Supplement to “Isolation and Characterization of Mutant Sinorhizobium meliloti NodD1
Proteins With Altered Responses to Luteolin” by Melicent C. Peck”, Robert F. Fisherb’#,
Robert Bliss¢, and Sharon R. Long"™"

Department of Medicine®, Division of Infectious Diseases, University of California, San
Francisco, California 94143

Department of Biology®, Stanford University, Stanford, California 94305

Department of Biochemistry and Biophysics®, Texas A&M University, College Station,

Texas 77843



BBB3BIRRBRIARAR
b b b b b b b e e e e X >
L e el =R~
M2 WW VX N -
AP AT XA >O>
WUV OVNOTOUXAET
BC 6F 6f M C/BEEE X OF B W OF X X
CxoVnIvxowvvnane o
oo rHzrxvravxwn
ESsscccocccboecax
MNMHMAd d>=D> WD WIw>a
M b b e e e D e
d d et ek d d d k- —d d —-d -
WowWooaoLooOIaowo
CCOOO - C V>
CXZZOOXXZOOLLLO
[ e e N L e
> ANOWCO W W W W
oM Zo000WWaO
RRRR“EEEEEEEEE
-t ek d d ) d d
exxxxduconxzzwux
Ao X O XX O &
Pt B o d d P D b b D
<«He«vw<r<.xzococoxzo
WD N &
nunununnnunununidznnn
EEE D D o bt bt bt e
<d<C< o <TI0
aaaallacaHAacava
OO TOMOOD
NAN AN N gAn
- edd d A E A A -
ZZZOOEZT I ZTOUW >
N b b ed XAV ddod
ENNXZE IS WNEXE O
exxwwaod~orozw
<aqv[dacaccaccaaa
caqalacacacaco a>r-
Mt O O O M N
A Cx = -n
ol e e e X e e
MMM NETHNOWVNZIVWNZEZZ
L e L N
KX 00  E<cOOo=
WWWOOW>-IITWWoT
[ I R
EEFT S CwT < CC> <>
e e L
oo CUC T T T L W
CEOZTZAHEWS>>a>
ol e N e e e e e
XL A>>> L L L >
S>> xowX WX XX
et ek d d d P ok e d d
Hddd-EarOnNnOoTCCO
zzzzzxoczcacoo
et d d  d d d ok P d d N
cooocOaxXZTaZT- | ZX
-t ot d P -
vovoox
B M M OE 0L >
[P TR
Moo O wee

'

R AN O
zElerszsyaa

Ec bl
StCysB M- -----

LR R LR R LR RREE

Bl v P wr P
POVIZZOZTIXWEI W
cocoo00OOCOOnn
cafleczva>wurw>
W WL V- < -
EXLOTEEE LD O w
aasawaxEnEE~
VI.VI.I.FFEFI.I.YFF
EXEI>DPELNOOET IO
W XWOX TN XTI XX
> zEE - HeH~~
e e e
Mo XO JEZOATEX WD
<cwaaxaouweal]ea
o & & e e
(RPN -, PR SIFRURIFTN v; P
> b0 a0 V> >0 > >
-z e o o e

-t

e R e e T ]
EEEZT - WX T -
e b e e b bt b o o od 3t o
L L R B R
EEXEXLELTXCO I >N
cecerwovowo@-co
wuBBuwinauconaxnx
cowwasrwe@-zxwro
< soxoo-E>0ca
cocboaxvEXwwNEZE
ZEZT> 000X OVNAE -
e e M b d b O T
LA VVNOOO 1 O9x JWw
COCOWWVLIINIXOO
EEEC T i >
ML TEWLEEXEOX >
M- OCWEOW»>VNaEWN
DS S A OO AN
P T R )
HL LA ZTXTO>O0O0T
Co0O0xZTxXxZTAXVNOND
MM A d N X d>a>
srzr<zwPewurzwx
P LAEI>>OZ>NZN
e T D e e W
T o N D et
SwwrwaJuS e w
XX~ EXOZXO~we
>>>>>na> aC<a<
oA OO W WD O
LA WWWEXXALOWOD>x
CACCCTIE A d>
Becadadauadaas>u ax
R R LRV T
W ) o MO X T O
He<<<vovcvovovoove
R EEEE R T
R R R R I I
Hexgrr<vwwasrwwa
GAGAGATVO-OAL -

CER LA R B

Vt
zzleusrsueass

EEE PRI EEE T
R R e e R e e e e e ]
e
e wded T =D

MWWV | e
M d X~ I EVNEWOGWN
ZOoOXXOAAW IOV iAW
COONWU | | Xt
CHOXEXEVEDAZTOOTS
PN AN T~ <
HMOOND> I E Xl v
XxwooaTax  plaacaa
ZETETTTIITIITTT I XTXTXTXTXT
—-woowow Bewveo
GO MMXWXE  waawTo
UuVxxoaoa  >a o
VOLLUIOU> | ~Ha>>>
>>>IXToAd>a qC> qC >
CUOVUL> > >
>>>>>d>> -o X

I-I.l_YV.FmA IXTJxr e
<xXxxxr<oo oI E
wwoldzvl wzx uEE
SWWwWEOW> | SazTxxT

Fffﬁlﬂm..fﬁ >
ol d wd d )k kB S
M kb ntaw  ab
CECCELEL LA ODEND D> D
HMENOONA-V WV I-aX
ot kkwwa—<E> >
”“"FFFLI'FMKLL
L OO0 LT -
NO L Ldw <O
nVnooaovoVwaad
EXZIX S0 O
LWL Ta0oxOw
> WTWE X
o WZ-XOE>A
acaoo <«xrXroa<a . o
e x < Fe o
e glo «
L E-aVaxO0a<
I P e )
e A O COE D> OO
B e b o o e b b U o
-R-N-N-T-N-N-N-Y N -N-N-J-N-]
N R e L
Coo<d<F WO XI W
[CRCRCRCICR JURCPRRCE SRR
EENNZTEONOVE WE X
EExxwoOwxawoasxon
o X d > L ok d >
SO A IO T <
WWWWOCo Wo <0 wi-w
TWOXEIVIEOCO d-pa<

coovI<awnzxwhdor
Blo o <va > wnwzHEHE
MDNNSHEPHQNGTS

-] =

EEEE M BB
a

-
ZE8pssrsoass

%%%%%“Q%%uﬂ“““
NANNNNANNNNANNANNN
ccaafl<Beoafuwa<<
e e A
e e o QP
oL oL oL L L = e oL N OO
L T e R R R i L
[N C RN RC T SR T
=xxocora<zuwEHH-
—FEHoYnwoooooow
voovnazzwod<E- -
NNOoOTOoOVNax o a-fgae
P e
— e b X = ] >
Xoxorzao  w=zooH-
OB OO I AV.a @ X @ XX
ot bt b b S ) d d X O P P
[ - e L
e = e L ] >
—EE-aowx A= o
crwvwwa@dhanJuida

vovrzwidaovnaldBe
cacaBlz=zvvner-xbdol
e = e AW
S DD Dl W e WO N
— e bl e O > =
L L L O O et =l N [ O i > e
M D X e DO D
L e =
oW o WO <O
”KKKRSPQSOEELT
M M bt b e ol QL - — -

-

LLOLVLLOLLVLOULYYawvuw oo
TrTa>> Ca@duEx<
woweMo |  weeleo
SELwkol oo laz

| e e e e

-k 3= o [ < =

xxmoveElo -
oaxfluzoo

NN WL >0 dx OO =
ooocolfe >l
= numPGGSEAMR

-OOEX o

e of o Ll T
COO <L o O
P R T =
Vol e MM E e b
= A R e
- o D D R et b b bt o
< acox xdox—xa a
S5 WU WG WO W E >
sErTrTocwvavVe x O
D D0 WD OO b o o bt
m'"lYlllQlllll
SSSESAEDIDDMSA

EXIX~VWasOoOOoaa o
el U e DD BN X > - -

FOxOxao o~ <o o b=

EEEE RN o B
K

e
EEdersrsseass

RRARRIACEIRGRR
SRS

Lo [ R R IRV RV
L N o e
[— NI TeR T T ]
O Vo -
e L e
[ o o=
[T I I3
e R
w—wn o R D 0 e e
Amﬂ__ o e e e e
[FE RV W DWW we
DWW (I C T -
- > = oo -
I - 4 o e X D -
Moo b =l T XM OX
wWuzZzoooTe | a  Qao
Exxepd - o> e &=

- - o o
[ N el =
ol ) e O - P P
D B I e I e B T
EETETEzE O CLOWO L O

[CRC RO e - A R L el
OO0 > s X D> ot X
BEHEHee = <« <o <> >
-V x<oEawna>z=wn
EEEZEZTo > =
EE T b D e N O
BEHOxx<x>ac-ocoowauw
L ol el L O b O W OO
AaldkarrooVunooITown
EErxEE~r<of]>Tcx
(<= 4 - VRN TR TN~y ~ J Q.o x o
g L ™
o R D e DO O
M b L et bt b D bt b d e B
R R Al NCETSE
] = =R = |
A NO WO =GN =E] - -
> dopapBlxocxB G@-=wn
B o B d - d O W T
AN AY>=AL>ONNTOWN

o WL D e ey WD QL e e
cacaoxax ol B -
NnTTITToooemxoghTo

| O U O -
' | [ | o d e e o e b
Fdocoaaococawaa<aoco
DA BN B D
Mo b = o e N | O O
EEH O NHU | > 0>
- d - D d Pt Pl d ok -
asravcoveo xl@ozzo
L WA e oW waa

'
'

'
'
'

——o O & | Ve w e
W o o
| -t O =
'

'
'

o oD W= o
oW > X <
- w o
Taoowvo

v o=

> xoee )< e

Mo W X
AN NN
- ed d e | X D> N
B Fr<xox B=
- HOOA > Jda wn

§3323%35%535%:2
K

z
Efegsrsygeass

Rlv

308
310
318
301
300
294
298
298
291
365
310
304
316
324

>

=

o ®
= o
g5 2
2 S
# N B
N
T2
B E T
g9 s
52 o
_anL
=00

LTTR mutants

D Type |: Activation-deficient
[] Type 11I1: Enhanced-sensitivity

|:] Type I, IV: Constitutive

E - B

x=x ' -

= — = o

v O>>a = e

(=4 TV <o -

L - Oovwa -

- O | MO WD

o X -

o od D e e e e

- L= - 4

w o e I 0oVvw -

b AR EE-IT

e oM e e

a3 O

0w LI B B R ¥ V)

NEWn<a [ R V-
=t o

FEEEE AN S B EE

> =8 - SO

EEA&IEREELA85



Figure S1. Locations of mutant residues based on structural and functional studies
in LTTRs: S. meliloti NodD1 (1), R. I bv viciae NodD (2, 3) (Peck and Long,
unpublished data), R. L bv trifolii NodD (4) (Peck and Long, unpublished data),
Burkholderia sp. DntR (5), P. putida NahR (6) (7), E.coli XapR (8), C. testosteroni T-2
TsaR (9, 10), A. tumefaciens OccR (11) (12), C. freundii AmpR (13, 14), E. coli OxyR
(15) (16, 17), R sphaeroides CbbR (18), A. baylyi BenM (19) (20), E.coli Cbl (21) (22),
and S. typhimurium CysB (23). Numbers to the right indicate amino acid residue.
Residues shaded yellow are identical to S. meliloti NodD1. Outlined residues indicate
the following mutant phenotypes based on mutations in LTTRs: green: activation-
deficient except in Cbl in which mutants are unable to repress target transcription;
red: constitutively-active; purple: enhanced inducer sensitivity. Mutant phenotypes
based on LTTR crystal structures: orange: oligomerization; grey: ligand binding (i.e.,
lining the inducer binding pocket or contacting the ligand). Boxed areas indicate

mutational hotspots at sites of mutant residues discussed in this study.



TABLE S1. Strains and Plasmids

Strain or Plasmid Relevant Characteristics Source/Reference
Strains
DH5a Escherichia coli supE44 AlacU169 (P80lacZAM15) hsdR17 (24)

recAl endA1 gyrA96 thi-1 relA1l

XL1-Red A[mcrA]183, AlmcrCB-hsdSMR-mrr]173, endA1, supE44, thi-1, Stratagene
gyrA96, relA1, mutS, mutT, mutD5, lac Tn10 (TetR)

XL1-Red Tcs A[mcrA]183, AlmcrCB-hsdSMR-mrr]173, endA1, supE44, thi-1, This study

gyrA96, relA1, mutS, mutT, mutD5, lac TcS

Rm 1021 Sinorhizobium meliloti SU47 str-21 SmR (25)
A2105 Rm1021 nodD1::Tn5(9B7) nodD2::tm nodD3::sp/g-1 nodC-‘lacZ  (26)
BTH101 F', cya-99, araD139, galE15, galK16, rpsL1(StrR), hsdR2, mcrAl, (27)
mcrB1

Plasmids

pASK75B Vector encoding 10 amino-acid Strep-tag, Tc-inducible promoter (28)
pUC119 Cloning vector, ApR (29)
pBluescript SK  Cloning vector, ApR Stratagene
pCRII-TOPO TOPO Cloning vector, ApR Invitrogen
pGroESL E. coli groESL in pTG10 (30)
pKT25 B. pertussis cya T25-expression plasmid, KnR (27)
pKT25-zip B. pertussis cya T25-1eucine zipper fusion, KnR (27)
pUT18 B. pertussis cya T18-expression plasmid, ApR (27)



pUT18c-zip
pNodD1-ST
pMP40
pMP41
pMP42
pMP43
pMP44
pMP45
pMP46
pMP50
pMP60
pMP61
pMP62
pMP63
pMP64
pMP66
pMP67
pMP68
pMP69
pMP70
pMP86
pAB 100
pAB 101
pAB 102
pAB 103
pAB 104
pRF796

pRF1049

B. pertussis cya T18-leucine zipper fusion, ApR

C-terminal fusion of NodD1 to Strep-tag in pASK75B
C-terminal fusion of NodD1 D284N to Strep-tag in pASK75B
C-terminal fusion of NodD1 K205N to Strep-tag in pASK75B
C-terminal fusion of NodD1 L280F to Strep-tag in pASK75B
C-terminal fusion of NodD1 L69F to Strep-tag in pASK75B
C-terminal fusion of NodD1 S104L to Strep-tag in pASK75B
C-terminal fusion of NodD1 D134N to Strep-tag in pASK75B
C-terminal fusion of NodD1 M193I to Strep-tag in pASK75B
S. meliloti nodD1 in pCRII

S. meliloti nodD1 D284N in pCRII

S. meliloti nodD1 K205N in pCRII

S. meliloti nodD1 L280F in pCRII

S. meliloti nodD1 D284A in pCRII

S. meliloti nodD1 L280A in pCRII

S. meliloti nodD1 P285A in pCRII

S. meliloti nodD1 P285Q in pCRII

S. meliloti nodD1 G286A in pCRII

S. meliloti nodD1 P285Q G286A in pCRII

S. meliloti nodD1 K205A in pCRII

S. meliloti nodD1 M1931 in pCRII

S. meliloti nodD1 L69F in pCRII

S. meliloti nodD1 L103F in pCRII

S. meliloti nodD1 S104L in pCRII

S. meliloti nodD1 D134N in pCRII

S. meliloti nodD1 D135N in pCRII

S. meliloti nodF nod box in pCRII

NodD1-T18 fusion in pUT18, ApR

(27)

(31

This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study

This study



pRF1050
pRF1051
pRF1099
pRF1101
pRF1104
pRF1105
pRF1107
pRF1108
pRF1113
pRF1114
pRF1115
pRF1117
pRF1119
pRF1120
pRF1134
pRF1138
pRF1145
pRF1151
pRF1153
pRF1155
pRF1151
pRF1161

pRF1163

T18-NodD1 fusion in pUT18c, ApR

T25-NodD1 fusion in pKT25, KnR

NodD1 L69F -T18 fusion in pUT18, ApR

NodD1 S104L -T18 fusion in pUT18, ApR

NodD1 M1931 -T18 fusion in pUT18, ApR

NodD1 K205N -T18 fusion in pUT18, ApR

NodD1 D284N -T18 fusion in pUT18, ApR
T25-NodD1 S104L fusion in pKT25, KnR
T25-NodD1 L280F fusion in pKT25, KnR
T25-NodD1 D284N fusion in pKT25, KnR

NodD1 L103F -T18 fusion in pUT18, Ap®

NodD1 L280F -T18 fusion in pUT18, Ap®
T25-NodD1 L69F fusion in pKT25, KnR
T25-NodD1 K205N fusion in pKT25, KnR
T25-NodD1 M193I fusion in pKT25, KnR
T25-NodD1 L103F fusion in pKT25, KnR

NodD1 D134N/D135N -T18 fusion in pUT18, ApR
NodD1 L103F/S104L -T18 fusion in pUT18, ApR
T25-NodD1 L103F/S104L fusion in pKT25, KnR
T25-NodD1 D134N/D135N fusion in pKT25, KnR
NodD1 L103F/S104L -T18 fusion in pUT18, ApR
NodD1 (Bglll/BamHIA)-T18 fusion in pUT18, ApR

T25-NodD1 (Bglll/BamHIA) fusion in pKT25, KnR

Broad host-range plasmids

pRK2013
pTE3
pRF771

pRmE43

RK2 derivative helper plasmid, Kn®
IncP cloning vector, TcR, S. typhimurium trp promoter
pTE3 with modified polylinker

nodD1 in pTE3, TcR

This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study

This study

(32)
(1)
(33)

(34) (35)



pMP53

pMP150
pMP151
pMP152
pMP153
pMP154
pMP156
pMP157
pMP158
pMP159
pMP160
pMP173
pAB 110
pAB 111
pAB 112
pAB 113

pAB 114

S. meliloti nodD1 in pRF771

S. meliloti nodD1 D284N in pRF771
S. meliloti nodD1 K205N in pRF771
S. meliloti nodD1 L280F in pRF771
S. meliloti nodD1 D284A in pRF771
S. meliloti nodD1 L280A in pRF771
S. meliloti nodD1 P285A in pRF771
S. meliloti nodD1 P285Q in pRF771
S. meliloti nodD1 G286A in pRF771
S. meliloti nodD1 P285Q/G286A in pRF771
S. meliloti nodD1 K205A pRF771

S. meliloti nodD1 M1931 pRF771

S. meliloti nodD1 L69F pRF771

S. meliloti nodD1 L103F pRF771

S. meliloti nodD1 S104L pRF771

S. meliloti nodD1 D134N pRF771

S. meliloti nodD1 D135N pRF771

This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study
This study

This study



Table S2. Dimerization of NodD1 mutants

T18 fusion T25 fusion B-gal* SD
DI(L69F)-T18  T25-zip 262 92
DI(L69F)-T18 T25-DI 5403 595
DI(L69F)-T18  T25-D1(L69F) 657.7 118.6

DI-TI8 T25-DI(L69F) 356.1 1252

T18-zip  T25-D1(L69F) 276 95

T18 vector  T25-D1(L69F) 275 189
DI(L103F/S104L)-T18  T25-zip 291 7.7
DI1(L103F/S104L)-T18 T25-DI 4138 1229
DI1(L103F/S104L)-T18  T25-DI1(L103F/S104L) 7287 90.8
DI-T18 T25-DI(L103F/S104L) 302.6 105.3

T18-zip T25-D1(L103F/S104L) 276 43

T18 vector  T25-DI(L103F/S104L) 295 48
DI(D134N/D135N)-T18  T25-zip 270 86
DI1(D134N/D135N)-T18 T25-DI 7129 1033
DI1(D134N/D135N)-T18 T25-DI1(D134N/D135N) 818.0 104.2
- DI1-T18 T25-D1(D134N/DI135N) 3969 400
T18-zip T25-D1(D134N/DI135N) 341 88

T18 vector T25-DI1(D134N/D135N) 231 95
DI(M1931)-T18  T25-zip 25.1 102
DI(M1931)-T18 T25-D1 5707 479
DI(M193D)-T18  T25-D1(M193I) 5340 40.7
DI1-T18 T25-D1(M193I) 3873 56.6

T18-zip T25-D1(M193I) 514 285

T18 vector T25-D1(M193I) 141 75
DI(K205N)-T18  T25-zip 260 325
DI1(K205N)-T18 T25-DI1 5624 180.8
DI1(K205N)-T18  T25-D1(K205N) 709.1 138.5
DI-TI18 T25-DI1(K205N) 4592 227.7

T18-zip T25-D1(K205N) 108.5 59.0

T18 vector  T25-D1(K205N) 12.1 116
DI1(L280F)-T18  T25-zip 166 225
DI1(L280F)-T18 T25-D1 6270 1545
DI1(L280F)-T18  T25-D1(L280F) 7749 1430

DI1-T18 T25-DI1(L280F) 263.7 116.0
T18-zip T25-DI1(L280F) 304 21.1

T18 vector  T25-D1(L280F) 20.1 85
D1(D284N)-T18  T25-zip 263 164
DI1(D284N)-T18 T25-Dl 5792 110.2
DI1(D284N)-T18 T25-D1(D284N) 7644 1643
DI-T18 T25-D1(D284N) 3614 1634
T18-zip T25-D1(D284N) 440 218

T18 vector T25-D1(D284N) 17.1 55
DI(L103F)-T18  T25-zip 157 79
DI(L103F)-T18 T25-DI 460.8 266.6
DI(L103F)-T18 T25-DI(L103F) 557.7 1058

DI1-T18 T25-DI1(L103F) 6594 1285
T18-zip T25-DI(L103F) 515 366

T18 vector T25-DI1(L103F) 527 127
DI(S104L)-T18  T25-zip 13.1 148
DI(S104L)-T18 T25-DI 5539 999
DI(S104L)-T18 T25-D1(S104L) 7674 177.6

DI-T18 T25-DI1(S104L) 3695 490
T18-zip T25-D1(S104L) 208 243
T18 vector  T25-D1(S104L) 14.1 134

*B-galactosidase activity (Miller units) of wild-type lacZ in cyA E.coli



Table S2. Dimerization of NodD1 mutants. cya E. coli BTH101 was co-transformed
with plasmids expressing the indicated T18- and T25-NodD1 fusions. Six colonies from
each co-transformation were patched onto minimal maltose medium (left) and assayed
for cAMP-dependent -galactosidase activity (right). D1 is wild-type NodD1; mutations
in NodD1 give rise to the residues in parentheses. Data is presented as mean +/- SD from

a representative assay.
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