Supplementary Information

Supplementary Table 1. Primers used in this study.

Primer Primer sequence Primer pair: PCR product,
vector, plasmid generated,
protein encoded
1: HVO_0202° 5'- CGTTggtaccATGAACGTGACCGTCGAGG -3 Primers 1 + 2: Kpnl to Blpl
Kpnl up Kpnl site lowercase HVO_0202 into pJAM939 to
2: HVO_0202 5-TTAATgctcagcTACCCGCCTTTGATGAGG-3 generate pJAM949; expresses
Blpl down Blpl site lowercase FLAG-SAMP2
3: HVO_0383 5-TTAATcatatgGACTACAAGGACGACGACGACAAGggtaccA Primers 3 + 4: Ndel to Bipl
FLAG Ndel Kpnl up GCGCCCAGACGAACCTCG-3 FLAG-HVO 6383 into pJAM202 t
Ndel and Kpnl sites lowercase; FLAG-tag underlined and in bold = P °
P ! 9 enerate pJAM939; expresses
4: HVO_0383 5’-TTAATgctcagcTCACGCTCCACCCCGCTTGTCGAGC-3 I%L AG-HVO 0303 ’
Blpl down Blpl site lowercase ) -
p p
5: HVO_2177 5’-AAggtaccAAAaGaCTCCGtGTCCTCGCCGCGAC-3’ Primers 5 + 6: Kpnl to Blpl
Kpnl up Kpnl site and silent mutations in lowercase HVO_2177 into pJAM939 to
6: HVO_2177 5’—TTAATgctcagCATCAGCCCCCCGCGACC—3’ generate pJAM94’], expresses
Blpl down Blpl site lowercase FLAG-HVO 2177
7: HVO_2178 5-AAggtaccGTGGCGCGCCGACAGC-3 Primers 7 + 8: Kpnl to Blpl
Kpnl up Kpnl site lowercase HVO_2178 into pJAM939 to
8: HVO_2178 5’-TTAATgctcagcTCATCCCCCCGCGCGC-3 generate pJAM943; expresses
Blpl down Blpl site lowercase FLAG-HVO_2178
9: HVO 2619 5’- AAggtaccGAGTGGAAGCTGTTCGCCGACCTCG-3 Primers 9 + 10: Kpnl to Blpl
Kpnl up Kpnl site lowercase HVO_2619 into pJAM939 to
10: HVO_2619 5- TTAATgctcagcCTAGCCGCCGCTGACCGG-3' generate pJAM947; expresses
Blpl down Blpl site lowercase FLAG-SAMP1
11: HVO_2619 5-TTAATgctcagcCTAGGCGGCGCTGACCGG-3' Primers 9 + 11: Kpnl to Bipl
AGG down Blpl site lowercase HVO_2619AGG into pJAM939 to
generate pJAM951; expresses
FLAG-SAMP1AGG
12: HVO_0202 5-TTcATgctcagcTATTTGATGAGGCGGAG-3’ Primers 1 + 12: Kpnl to Bipl
AGG down Blpl site lowercase HVO_0202AGG into pJAM939 to

generate pJAM966; expresses
FLAG-SAMP2AGG

“HVO_2619 (SAMP1), HVO_0202 (SAMP2) and HVO_2177, B-grasp proteins related to Ub/ThiS/MoaD; HVO_2178, MoaD-related protein;
HVO_0383, o’° region 4 homolog; FLAG-, N-terminal FLAG-tag.



Supplementary Table 2. Strains and plasmids used in this study.

Strain or Description® Source or reference
plasmid
Strain
E. coli
DH5a F recA1 endA1 hsdR17(r. m.") supE44 thi-1 gyrA relA1 Life Technologies
GM2163 F~ ara-14 leuB6 fhuA31 lacY1 tsx78 ginV44 galK2 galT22 mcrA dcm-6 New England Biolabs
hisG4 rfbD1 rpsL 136 dam13 ::Tn9 xylA5 mtl-1 thi-1 mcrB1 hsdR2
H. volcanii
DS2 Dea Sea isolate Mullakhanbhai and
Larsen’
DS70 DS2 cured of plasmid pHV2 Wendoloski et al.?
H26 DS70 pyrE2 Allers et al.®
GZ108 H26 panB Zhou et al.*
GZ109 H26 panA Zhou et al.*
GZ130 H26 psmA Zhou et al.*
GZ132 GZ108 panA Zhou et al.*
GZ133 GZ108 psmA Zhou et al.*
GZ134 GZ130 panA Zhou et al.*
GZ138 H26 Py,.4-psmB Zhou et al.*
GZ145 H26 hvo 1870 hvo_1862 Zhou, unpublished
GZ100 H26 hvo_1870 Zhou, unpublished
Plasmid
pBAP5010 Ap"; NV'; H. volcanii-E. coli shuttle expression plasmid Jolley et al®
pJAM202 Ap'; Nv'; pBAP5010 with P2,,,-psmB-His6 Kaczowka and
Maupin-Furlow®
pJAM202¢ Ap"; NV'; pJAM202 without P2,,,-psmB-His6 insert Zhou et al.*
pJAM9O39 Ap"; NV'; pJAM202 with P2,,,-Flag-hvo_0383; used for inserting genes This study
for N-terminal FLAG-tag using Kpnl and Blpl
pJAM941 Ap"; NV'; pJAM939 with P2,,,-Flag-hvo 2177 This study
pJAM943 Ap"; NV'; pJAM939 with P2,,,-Flag-hvo 2178 This study
pJAM947 Ap"; NV'; pJAM939 with P2,,,-Flag-hvo_2619 (FLAG-SAMP1) This study
pJAM949 Ap"; NV'; pJAM939 with P2,,,-Flag-hvo_0202 (FLAG-SAMP2) This study
pJAM951 Ap"; NV'; pJAM939 with P2,,,-Flag-hvo 2619AGG (FLAG-SAMP1AGG )  This study
pJAM966 Ap"; NV'; pJAM939 with P2,,,-Flag-hvo 0202AGG (FLAG-SAMP2AGG )  This study

®Abbreviations: Ap', ampicillin resistance; Nv', novobiocin resistance. Genes and encoded proteins: panA and panB, PanA and PanB AAA
ATPases related to Rpt subunits of 26S proteasome; psmA and psmB, a1 and B subunits of 20S proteasome core particle; HVYO_ 1870 and
HVO_1862, S2P metalloprotease homologs; HVO_ 0383, o’° region 4 homolog; HVO_2619 (SAMP1), HVO_0202 (SAMP2) and HVO_2177, B-
grasp proteins related to Ub/ThiS/MoaD; HVO_2178, MoaD-related protein; FLAG-, N-terminal FLAG-tag; -His6, C-terminal His6-tag.



Supplementary Table 3. MS-identified SAMPs and SAMP-conjugates®.

MS- SDS-PAGE  No.
identified A . . . Mascot . .
. nnotation or gel slice peptides/ Peptide (E value; protease cleavage)
protein homologs (kDa range)® % coverage Score
(cal. kDa)® g g o g
H26-pJAM947 (FLAG-SAMP1) grown in complex medium (ATCC 947):
HVO_2619 SAMP1, B-grasp Ub- 5-10kDa 3141 % 76 G.DELALFPPVSGG.- (1.6e-3; AspN)
(9 kDa) like protein modifier A.DLAEVAGSRTVRV.D (4.7e-4; AspN)
K.LFADLAEVAGSR.T (2e-7; trypsin)
25 - 30 kDa 2/14 % 78 K.LFADLAEVAGSR.T (1.3e-7; trypsin)
45 - 50 kDa 114 % 70 K.LFADLAEVAGSR.T (9e-7; trypsin)
HVO_0558 molybdopterin 25 - 30 kDa 216.7% 54 L.DGRLLFY.D (4.4e-2; AspN)
(29 kDa) biosynthesis protein P.DVSVEPVEARV.D (1.6e-3;AspN)
MoeB; Ub activating E1
enzyme
HVO_1864 molybdenum cofactor 45 — 50 kDa 7123 % 144 P.DARVPTVALAGV.D (2.4e-5;AspN)
(28 kDa) biosynthesis protein A.DVASLAAEI.D (0.1; AspN)

MoaE; Ub conjugating
E2 enzyme

M.DAISEELEAR.D (4.1e-5; AspN)
V.DAANVVAEAETA.D (1.6e-3; AspN)
R.LAAQLDGR.V (2.8e-5; trypsin)
K.MDAISEELEAR.D (4.8e-08; trypsin)
R.TVEDGIDR.L (5.6e-4; trypsin)

H26-pJAM947 (FLAG-SAMP1) grown under nitrogen-limitation (GMM+Ala minus NH,Cl in 2.5 M NaCl):

HVO 2619 SAMP1, B-grasp Ub-
(9 kDa) like protein modifier
HVO_0558 molybdopterin
(29 kDa) biosynthesis protein
MoeB; Ub activating E1
enzyme
HVO_1864 molybdenum cofactor
(28 kDa) biosynthesis protein
MoaE; Ub conjugating
E2 enzyme
HVO_A0230 MsrA, methionine-S-
(21 kDa) sulfoxide reductase
HVO 2402 glycine cleavage

5-10 kDa
25 - 30 kDa

45 - 50 kDa
25 - 30 kDa

45 —-50 kDa

45 — 50 kDa

50 — 60 kDa

5/28 %
114 %

114 %
4/17%

3/10%

2/12%

2/4%

63
62

63
79

54

75

28

A.DLAEVAGSRTVRV.D (0.00047)
G.DELALFPPVSGG.- (0.0016)
K.LFADLAEVAGSR.T (5e-6)
K.LFADLAEVAGSR.T (4.7e-6)
K.AESAAAFVR.G (0.0045; trypsin)
M.TLSLDATQLDR.Y (0.041; trypsin)
K.LLLDEGEALDGR.L (5.8e-06; trypsin)
R.GLNPDVSVEPVEAR.V (0.036; trypsin)
R.TVEDGIDR.L (0.62; trypsin)
K.MDAISEELEAR.D 5.2e-05; trypsin)
R.LAAQLDGR.V (6.7e-06; trypsin)

R.QGPDVGTQYR.S (0.0012; trypsin)
R.SIVLFHDDEQKR.Q (0.018; trypsin)
R.LDELSGVK.A (0.056; trypsin)



(49 kDa)
HVO_2900
(50 kDa)

HVO_0025
(32 kDa)

HVO_0359
(46 kDa)

H26-pJAM949 (FLAG-SAMP2) grown in complex medium (ATCC 947):

system P-protein
FumcC, fumarate 50 — 60 kDa
hydratase class Il

SseA, thiosulfate 45 — 50 kDa
sulfurtransferase,

Yor251cp homolog

EF-1q, translation 50 — 60 kDa
elongation factor EF-1

subunit a

3/ 7%

3/13%

2/2%

HVO_0202
(7 kDa)

HVO_0558
(29 kDa)

HVO_0966
(35 kDa)

HVO_0580
(36 kDa)

SAMP2, 3-grasp Ub- 10 - 15 kDa
like protein modifier
30 — 40 kDa
60 — 80 kDa
100 - 125
kDa
molybdopterin 30 — 40 kDa
biosynthesis protein
MoeB; Ub activating E1
enzyme
eif2ba translation 30 — 40 kDa
initiation factor, alF-2BlI|
translation initiation
factor
N-type ATP 30 — 40 kDa
pyrophosphatase

superfamily, Ncs6p
homolog

1/42%

1/42%
1/42%
1/42%

21/70%

7124%

4/11%

76

35

75

61
66
61

845

357

129

R.NAMADLLSR.N (0.055; trypsin)
R.LGQEFGGYR.T (0.0012; trypsin)
K.LLANSSEVFAER.F (3.4e-05; trypsin)
R.AAEIMGEGIGDR.V (0.0058; trypsin)
K.GPFEDIR.A (0.0077; trypsin)

K.GLPLVDVR.S (0.002; trypsin)
R.SPEEFSGEILAPPGLQETAQR.G (0.003; trypsin)
K.VLEVNER .- (0.0055; trypsin)

K.VLEVNER.- (0.0051; trypsin)

R.AVDLSPHEVTVLVDGRPVPEDQSVEVDR.V (4.1e-07)

R.AVDLSPHEVTVLVDGRPVPEDQSVEVDR.V (1.5e-05)
R.AVDLSPHEVTVLVDGRPVPEDQSVEVDR.V (2.9e-06)
R.AVDLSPHEVTVLVDGRPVPEDQSVEVDR.V (1.9e-05)

K.AESAAAFVR.G (6.9e-05)
R.YLLNDVCR.F (0.00029)
M.TLSLDATQLDR.Y (1.2e-07)
K.LLLDEGEALDGR.L (5.6e-08)

- MTLSLDATQLDR.Y (4.8¢-08)
R.FEGIPLVHGAIYK.F (0.0032)
R.QVVHCDDDVGTPK.A (0.00088)
R.GLNPDVSVEPVEAR.V (3.4e-07)
R.HIIMDEVGPEGQGR.L (6.9¢-05)
K.FEGQATTLVPDGPCYR.C (1.3¢-07)
R.LLFYDAMDMTFETVPYR.T (6.6e-10)
K.SNVHEVVAGSDVVVDASDNFPTR.Y (1.3e-09)
R.VDKSNVHEVVAGSDVVVDASDNFPTR.Y (1.8e-09)
R.GAATIADAAAR A (2.4e-05)
K.IGTSGLAVNAR E (9.2¢-06)
R.YVDAIVTER.G (3.9¢-06)
R.GTPIMVAAQTLK.L (5.4e-06)
R.TQATESDAADAEAFR A (2.3e-09)
R.DTAEVVDDDTLADLGNPTVK.N (1e-07)
R.DAGEFIPR.A (3e-05)

R.FADELGADK.L (7.8e-06)
R.GEIQQLLLK.L (0.0086)
R.IREDNMLPR.D (0.0067)



HVO_1344
(27 kDa)

HVO_1250
(21 kDa)
HVO_1577
(19 kDa)

HVO_2328
(21 kDa)
HVO_1545
(25 kDa)

HVO_A0230
(21 kDa)

HVO_0481
(38 kDa)

HVO_0887
(31 kDa)

HVO_ 1478
(36 kDa)

HVO_2583
(41 kDa)

HVO_1921
(52 kDa)

HVO_0677
(49 kDa)

HVO_2305
(66 kDa)

Shwachman-Bodian-
Diamond syndrome
protein

Thiol-disulfide
isomerase/thioredoxin
Putative winged-helix
transcriptional
regulator, C-terminal
CBS domains
Isochorismatase

Dhal, dihydroxy-
acetone kinase L
subunit

MsrA, methionine-S-
sulfoxide reductase
GAPDH,
glyceraldehyde-3-
phosphate
dehydrogenase type |
PorB, 2-oxoglutarate
ferredoxin
oxidoreductase beta
subunit

TFB, transcription
initiation factor B

HmgA, 3-hydroxy-3-
methylglutaryl
coenzyme A reductase
SerS, seryl-tRNA
synthetase

AspS, aspartyl-tRNA
synthetase

MoeA, molybdopterin
biosynthesis protein

30 — 40 kDa

30 — 40 kDa

30 — 40 kDa

30 — 40 kDa

30 — 40 kDa

30 — 40 kDa

45— 50 kDa

45 — 50 kDa

45 —-50 kDa

60 — 80 kDa

60 — 80 kDa

60 — 80 kDa

100 - 125
kDa

3/15%

2/16%

2/25%

2/15%

4/18%

2/5%

4/15%

2/16%

3/11%

3/12%

5/12%

4/9%

5/11%

125

124

115

111

109

87

264

96

93

156

139

131

244

R.ALEEAGFK.I (4.5e-05)
K.VNNITSGTAETR.I (1.8¢-06)
R.NAVNPQMNDSPHPPER.| (0.004)
M.VLLESDSELER.G (1e-06)
R.IDDAMSPDDEVSDYEMR.T (1.4e-06)
K.ALQLVEGVPGPK.G (0.003)
R.DSEDAVKGEDIAAEVNR.N (5.1e-09)

R.HDSAEPDSPLR.S (1.1e-06)
R.EFATVVESADLSATR.- (8e-06)
R.EAVLDALDNVAER.L (3.1e-07)
R.EEFVEMEPNEVVK.N (0.025)
K.SIEQDDLPPLEALAK.A (0.00097)
R.QGPDVGTQYR.S (7.2e-05)

R.VALNGFGR.| (5.6e-05)
K.VVISAPPKGDEPVK.Q (3.9e-05)
R.VPVPNGSLTELVVR.L (1.8e-09)
K.SYLSAGENVDESDVVR.V (1.5¢-11)
K.ALANSGTDPDNTFMVAGIGCSGK.| (3.5e-05)
K.FGVDQDMSDIPSGAPDDAMDLVR.E (7.4e-06)

R.MASALGVPR.S (0.00012)
R.SLDEVAEVSR.V (9.5¢-06)
R.YISQELGLELKPVDPK.Q (0.088)
K.KPAAINAVEGR.G (6.6e-07)
R.GCSVINSAGGATAR.V (1.3¢-06)
R.LHTTPEAVAELNTR.K (0.00011)
K.FAEDAYR.I (0.017)
R.NMEDVDIDR.V (0.00032)

K. TTSMEGTGQLPK.F (0.00077)
K.QEGKDEEAQEAIDR.S (0.00048)
R.SGELKEELQELETR.A (9.8e-06)
R.VFEVGPIFR.A (0.00072)
K.QLMVGSGLER.V (0.00012)
R.LTYEEAIER.| (0.0053)
R.LIMTMLGLENIR.E (1.1e-05)
R.TFVAPAVR.D (0.00037)
R.IEKPGVDSLR.D (4e-05)
R.TDLGNAVAALADER.G (4.9e-10)
R.APALLGVGEDDPALSR.V (3.1e-09)



HVO_A0379
(76 kDa)

HVO_1572
(71 kDa)

HVO_1496
(60 kDa)

HVO_1000
(75 kDa)

HVO_0980
(64 kDa)

AgaF, N-
methylhydantoinase A

GyrB, DNA gyrase B
subunit

Ptsl, phosphoenol-
pyruvate-protein
phosphotransferase
acetyl-CoA synthetase

NdhG, NADH-quinone
oxidoreductase chain
c/d

100 - 125
kDa

100 - 125
kDa

100 — 125

kDa

100 - 125
kDa

100 - 125
kDa

4/6%

417%

2/5%

3/5%

3/5%

148

145

120

113

100

R.LMPVGLVADGDGETLVYPVDK.G (0.006)
K. TAFADLEAEGR.E (0.011)
R.EDSELTPADTR.E (8.5¢-06)
R.ETLTAEGVAENR.Q (3.6e-05)
R.AVGENDKPELER.G (6.4¢-06)
R.ITVEDAAAADR.M (3.7¢-06)
R.EFVEYLNETK.T (0.035)
K.HPDPQFEGQTK.T (0.00011)
R.FEVGEPQVEEFER.V (9.5e-07)
R.LTPSDTAQLDPER.V (4.2¢-06)
R.SLGPDADLFETQVR A (3.9¢-07)

R.IAVVGATER.E (0.00034)
R.VAPVSETEAEDMTK.E (0.00022)
R.GNDPVDIGGITETIQR.L (1e-05)
R.NIQANVPR.T (0.0023)
R.GSGIDYDLR.R (4.3e-05)
R.TVGTGVLSPEVAK.S (0.00035)

H26-pJAM949 (FLAG-HV00202) grown under nitrogen-limitation (GMM+Ala minus NH,Cl in 1.5 M NaCl):

HVO_0202
(7 kDa)

HVO_2682
(8 kDa)
HVO_0736
(16 kDa)
HVO_0558
(29 kDa)

HVO_1289
(14 kDa)
HVO_B0053
(14 kDa)

HVO_0966

SAMP2, B-grasp Ub-
like protein modifier

dodecin-related protein

DUF302, domain of
unknown function
molybdopterin
biosynthesis protein
MoeB; Ub activating E1
enzyme

OsmC-like protein
superfamily

conserved hypothetical
protein with C-terminal
H-X3-H motif protein
eif2ba translation

30 — 40 kDa
45 — 50 kDa
60 — 80 kDa
100 — 125
kDa
10 - 15 kDa
10 - 15 kDa

30 — 40 kDa

30 — 40 kDa

30 — 40 kDa

30 — 40 kDa

3/46%
1/46%
1/46%
2/46%
3/39%
2/21%

11/37%

2/19%

2/121%

7127%

141
69
69

123

126
93

491

171

114

300

R.AVDLSPHEVTVLVDGRPVPEDQSVEVDR.V
R.AVDLSPHEVTVLVDGRPVPEDQSVEVDR.V
R.AVDLSPHEVTVLVDGRPVPEDQSVEVDR.V
R.AVDLSPHEVTVLVDGRPVPEDQSVEVDR.V

—_ e~

K.ELGVELASVETR.E (2.8e-06)
R.SAESFDAAVDDAINR.A (1.1e-07)
R.VVLEMEHEAAIER.V (2.9¢-06)
M.ALPIDPSAIKPEDIGEER.V (0.0003)
R.YLLNDVCR.F (0.054)
K.LLLDEGEALDGR.L (7.7e-08)
R.QVVHCDDDVGTPK.A (8.8e-06)
R.GLNPDVSVEPVEAR.V (3.5e-07)
R.HIIMDEVGPEGQGR.L (3e-07)
K.FEGQATTLVPDGPCYR.C (1.5e-06)
K.SNVHEVVAGSDVVVDASDNFPTR.Y (2.9e-09)
K.TGFDDLGK.V (8.2e-06)
K.VQIDADADLDDSDDLER.I (2.1e-12)
R.IDDDDPQAGYLR.G (4.9e-06)
R.LALLNITGTTDEHAK.R (2.3e-06)

R.GAATIADAAAR A (3.9¢-05)

1.3e-07)
1.6e-06)
1.5e-06)
5.3e-07)



(35 kDa)

initiation factor alF-2BI|
translation initiation
factor

K.IGTSGLAVNAR.E (0.00022)
R.YVDAIVTER.G (0.0023)
R.AQADLGQVGANR.L (5e-07)
R.DMSSTTVEGLR.Q (5.8e-06)
R.GTPIMVAAQTLK.L (1.7e-05)
R.DTAEVVDDDTLADLGNPTVK.N (3¢-08)

HVO_1727 TATA-box binding 30 — 40 kDa 3/21% 154 K.VVILLFGSGK.I (2e-05)
(20 kDa) protein E R.TDDAETAVEEIVER.I (3.2e-07)
K.RTDDAETAVEEIVER.I (3.3e-05)
HVO_A0230 MsrA methionine-S- 30 — 40 kDa 2/12% 95 R.QGPDVGTQYR.S (4.8e-06)
(21 kDa) sulfoxide reductase R.SIVLFHDDEQKR.Q (0.016)
HVO_0025 SseA, thiosulfate 45 — 50 kDa 3/13% 90 K.GPFEDIR.A (0.00031)

(32 kDa) sulfurtransferase, K.GLPLVDVR.S (0.2)

Yor251cp homolog R.SPEEFSGEILAPPGLQETAQR.G (9.6e-06)
HVO_0861  SufB/SufD domain 100 - 125 6/15% 251 R.GVLDDEAR.S (0.00079)

(44 kDa) protein, cysteine kDa K. AENTTADLVTR.G (1.3e-06)
desulfurase activator R.SVYEGVQDVGR.D (5.3e-05)
subunit R.SDVETELNGEASETK.I (6.2e-05)

R.ENTLMLSDQSEADASPK.L (1.9e-06)
HVO_0580 N-type ATP 100 — 125 6/16% 139 R.LIESIEAV.- (0.087)
(36 kDa) pyrophosphatase kDa R.DAGEFIPR.A (0.0011)

superfamily, Ncs6p
homolog

R.FADELGADK.L (7.9¢-06)
R.VDLNDCER.C (0.0015)
R.GEIQQLLLK.L (0.0064)
R.IREDNMLPR.D (0.00035)

aMS-identified proteins are reported according to the H. volcanii gene locus tag from the USCS Archaeal Genome Browser
(http://archaea.ucsc.edu/; April 2007 version) and were unique to samples prepared from strain H26 expressing either the FLAG-
tagged B-grasp Ub-like protein SAMP1 (HVO2619, pJAM947) or SAMP2 (HV00202, pJAM949) as indicated compared to vector
alone (pJAM202c). cal kDa, molecular mass estimated from deduced polypeptide based on genome sequence in parenthesis.
®Protein samples were isolated from SDS-PAGE gel slices in the molecular mass range indicated as estimated based on migration of
Precision Plus Kaleidoscope standards (BioRad).

“Proteins were digested with trypsin and/or AspN as indicated.



Supplementary Figure Legends

Supplementary Figure 1. B-grasp and other small proteins expressed as FLAG-fusions in H.
volcanii. a-c) HVO_0383, HVO_2177, HVO_2178, HVO_2619 (SAMP1) and HVO_0202 (SAMP2)
were expressed as N-terminal FLAG-tagged fusions in H. volcanii cells grown in complex medium (CM)
and nitrogen-limiting conditions (— N) at optimal and suboptimal salt concentrations of 2.5 and 1.5 M
NaCl, respectively, as indicated. Cells (0.065 ODggo units) were boiled (20 min) in 3-mercaptoethanol
SDS-loading buffer, separated by SDS-PAGE and analyzed by a-FLAG immunoblot. Molecular mass
standards indicated on left. Equivalent protein loading was confirmed by Coomassie Blue staining.
Strains included: H. volcanii H26-pJAM939 (FLAG-HVO_0383), H26-pJAM941 (FLAG-HVO_2177),
H26-pJAM943 (FLAG-HVO_2178), H26-pJAM947 (FLAG-SAMP1), H26-pJAM949 (FLAG-SAMP2) and
H26-pJAM202c (vector alone). Cells were grown to stationary phase at 42 °C and 200 rpm. All details
on experimental procedures and strains are available in ‘Supplementary Materials and Methods’ and
‘Supplementary Tables 1 and 2’. In contrast to SAMP1 (HVO_2619) and SAMP2 (HVO_0202),
HVO_2177, HVO_2178 and HVO_0383 were not detected as protein conjugates under the

experimental conditions examined.

Supplementary Figure 2. MS/MS spectra providing additional support for SAMP2-protein
conjugate sites. Gly-Gly, corresponds to the C-terminal diglycine motif of SAMP2 (G65 and G66).

See legend to figure 6 for additional details.

Supplementary Figure 3. Phylogenetic distribution of SAMP1 and SAMP2. Sequences used to
construct the alignment were obtained by performing a protein BLAST search of microbial genomes
within GenBank on the NCBI website. Protein sequences were N- and C-terminally trimmed and

aligned using ClustalW. Pairwise comparisons were performed between sequences and mean genetic



distance was evaluated using p-distance (gaps were analyzed using pairwise deletion). The best
neighborhood-joining trees for H. volcanii (a) SAMP1 or HVO_2619 and (b) SAMP2 or HVO_0202 were
constructed using MEGA 4.0. Bootstrap support values are indicated at the internal nodes and were
obtained by performing 1,000 replicates. Organism and gene locus tag numbers for accessing

sequences through the NCBI database are indicated.

Supplementary Figure 4. SAMP1 and SAMP2 are related to B-grasp proteins from diverse
archaea and thermophilic bacteria. Full length protein sequences described in Fig. 3 were aligned
with ClustalW. Gene locus tag numbers indicated on left; residue numbers indicated on right and left;

identical residues shaded in black; similar residues shaded in grey.

Supplementary Figure 5. Conservation of gene order among the archaeal SAMP and Uba4p-
related operons. HYO_0558 and HVO_0559 are related to Uba4p N-terminal E1-like domain and C-
terminal RHD, respectively. SAMP1, SAMP2 and HVO_0558 genes are represented as black arrows.
Genes that are linked to SAMP1, SAMP2 or HYO_0558 in H. volcanii and other diverse haloarchaea
(e.g., Halorubrum lacusprofundi, Haloarcula marismortui, Halobacterium salinarum, Natronomonas
pharaonis) represented as arrows shaded with grey diagonal lines. Genes not conserved in order
among other haloarchaea are represented as white arrows. Abbreviations: TrkA-N, NAD*-binding
domain of K" channels, phosphoesterases and other transporters; TrkA-C, domain often linked with
TrkA-N; TMH, transmembrane helices predicted; AAA or triple-A ATPase, ATPases associated with a
variety of cellular activities; GNAT, Gcn5b-related N-acetyltransferase domain; P1 to P3 with
arrowheads, represent promoters based on the archaeal transcription factor B recognition element
(BRE) and TATA-box core consensus sequences (CRnaAn:tTTTAWALr; BRE:TATA, where R=A or G,
7-11. %

N = any nucleotide, W = A or T and lower case letters represent less conserved bases) " ; *, indicates

low similarity to archaeal consensus promoter.
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Suppl. Figure 2b. HVO 1572 GyrB, DNA gyrase B subunit
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Suppl. Figure 2c. HVO 2328 isochorismatase
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Suppl. Figure 2d.
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Suppl. Figure 2e. HVO_0980 NdhG NADH-quinone oxidoreductase chain c/d
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Suppl. Figure 2g. HVO 0025 SseA/TssA thiosulfate sulfurtransferase
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Suppl. Figure 3a.
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Suppl. Figure 3b.
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Haloferax volcanii protein sequences described in this paper are listed below [see
UCSC Archaeal Genome Browser (http://archaea.ucsc.edu/) or HaloLex
(http://www.halolex.mpg.de/public/) for full genome sequence].

>HVO_2619-TG_gha 455 molybdopterin converting factor subunit 1
MEWKLFADLAEVAGSRTVRVDVDGDATVGDALDALVGAHPALESRVFGDDGELYDH INVLRNGEAAALGEA
TAAGDELALFPPVSGG*

>HVO_0202-TG_gha_ 455 conserved hypothetical protein
MNVTVEVVGEETSEVAVDDDGTYADLVRAVDLSPHEVTVLVDGRPVPEDQSVEVDRVKVLRL IKGG*

>HVO_0558-TG_gha 455 moeB molybdopterin biosynthesis protein MoeB
MTLSLDATQLDRYSRHI1 IMDEVGPEGQGRLLSSRVVVVGAGGLGAPAIQYLAAVGVGELV
VVDDDVVERSNLQRQVVHCDDDVGTPKAESAAAFVRGLNPDVSVEPVEARVDKSNVHEVV
AGSDVVVDASDNFPTRYLLNDVCRFEGIPLVHGAIYKFEGQATTLVPDGPCYRCLFPEAP
EPGTVPDCATTGVLGVLPGTVGCIQATEAMKLLLDEGEALDGRLLFYDAMDMTFETVPYR
TNPDCPVCGEGGVDSIEDIDYVESCAISLD*

>HVO_1864-TG_gha_ 455 moaE molybdenum cofactor biosynthesis protein
MHVLGIVGAGATTLCDRLAAQLDGRVATVESLPESATEPESTDGVAAAYGLSPDGNWVGS
GDDRDLDGLLDDLSAEYDYALLSGFPDARVPTVALAGVDAANVVAEAETADAADVASLAA
E1DSHEPHVTLETLVERAKADPLEVYAGAIATFTGRVRAKESEDDDPTLSLEFEKYDGVA
ESKMDA I SEELEARDGVLRVLMHHRVGVVEDGAD I VFVVVLAGHRREAFRTVEDG IDRLK
DEVPIFKKETTTDEEFWVHDR™*

>HVO_2305-TG_gha_ 455 moeA molybdopterin biosynthesis protein moeA
MRKQFRDLASPEDAREAIASLDLTPDAETVALDDARGRVLAER IDAELDVPGFDRASMDG
YAVRARDTFGADEADPVELDLAGAVHAGNEPDVAVDPGTAVE I STGAVMPPGADAVV IVE
RTEERDGSLVVYSSVAPGDSVMPAGTDTAAGARALGPGTRLTPREIGLLSALGVDEVPVR
GKPTVGIVSTGDELVRPGDELRPEAGE I YDVNSYT IAAGVEEAGGVPKLYPHAGDDYEEM
ERLLRRAADECDLVLSSGSTSASAVDVI1YRVVEERGELLLHGVSVKPGKPMLVGTLGEGS
AY IGLPGYPVSALTIFRTFVAPAVRDAAGLPEPRTATVEGTMAARERYAEGRTRLMPVGL
VADGDGETLVYPVDKGSGATTSLVEADGVVEVSADVEYLAEGESVTVHLFSPDVRAPALL
GVGEDDPALSRVLDRVSSPRYLPFGSREGLRRLRDG I SDVAVVAGDRGDAIDDIDAVELG
SWTREWGLVVPAGNPDGVSGLADLVDDDLRFINRDSNSGLRTDLGNAVAALADERGTTRH
ELVESIEGFDRGTKAFESPARAVAAGRADAGLGLRATADSLGLDFVSLGTQPVAVLANPA
RI1EKPGVDSLRDALAASDDAFADLSGFERGQTPR*

>HVO_0025-TG_gha_455 tssA thiosulfate sulfurtransferase
MSNSDYAKDVLVSADWVESHLDEFQSDDPAYRLVEVDVDTEAYDESHAPGAIGFNWESQL
QDQTTRDVLTKEDFEDLLGSHG I SEDSTVVLYGDNSNWFAAYTYWQFKYYGHENVHLMNG
GRDYWVDNDYPTTDE IPSFPEQDYSAKGPFED IRAYRDDVEKAVDKGLPLVDVRSPEEFS
GEILAPPGLQETAQRGGHIPGASNISWAATVNDDGTFKSADELRDLYADQGIEGDESTIA
YCRIGERSSIAWFALHELLGYENVTNYDGSWTEWGNLVGAPVEKGN*

>HVO_0861-TG_gha 455 sufB/sufD domain protein
MSAQLPANLSAETVRE I SDARDEPEWLLEARLEALEALDALELPDVIQTPGRRWTNLEAL
DFESLVDPLNQADETTRESPEGVVVLPFTEALSEYGDL IEERFGSVVAPDTNYLTALSAA
LFTTGTFIYVPEGVDAEDVKIRAEMNSRSLFSHTLVVTEESSSVTILEAIESGDSVDDAR
YFSNLVE IDAGENSYVQYGSLQNLDEETYTYSLKRADADTYSTVNWIEGNLGSRLTRSDV
ETELNGEASETKIVGAFFGHDDQHLDVNARVWHKAENTTADLVTRGVLDDEARSVYEGVQ
DVGRDAWSTNSYQRENTLMLSDQSEADASPKL I INNHDTEASHAASVGQVDAEDLFYMVS
RSVPEEQARNMLVEGFFVPVLEEIEVDEFRDDLEEL IAARLR*



>HVO_0580-TG_gha 455 n-type ATP pyrophosphatase superfamily
MECDKCGRDAVMHAAY SGAHLCDDHFCASVEKRVRRR IREDNMLPRDASPENPQTWV IGL
SGGKDSVVLTHILDDTFGRDPRIELVALTIHEGIEGYRDKSVDACVELAEDLD IHHELVT
YEDEFGVQMDDVVEKDPENMAACAYCGVFRRDLLERFADELGADKLLTGHNLDDEAQTAL
MNFFEGDLKQVAKHFDAS I GDFEKRRDAGEF I PRAKPLRDVPEKEVALYAHLKDLPAHIT
ECPHSSEAYRGE IQQLLLKLEENHPGTRHS IMAGYEELAELTAREYRGEGRVDLNDCERC
GSKTAGDVCRKCRLIESIEAV*

>HVO_A0230-TG_gha_452 msrA methionine-S-sulfoxide reductase

MGSTQTATFGGGCFWCVEAAFKELDG I SEVTSGYAGGETENPSYEQVCSGSTGHAEVVQV
DYDPAVVGYDELLDVFFAVHDPTQLNRQGPDVGTQYRS IVLFHDDEQKRQASAY IDALDE
EYDDEVVTELVPLETFYEAEEHHQDYFEKVSTADGNTNDAYCQFNVVPKIEKVREKFADK
VKAEAEPDA*

>HVO_2402-TG_gha 455 Glycine cleavage system P-protein
MTAGNGRRVGSPYAPHTDADEEAMLDAVGVDSAEDLFD IPGEVRFDGEFGVDSADEQELR
NAMADLLSRNEELTEFLGRGHHAHYVPALVDDLSRRSEFLTSYTQYQPEIAQGFLQVLFE
YQSMLVELTGLPVANCSMYDAATALAEAALLANRLRRGASGHRVLVPEHLHEGRLGVLEN
YLDGAEME IGEYPMDDGAVDVETLADLVDDETVMVYAETPTVRGV IEERLAD I SDLAHDN
DALFCIGSDLVALALLEEPASVGADVVVGEAGALGLGTAYGMGLGIFATREEYLRQVPGR
LVGVSEDSADMRAFTLTLQTREQHIRKERATSNICTNQAWVALRTAMHMAWLGPDRLVDL
ATQAVTDARDLAARLDELSGVKAPLYDRHHFREFVVRTDQPAPAITNDLAGRGFAVHALD
DHHLQVCITDANADAADGLVAAFEEVI*

>HVO_2900-TG_gha 455 Fumarate hydratase class 11

MGDDDYR 1 ERDSLGEMEVPVDAYWGAQTQRAVENFP I SG I TFGRRFVRALGVVKKAAAQA
NRDLGMIDEGVAAAIVEAADEV IAGELDDQFPVDVFQTGSGTSSNMNANEV IANRAAE IM
GEG IGDRVVHPNDHVNFGQSSNDV I PTAMHVASLEAVEKDLLPALETLAAALGDKEAEFD
GVVKTGRTHLQDATPVRLGQEFGGYRTQVEKG IRRVENVREHLGELALGGTAVGTGLNTH
PEFPAKAAEYMTEETGVEFREADNHFEAQAAHDAMSEAHGALRTVAGSLNKIANDLRLLA
SGPRNGLGELEQPENQPGSS IMPGK INPVVAEAVNQVHKQVVGNDAAVSAGAAEGQ IDLN
LYKPVLAHNFLESAKLLANSSEVFAERFVAKLEANEEHCETRVEQSMALATALNPAIGYD
KASKVAKKALAEDKSVRQVAVDEGYLTEAEADEVLDPEKMTHRGILGDD*

>HVO_1289-TG_gha 455 OsmC-like protein superfamily
MSDIQTSTVSEDGFACTSQVGDFDLQIDATDETGPNPNAALVATYASCFLPAFRVGGQKT
GFDDLGKVQIDADADLDDSDDLERISFDVYVESDLSDDEFAEI TELAED I CHVHDALRDE
LQADVTVVGDAF*

>HVO_1250-TG_gha 455 thiol-disulfide isomerase/thioredoxin
MVLLESDSELERGDAAPDFELPGTDGETYSLSSFADYDAVLVVFTCNHCPYAKAKFEELN
HLASAYDDLAVVG INPNDAEDRPEDSFERMQELVADGT IGYTAYLRDESQAVAADYGAVC
TPDPFLLENTGDGFELAFHSR I1DDAMSPDDEVSDYEMRTAVEALLAGDD IPVEEYPSQGC
SIKWKDE*

>HVO_2682-TG_gha 455 dodecin-related protein
MVFKKITLVGRSAESFDAAVDDAINRAEETLAGVHWVEVKELGVELASVETREYQAEVEV
AFELEGEDGE*

>HVO_2583-TG_gha 455 hmgA 3-hydroxy-3-methylglutaryl Coenzyme A
reductase
MTDAASLADRVREGDLRLHELEAHADADTAAEARRLLVESQSGASLDAVGNYGFPAEAAE
SAIENMVGS I1QVPMGVAGPVSVDGGSVAGEKYLPLATTEGALLASVNRGCSV INSAGGAT
ARVLKSGMTRAPVFRVADVAEAEALVSWTRDNFAALKEAAEETTNHGELLDVTPYVVGNS
VYLRFRYDTKDAMGMNMAT IATEAVCGVVEAETAASLVALSGNLCSDKKPAAINAVEGRG
RSVTADVRIPREVVEERLHTTPEAVAELNTRKNLVGSAKAASLGFNAHVANVVAAMFLAT



GQDEAQVVEGANAITTAEVQDGDLYVSVSIASLEVGTVGGGTKLPTQSEGLDILGVSGGG
DPAGSNADALAECIAVGSLAGELSLLSALASRHLSSAHAELGR*

>HVO_2328-TG_gha_455 isochorismatase

MTAADLPDDAVLVC IDMQVGFDDPAWGDRNNPEMEARVADLLAAWRAADRPVVHVRHDSA
EPDSPLRSDGEGFAWKPEAEPVDGEPVFTKRVNSGF IGTDLEAWLRERDHSTLVVCGLTT
DHCVSTTTRMAENLGFDVYLPADATATFDREGHDGERFSADEMHRTALAHLNREFATVVE
SADLSATR*

>HVO_1545-TG_gha_ 455 dihydroxyacetone kinase L subunit
MADAETQREAVLDALDNVAERLAEEREYLTDLDSAIGDADHGANMERGFGKAADKREEFV
EMEPNEVVKNVGTTL ISNVGGASGPLYGGS IMFASQELEDG I TAESSVAFAEAYLDKVKD
RGGAQVGAKTMVDALVPAVHTYKKS IEQDDLPPLEALAKAVDAAERGVAFTVP IKAMKGR
ASFLDWRSVGHQDPGATSTLFILEELLETAEEYLDGEVDRDARAEDAVGRGE*

>HVO_1496-TG_gha 455 ptsl phosphoenolpyruvate-protein
phosphotransferase
MTERTLSGIGVTPLSGVGTVVWYRPDADLPEPPAPVDVDAEAELARFEDARAAAEDELEA
ERERTAERVGEEEAAVFDAHVQFLNDPQITDGVSDAIESGLPAEHAVQETFTEFVEQFEN
MGGRMGERADDLRDVRDRLVRVLSDGERVDLSSLPEGSVVVAERLTPSDTAQLDPERVAG
FVTVTGGRTSHAAIFARSLALPAIVGVGEELQSVEDGTEVVVDGESGDLVVDPSDERKEA
AAAAADVD IRHEAVETADGVD I EVAANIGTLADLGPAVDRGADGVGLFRTEFLFLDRESP
PDEDEQYEAYVEALESFDGGRVVVRTLD I GGDKPVPYLDLPDEENPFLGERGIRRSLGPD
ADLFETQVRALLRAAASADGANLSVMLPLVSTVEELRAGRERFESVAADLDAEGVANELP
EFGIMVETPAAAFMADQFAPHVDFFSIGTNDLAQYVMAAERGNERVSELGDYRQPAVLRA
IDATVSAAEGEDCWVGMCGEMAGDPDLTELLVGLGLDELSMSAVTVPQVKAAVAETDTAD
ARDLAERVLQADTKAEVAEILTLDQ*

>HVO_0481-TG_gha_455 gap glyceraldehyde-3-phosphate dehydrogenase type
|

MSEKSYLSAGENVDESDVVRVALNGFGR IGRN 1 FRAVLDNPKVELVA INDVMDFDDMAYL
AKYDSVMGRLDGVERDGDSLSIGGTSVSLYNVQSPAELPWGELDVDVALECTGIFRTKED
ASAHLEAGADKVV 1 SAPPKGDEPVKQIVYGVNHDEYDGED IVSNASCTTNSVTPVAKVLD
EEFGIENGLLTTVHAYTGSQNL IDSPHAKQRRGRAAAEN IVPTTTGAAQAATEILPQLDG
KLDGMAIRVPVPNGSLTELVVRLEDKPSVEE INDAFRAAADSGPLAGVLGYTDDEVTSRD
ILGLPFSSTVDLNTTNQVNDGGLYKILTWYDNEYGFSNRMLDVAHFVTHQ*

>HVO_0887-TG_gha_455 porB 2-oxoglutarate ferredoxin oxidoreductase beta
subunit

MSSNVRFTDFKSDKQPTWCPGCGDFGTMNG IMKALANSGTDPDNTFMVAG IGCSGKIGTY
MHSYAITHGVHGRSLPVAAGVKLANPDLTVVAAGGDGDGYS I GAGHF IHAVRRNVDMAYTV
MDNRIYGLTKGQASPTSREDFETSTTPEGPQQPPVNPLALSLAAGGTFIAQSFATDHKRH
AETVQEAIEHDGFGFVNVFSPCVTFNDVDTYDYFRDNLVDLADTDHDPTDYDAAKEKILD

SSKEYEG1 1 YKDESSVSYEEKFGVDQDMSD I PSGAPDDAMDLVREFY*

>HVO_1000-TG_gha 455 acetyl-CoA synthetase

MGELSELFAPNRIAVVGATEREGAIGRAIMDNL I DEFDGEVVPVNPKYDELFGLQCYGDV
GETDADLAV 1VVPPKVVLPAMKSAGEAG IQNVVV I TAGFGETGSEGAAREQELRDIAEEY
DLNVVGPNSLG IMNTDVGMNATFGPDMALDGNMSFMSQSGAF I TAV IDWANDED IGFKDI
VSLGNKAVLDEADFIETWNDDPDTEV 1 IGYLEGISAGREFIDSARDVTKDTP IVLVKSGK
TDAGAQAASSHTGT IAGSDAAYEAGLEQAGV IRADSVQHLFDTARVLGDQPLPENKDVAV
ITNAGGPGVMTTDAIGESELQMADFTDETLEAFSESLPAEGN 1'YNPVD IVGDADNARFKE
ALDVALADDNVGMALVLTCPTAVLDYNQLAADTVELQEEYDKP IAACFMGGERVDAASDV
MKDAG IPNYFDPSRAVDGLEALSKYAD IRQREYDAPTEFDVDRERARE ILETVKDRDETR
LGVEAMELLDAYGIETPAGD I VDDPADALEVAED IDGNVVMKIVSPD I LHKSD 1GGVKVG
VENEDVYDAYEDL ITRAKNYQPDAN I LGVQVQEMVNLDDGVET I VGMNRDPQFGPLMMFG
LGGIFVEILEDTTFRVAPVSETEAEDMTKE IDAAPMLRGARGNDPVDIGGITETIQRLSQ



LVTDFPAILELD INPLVALPDGVKAVDVRLTVDPDEL*

>HVO_A0379-TG_gha_452 agaF N-methylhydantoinase A

MFRFERSRERIVNIGANL I TDCTKRGIVSQDNTQRVAVDIGGTFVDAITFDRETRDIALE
KAATTPNQPSEGV I ESVNGVDADLESANAFVHGTTLGLNAVLERDGARTG I ITNEGFADV
YEIGRTNLERTAMYD INYEKPES1VPRRRRVGVPGRLDADGAVVEE IDTDAVAEAAEYLV
EKQDVDSIAICFLHAYQNGQHEQAAAECVQDAYPDISVSVSSDISGEYREYERTSTAVLD
GYIKPIFENYVDTLDASLRDGGFDGSFFVTRSGGGTLTAESAKSAPAHT ILSGPAGGLIG
ASHVGRVTDRDNL I TVDMGGTSLDAAVVEDGSPVVKYDSSLEHQPLMIPVYDIRTIGAGG
GSITAWIDGDLLKVGPESAGADPGP ICYDNGGTQPTVTDAALALGFLDPGDFLGGDMDTAA
GDALDG IEEELAEPLGMTVDEASKGVLDVALANTVGAIRE I TVEKGLDPRDFSMVAYGGA
GPMFVPLLARELGASEVLVPQAPSVFSAWGMLMADVVYDFSQTHLAVLDDATLNELKTAF
ADLEAEGRETLTAEGVAENRQR IGRAVEMRYFGQEHTVEVDADGVSSLDELAERFEDQHE
TRYGHTMDDPVQVVHLRVRAVGENDKPELERGTPREDSELTPADTREAYCFAEDDFVEFD
VYRRDDLKPGDE IRGPAVVTEPTTSLVFHSDQTATTDDYGHI 1 ITTDQ*

>HVO_0980-TG_gha 455 ndhG nadh-quinone oxidoreductase chain c/d
MSLEEQQSDDPAELESGVSRGDELAELLGDLVVGREEHLNAPGLV IRPDEVQDALFKLRD
EAGFDHLSCVTAQEYEDRYESIYHLTKFDDRTDEVSVVVPTSKDNPVSQSAEPVFRTADW
HEREAYDLVGIQYEDHPDLRRILLPETWQGHPLGLDYDQDRPQIATLREHANPLEEDHRA
GDSNTMY INIGPHHPATHGVLHVETVVDGEQVVDLESD IGYLHRCEEQMCQQGTYRHQIM
PYPDRWDY I SSGLLNEWAYARAAEDLADIEVPEYAQI IRTMGAELCRIASHMIALGTFAL
DVYGDFTAIFMYAMRDRE 1'VQN I LEDLTGQRMMFNYFRLGGVVWDLPEPREEFFEK IRDF
MDGLPQALEEYHDMITSNE ILQARTVGTGVLSPEVAKSYGATGPVARGSGIDYDLRRDDS
YGYYDELEWDVVVEDGCDNFSRLLVRMREVEESAK I I1QQCVDLLEDWPEDERN IQANVPR
TLKPDEDTEIYRAVEGAKGELG1Y IRADGTDKPARFKIRSPCFSNLQTLPEMSEGEY IPD
MIASLGSLDIVLGEVDR*

>HVO_1727-TG_gha_455 tata-box binding protein e
MSGPADSIEIQNVVASTGIGQELDLEALADDLPGADFNPDNFPGLVYRTQDPKAAALIFR
SGKIVCTGAKS IDDVHDALG I IFDKLRELK1PVDDEPEITVQN IVSSADLGHNLNLNALA
IGLGLEDVEYEPEQFPGLVYRMDEPKVVILLFGSGKIVITGGKRTDDAETAVEEIVERID
ALGLLG*

>HVO_1478-TG_gha 455 tfb transcription initiation factor
MERPSRQRQREEEATAQEDEQVNCPECGSDQ1VTDADQGELVCDDCGLVLDERQIDRGPE
WRAFNHSERQSKSRVGAP ITETMHDRGLTTT I DWKDKDAYGRSLSSEKRSQMHRLRKWQE
RIRTKDAGERNLQFALSE I1DRMASALGVPRSVREVASV I YRRALNEDL IRGRSIEGVATS
ALYAACRQEG IPRSLDEVAEVSRVPQKEIGRTYRY ISQELGLELKPVDPKQFVPRFASAL
DLSEEVQAKATE I IDVSAEQGLLSGKSPTGFAAAATYAASLLCNEKKTQREVADVAQVTE
VT IRNRYQEQIEAMGFR*

>HVO_0359-TG_gha_455 tuf translation elongation factor EF-1 alpha
MSDKPHQNLAI I GHVDHGKSTLVGRLLFETGSVPEHV I EQHREEAEEKGKGGFEFAYVMD
NLAEERERGVTIDIAHQEFDTDEFYFT 1VDCPGHRDFVKNMITGASQADNAVLVVAADDG
VAPQTREHVFLARTLGIGEL 1 1AVNKMDVVDYSEDKYKDVKEQVNKLLKQVRFNSDDATY
VPISAFEGDNIAERSDNTSWYDGD I LLEALNNLPAPQPPTDAPLRLPIQDVYTISGIGTV
PVGRIETGTLNPGDNVSFQPSDVGGEVKTVEMHHEEVDQAGPGDNVGFNVRGVGKDD IRR
GDVCGPADDPPKVAETFKAQVVVMQHPSV ITAGYTPVFHAHTAQVACT IES IDQKLDPAS
GEVAEENPDF IKSGDAAIVTVRPQKPLSIEPSSE IPELGSFAVRDMGQT IAAGKVLEVNE

R*

>HVO_0966-TG_gha_ 455 eif2ba translation initiation factor alF-2Bll
translation initiation factor

MDDRVHPEVRRTATE IDTME IRGAAT I ADAAARALRTQATESDAADAEAFRAELRATART
LHETRPTAVSLPNALRYVLRDMSSTTVEGLRQSVVDSADEFCARLERAQADLGQVGANRL
RDGDT IMTHCHSTDALACVEAAVEQGKH I EAVVKETRPRNQGHI TAKRLHELGVPVTLIV



DSAARRYLNDVDHVLVGADAVAADGSV INKIGTSGLAVNARERGTP IMVAAQTLKLHPGT
MTGHTVDIEMRDTAEVVDDDTLADLGNPTVKNPAFDVTPPRYVDAIVTERGQFPPESIVI
LMRELFGEGTSEPWAEPSPRAEP*

>HVO_1921-TG_gha 455 serS seryl-tRNA synthetase
MIDRQLLRDEPERVRDALAARNMEDVD IDRVLDVYDEWRSLKAEGDDLRHERNEVSQQIG
QLKQEGKDEEAQEAIDRSGELKEELQELETRADELEAELDEALMELPNLPHESVPVGADE
DDNEEVRRVGFDDLRELPDEVTPHYDLGEELD I IDEGRAAKTTGSGFYFLKGEGAMLEHA
LVQFMLDVHREQEYVDLFPPIPVKTTSMEGTGQLPKFAEDAYRIGGAETENYDDDDLWLC
PTAEVPVTNMYRDE I LLKDDLPLKHQAYTPNFRREAGEHGTETRG I VRVHQFNKVELVNF
VEPDESYDRLEALVDEAAEVLDRLGLPYRVLSLCTGDLTFASAKTYDLEVWAPGTESEDA
PEQGGRWLEVSSASNFEDFQARRAGLRYRPERHESAEYLHTLNASGTAVGRVMVALLEYY
QNEDGTVDVPEPLQPYMGGREV I EGHEPVGEAAVGAGKKD*

>HVO_0677-TG_gha 455 aspS aspartyl-tRNA synthetase
MRNRTYTADAEPGDTVTVAGWVHEVRDLGGIAFLILRDTSGK 1 QVKFEKDEMDDDLVETG
LGVHRESVISVTGEVDEEPRAPTGVEVTPESLDVIAEAEAQLPLDPSGKVDAELSTRLDN
RTLDLRKDEVKAIFEIRAEVQRAVRDKFRDLRATE INTPKIVATGTEGGTELFPITYFGQ
EAFMNQSPQLFKQLMVGSGLERVFEVGP IFRAEEHNTPRHLNEATS IDFESAF IDHTEAM
DVCEAVVTAAYEAVEENCQDELEALGLEEEFEAPSGEFPRLTYEEAIERINATGELDEQL
VWGDDLPTEGEKALGEDVGEHYFITDWPSE IKPFY IKDHDDDETLSTGFDMMHPNMELVS
GGQREHRFDHLVAGFEQQGLDPDAFEYYTKMFKYGMPPHAGFGLGGERL IMTMLGLENIR
EAVLFPRDRQRLSP*

>HVO_1572-TG_gha_ 455 gyrB DNA gyrase B subunit

MSQDNEYGAGQ 1QVLEGLEAVRKRPAMY IGSTDSRGLHHLVYEVVDNS IDEALAGHCDALI
EVALHEDGSVSVTDNGRG I PVDTHEQYDRPALEV IMTVLHAGGKFDNKSYQVSGGLHGVG
VSVVNALSSELEVEVKRDGAVWTHRFEVGEPQVEEFERVRDLEPGEDTGTT IRFWPDDGI
FETTEFDFKTLENRLRELAFLNSGVE I SLSDERTDESSTFLFEGGIREFVEYLNETKTAL
HDDV1YYDDESEGIEVEI1AMQATDELQGS IHAFANN INTREGGTHLTGFKTALTRVVNDY
ANTHDMLDDLDGDNLRGEDVREGLTAV IS1KHPDPQFEGQTKTKLGNSEVRGIVESVTHQ
QLGTFFEENPDTATAI I SKAVEAARARKAAKQAEEL TRRKSALESTSLPGKLADCQSRDP
AESELFIVEGDSAGGSAKQGRDRKFQAILPLKGKILNVEKHRLDRILENDEIRALITAIG
GGVGDEFDIEKARYQRLILMTDADVDGAHIRTLLLTLLYRHMRPLIEAGYVYAAQPPLYR
VRYRGNTYDAMDEAERDR I IEEECNGNPTQVQRFKGLGEMNPDQLWDTTMNPENRVLKRI
TVEDAAAADRMFN I LMGDAVGPRKQF I KDHANDAEWVD 1 *

>HVO_1344-TG_gha_455 conserved hypothetical protein TIGR00291
MISLDEAVTARLESHGARFEVL IDPDAALS IKRGEFDGDLEEV I AAEDVFEDASRGDRPA
ENDLEKVFGTTDPLQI IPEVVKKGE 1Q1 TAEQRREMQEQKRKSL INR IARNAVNPQMNDS
PHPPER I ERALEEAGFK1DPMEPVESQVDDALDALRPVLP IKFAEVTVAVQLPAEYAGSG
QAQIRSYGDLEREEWQNDGSWVGV I TFPAGMONDFYDKVNNITSGTAETR I VKDEDEL*

>HVO_1577-TG_gha 455 imd inosine-5""-monophosphate dehydrogenase
MSSIELTSSQKTILTALINLYRDSEDAVKGED IAAEVNRNPGT IRNQMQSLKALQLVEGV
PGPKGGYKPTANAYEALDVDKMDEPAFVPLFHNDEEVEGVNVDE I DLSSVHHPELCRAEI
HVQGSVREFHEGDK IRVGPTPLSKLV IDGTLDGKDDTSNILILRIDDMQAPVGEPQH*

>HVO_0736-TG_gha 455 Domain of unknown function DUF302 superfamily
MALP IDPSAIKPED IGEERVVLEMEHEAA IERVREAFTDAGFGVATEFSPSEMLNEKVDA
GRDPYYVLGACNPNMADRALDATDKKMGGLFPCNVV IWEEEPGKQVVYHLS IMRVARLIG
1APDDDEMAD I IADTGELVEQALANLDAADA*

>HVO_BO0053-TG_gha_453 hypothetical protein (TBD)
MACAELEALRLALLNITGTTDEHAKRHAEAELEDYLGDADPGP IQALANATTLDEAQRHL
DAALVDLESEATR IDDDDPQAGYLRGRLVAVRDAERSLRRLREGTDALLDDLGEAHHTLH
DAFPVED*



