Hyhuose-SP 1
(e (= 0)— (1) P G ; () inlose:sE
se-
S Fomgl 5,10 Msthengd. 5,10 Methylsne-
Tt et M \ 1
o
Exythrose-4P
Sedohept-
THMFT © 0] () o
oo (1) (0 lfrﬁu;gnse-@ (34— (3 ) rrrp
l ’ L 3 Ribose-5P
10-Formyl  5,10-Methenyl- 510 Methylens-
et 2 Methengh - 20 Methytene- 5.1 ooyt THE Sedaheptulose- TP
Fomauil (1) 0] (@ @ —— .
Fomaate
THF £ Glymerone-P Glyverone HCHO
cu ),
ooz Glyveraldehyrle-3P
Cotbamogi P (1) ;:H o
> 01 (3)) Otyeerate-1.3P2
(2) Glguine
Hzs Phosphone. et
o Serine oEypyed Glyrerats 3P ]
@ & (@ @ @ (3 Rionloss1.5P2
o Pho
Cysteine Acetylserine  aoCob sphosering e
Cyouylate v
Glyceraldehy
—(2 GG »{3) Glyrorste 2P eesaldchls
Hydroxypyruvale  Glyverats
con
3 .Fhosphoemlpyruvate
0] @
{—. Llaning
71 5 4
ooy Heos Eyvate Acetyd phosphats Suetate
on @
_—— VI ey Coh
Wyl Cott (2% — HEOs-
(3% Malong Cots
%) Citrarnalyl- Col AceloacetyhCol
Oxalnacstate y
(@ @ cie
Ilalate DMelonste
@senuald.ehyde
u %) Wesaconyl-C-Cols 3 Hyshoxybutanoyl- Col
Citryl- Coh 3
Fumaate @ () Egiy I
A ite ate
e Tsocitrats e Crotonogi-Cos
———»
5%) Wssanomyl. C1-Cods Butanoyl Cok
3 Hydaxy. [
Sucirale (4 ook
COz
SuceinylCod  CO2 @ 5% B-Methyhmalyl Cob 3 Butenoyl-Cok
Aergioyh-Cok 3
{(5) 2 Oncglut e I
HOO: Glyorylat:
(He—® J a9 4 Hyrroxybutnopl- Coks
(R)-Methl- (S)-Mefhl  Propanoyl-Cod
i, Chweltal, Fropmest I

(1

Suceinale semialdehyde

01200 577114
{c) Hanshisa Laboratoriss

» (4} 4 Hynlroxyhutansate




ARGININE AND PROLINE METAROLISM |

Alsvine, sspartate ancl
prieniiiey

Glutarnine

[2air] 2723 [1z1zleo

Yoo

Lbagino
Ere
o

Creating pathiway

LGlutariate

ety Bt
121
1-Glutarayt-P
(2721 C 121
D
121

11-Pymoline-
Scatbryhae

D Nupnl\nc

DA Ocmpme

M Methsh
3521af—Of Mt prrT—
+ | [2733] [f1a35]
§ oty

| Pre fiweten)

L Aghine P
i mu};

it bl

2:0x0-
argmme

|
I
Ascotoas e aldute lne. }
r o AHS
[ — ghgnfgy |
g .
Ferias ps caﬁfﬁ%ﬂ ¢
sonlie -, R
5 et 4Ozopoline meggm ol
351 12171 26181 353, ACmarading- 4-Cuanidin-
N2-Suceinylghtanate N2 Susingt L gl N2 Suecingl NeCubaoy NSl ‘buteal ‘butanaride
Tio rifine and >eereallehyle Lromitine T P ine
Pyriting Akelotd biogymibesis - 351 35:1
I ,{ Putrscive o
Glvtaate B
pCoumany-Cod
Exe] 25 -
2
o
FeraoyiCof
2.3.1 64]
O O
Ferlogipescine  Feruoylagmatine
4 Guaniding-
‘butanoate
00330 71414
(c) Kanelsa Laboratories
CYSTEINE AND METHIONINE METABOLISM |
L Serine 2-Aninoacrylate
Glysine, sexine and thae ]
rbolam 42107 ?
23130 !
©-Phospho-Lrserine I
S-Sulfo.] Ll:yshmz o 1
{751 47} ————@ O-Aceiyi Lseine |
Thiveysteine !
[1843] 1
1
1
1
Tx\lrme and hypotawrine
)
EaE (Bt i
544] [1256] sane o7 I Gl
50 Glutx'.hmnyl L Cyvieire 3-Sulfo- Bisulfite
1 44110 o 2611 o-{4a124 @ Pyrmat:
‘otats
. — — o Glubethions reetbolisma ‘ (RESaRhe |
(2811 ze13][4418] 4411 ] it [iEiz] 6777;;
El 2-Oycbutanoate
{25148}

-

(c) Kanehisa Laboratories

3 Mercapto- ol 411
Pyl O o121 |- o O 1 Homoserine
\ o] L dspartate LfLAspanyL L-bs)
Sulie v L-Aloine oot fotinin®
[pT—— | Gyt
- S, S,
:
Fhlermaplolict 12122 (Bch ]
T
="
[t841] LHomocysteine Gai] [ea121]
Homecystine O Sefdenosyl o s D- Rﬂwsyl
Ulononbine Fomooysine
L Vethicnine
Soriae
Whomt, O——{asa——+
razgt, o
f ‘—-J
om0
O 1-Aminocyrloopane-
Metazettio] O Lcaoryhie —_—
Hhost
Nethionne saivoge | 5 pp -
D-nbose 1 plmsplwaﬁe Q
(5212
4 Melloitio- Ity -
prcs {21000 BRI e
12Dibyboxy.  2Hydogs-dket- 23 Diloto Syl
Theo-Srelsh  Smpuiopentosl  Hopen 1-phos
ioperions T Hhasbhale
00270 2614




GLUTATHIONE METABROLISKM |

2324

5-Onoprole

4

3 Lutats

24]

g —

Glutarsate
wetdbolisr

et i A
Cyanoamin arid g
,
Loy-Glutaragl.
L aruino acid, ———————————® O Gl
Pepll
Glutafhione
fhcfsst}) —
O §323 18113 O Bis-y-
[’ o ngioymene Bis-y-glatamyleysting
o [L1i] o L Ghitamats Pepl Glywined O Aeetyl-Cok
HADFH HADE: 0—{2322 O o—{2313 o
221+ :
Y PSS A ey e
ine
1833]11119 ok HADPE HADPH
1341 1844] 2313
1851 [ 1541 1843] 1347
ascorbate Ascotbate
Putrescine O————{2.5.1 16— oLd—-—_ 11111 ;
41117 ‘iog\s thione
L-Orrithine G Orqi\—’i":—” [ rx] }3
&
|
Agining and proline
esbolen
Glutathiongl- Bis(glutathiony)-
spermine Speriun
TR | Bisuntionytspennine
O— T —*0 -0 Bis(gluathionjope
TeTh TeTh
T 1 Tyt |
oc'—ﬂ—';"f' o o Horoty
Arinoprops Tl Glubhionyl Homotrypanothions
cadsvering aminoproppl. Te1175
catkevering
00430 6412
(¢) Kanehisa Laboratorizs
O
v ¥ RioeSP FRFP
Fromanp I»—T o 5 0 o ° o o o o——o—>0 O Hatline
(f Risulee. 5P I
& Sl
fo— Sedslepnioss TP
Atk
3 o—w0 o O Trypmphs
—YS
R o
o—0 ] o—wo—w o HE, o I Tyosine
Stz Clanme
o J—
o
Pioeglossinn
& N
[EA— S
2-Ornisovelemte Fyvwaie [
Volize C4—>0 o ob——. OCwime O ]
; l ;
! o B 00 LI—
o l Covtlhionine Homaryekine
G Oy
Lo G4—w0 ]
FR—
Tochwine b0 o o &
s
[E—
o
I
_-om‘-..»...ki
H
©
-
2 D WG OO WO O Lyzine
Lty L.y lyine T
o w0 A
Swctampine
a1z
1




PURINE METABOLISM

Pento te patly ]
entose phosplate peray glutamate et

Bibosylaraine-
é 5P 5

Riboge-5F
O

|
|
7
O
R

O
4DPrhose

35
cyc].w GMP

&

Histiline ragtabolisr
I

|
AICAR |

5-fuino-
(6326 |[woe{ 4323 P-Oe— 2427 RO P00 0o e Adenylylsu]fabe
SAICAR
[277.53] 2774 |-QSulfate
3 Acetylphcs adenosing
¥
QFAICAR {machandgn FMMIZU [27753][36141] [27129]
e irhosphoad 3'—Phnsﬁhn—
(nuhochnndm) adenylal
2123 |[354.10 TV ot O—[E138] o
Amgio Ao Ee Phusphuadenylyl

v 1.
Folate biosynthesis & GO
Dh&C 2 a3 7

1213

5'-Eut;rrylphosphomcsme O

HVIP

succitiate
O

2, 3-oyelic AP
- OE &

[2a28][32212]

Inosine 5

24222

2.3
oyelic GMP 3136
Cllyrine , sexine and o—[E1 416G
thrsrming metabalisr T.0MP
iy 3-Arino-
| . 4-irdazole
Ammmm]dam]e cabonyiat S heido
Glyeive b {2126}1-0 (354z}oe{4ti- |0 ole
Fomireine. Incidaznlone cathozylate
glyring

00230 720014
() Kanehisa Laboratories

O ATP

Deoxyadenosine
242- | danE O 27176 a
[ L.
i 2421
euthine 3544
)
Ungle-
Zorlbonucloside p Deoxyinosize
on—{24216 Ot Useidoglyeine
242.16] s znx;am TN o
H
S carboxylme (5)-Allantnin CO2
b Ny Ny Py 0
3-Hydroxyisowrate Allanioate

(R-fallantoin ©




| PyRIMIDINE METABOLISM |

Pentose phosphate pathway f- ——— — ————

N-Clarharao

L-aspartate 3“l-o._-_.o‘ 13981

Dihydroorotate | 1352

13114

00240 521114
() Kanehisa Laboratories

o UDP- glur,ose

{extracellular)
2,3 -Cyelic
TE
314160

Plseud.ou.ridjm—
42.1.70] 7-phosphate
33--
1311
13.1.2

D]hyd.mu.racﬂ

- 2.7.1 830 Pseudonridine

2-Deoxy-D-rhoge-1F

3522 3516 O— = EA metaholism

—-C

3-Hyhroxy
propionats

pwpwmhe
© L-Glutaraine Barbiturate
& 1179 4—w0—] 5521 |-»0—{35195 O Walonate
l 3-Cro-3-wreido-
e
YlF propanad O Urea
A lamine, aspartate and Umdﬂacﬁe
glutarnate retsholisra Thinredoxin Thioredoxin
00— &) Carbamate Plalomate-
[1z19] [r1742] [1819]
Thigredoxin iy %’D : mﬁ%xm 2 Deﬁgys hyrdroy ‘11149946|—>3U 1;51110 s 3o—|P RutC };-_-o—| FuD |#O—
e -3-Perose te
o—| d.isulrf'ew in —To b d.lphoysphahdnhe]e (Z) reidoacryial - acrylag roinoacryla
A ‘—-— B o
1819 | [11742] ACTP L ACDP <—-— coxye
36112
O T 3545
- 35430
Thinedoxin 35413 Tz6119 [2422]
2] ( 36123 2423
A ngP 27121 hA 2421
R I, -
dUTP 36139 Deoxyuridine 2424
Thioredoxin disylfide 5-Methylarbitaate
O CO4—{3521 | *O
1210 o ethylralonats
O 5. Wethyleytns
Thioredori | u sloytosine
3- Ureiduisubutymlz
rF
s S5 d-gp‘_-_& ERETY ‘_m_ = O"—*O (3522 (3516 —wO——] [ buieand
(3615 | 1424 L 1312 Pyhen isoleucine metaholism
3615 yadne [hym ne Tobutmots
36139 ©




I BIOTIN METABOLIZM
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