Supplemental Figure Legends

Supplemental Table 1. Peptide identifications for Accurate Mass Tag and Retention Time
(AMT) quantitation by mass spectrometry. Proteins identified from our previous proteomics
study on quiescent M. luteus(1) were used for targeted proteomics analysis by AMT focusing on
isocitrate dehydrogenase, isocitrate lyase, malate synthase, and UspA616 (target for knock
out). The sequence for each specific peptide (Sequence) for each protein was identified based
on parent mass (M/Z (+2))and fragment mass spectra (Spectra given below)and retention times
under our chromatographic conditions were tabulated. The average AMT area for Log-phase
peak areas (Average Log) and Quiescent-phase (Average Quiescent) were compared and the
ratio of Quiescent/Log (Q/Log) was calculated to represent significant changes in protein
guantities in these two states. Subsequent mass spectrometry experiments utilized only LC and
accurate mass measurements based on human Glu-Fibrinopeptide as an internal standard (*)
for both internal mass and retention time calibrations. GroEL (**) was used to confirm protein
loading and loss of Hypothetical Protein 359 (***) supported UspA616/UspA712 ratio
measurements confirming quiescence. Malate synthase (****) was not resolved in short-gradient

(45-minute) LC-MS experiments and required 75-minute gradient experiments for AMT.

Supplemental Figure 1la and 1b. Structure comparison of multiple dual domain Usps. Side
and top view of dual domain universal stress proteins from Escherichia coli (Blue, 5CB0),
Proteus mirabilis (Green, 4WY2), Mycobacterium tuberculosis (Orange, 3CIS), and Thermus
thermophilus (Magenta, 3AB7). The internal core structures are essentially identical across
these diverse bacterial Usps. Differences observed in the distal helices (right and left side of
figures) are due to orientation of the two domains relative to each other in these different
structures. Comparison overlays were generated in Chimera (Version 1.12, Build 41623) using
the MatchMaker tool. Alignment algorithm was Needleman-Wunsch using BLOSUM-62 matrix

and iterative pruning of long atom pairs set to 2.0 angstroms. 3CIS was the reference structure.



Supplemental Figure 2. Multiple sequence alignment using Clustal Omega. Sequences for
homologs of UspA616 from Escherichia coli (UspE/1-316), Proteus mirabilis (PMI_RS05800/1-
316), Thermus thermophilus (TTHA0350/1-268), Micrococcus luteus(UspA616/1-324),
Pseudomonas aeruginosa (PA4352/1-286), Mycobacterium tuberculosis (Rv2623/1-297), and
Mycobacterium smegmatis (MSMEG_3940/1-293) were aligned using Clustal Omega

(https://www.ebi.ac.uk/Tools/msa/) set to default parameters.(2) (a) Aspartic acid (D) in the

metal binding site is rigorously conserved with a nearby serine (S) retained in most sequences (
Alignment Positions 7-14). A second metal binding site aspartic acid (D) is conserved in M.
luteus, P. aeruginosa, M. tuberculosis, and M. smegmatis (lower 4 sequences at Alignment
Position 161).The first nucleotide binding motif (GXXG(X)sG(S/T)) (Box centered on Alighment
Position 120) and second nucleotide binding motif (Box centered on Alignment Position 270-
280) are essentially identical for M. luteus, P. aeruginosa, M. tuberculosis, and M. smegmatis
with S replaced by N at position 283 in E. coli and P. mirabilis. However, in this nucleotide
binding motif, G2s9 and Gzs, are invariant and presumed to be critical for biological function.
Important local structural sidechains rigorously maintained include alanines (A) at Positions 20,
24, 197, a proline-valine motif (PV, Positions 141-142, and glycines (G) at Positions 269 and
282. These invariant residues are likely important for biological function across all compared
Usps. (b) The phylogenetic tree based on alignment of these sequences (Clustal Omega using
BLOSUMG62 matrix scores) indicates clusters of similarity between M. tuberculosis, M.
smegmatis, and M. luteus. E. coli and P. mirabilis form their own related cluster. P. aeruginosa
appears to be more distantly related to Mycobacteria and T. thermophilus appears to be

primordial in origin.

Supplemental Figure 3. Confirming knockout of uspA616 gene in M. luteus at the genetic

and protein level (4AuspA616::kan M. luteus). The uspA616 gene was inactivated by insertion


https://www.ebi.ac.uk/Tools/msa/

of a kanamycin resistance cassette. (Top Left) Insertion of the kanamycin cassette into the
coding sequence of uspA616 was checked by PCR. The wild-type control identified the smaller
uspA616 coding sequence without insertion (WT uspA616, 1323bp). The positive control
identified the higher molecular weight construct with kanamycin insertion (Pos. Control,
2587bp). The knockout M. luteus bacterial strain confirmed only the higher molecular weight
construct corresponding to the kanamycin insertion (KO Colony). (Top Right) Targeted mass
spectrometry confirmed inactivation of the uspA616 gene resulted in loss of UspA616 protein.
The Extracted lon Chromatogram (EIC) for a UspA616-specific peptide (EGVQALLEEVAGK,
MH(+2) = 671.8643 amu Monoisotopic Mass) demonstrates this protein was present in the wild-
type M. luteus, but was below detection limits in the AuspA616 M. luteus strain. (Bottom)
Insertion of the Kan resistance cassette into the middle of the uspA616 gene is evidenced by
identification of uspA616 sequences both 5’ and 3’ of the Kan sequence. Whole genome
sequencing identified the Kan sequence inserted into the uspA616 gene (uspA616(197,765-

197,622) at the 5’ end and uspA616(197,591) sequence at the 3’ end).

Supplemental Figure 4. High correlation between Accurate Mass tag and Time (AMT)
peak area(3) and Normalized Spectral Abundance Factor (NSAF) quantitation for
starvation-regulated proteins. (a) Quantitation data for UspA616, related UspA712, isocitrate
lyase, and isocitrate dehydrogenase from AMT data (Supplemental Table 1) and previous NSAF
data(1) was compared. Correlation between these different quantitative approaches was
excellent, with the obvious limitation of absolute quantitative information as exemplified by
UspA616. Because NSAF is a relative quantitative method, the global loss of proteins observed
in M. luteus quiescence would be reflected as an increase in total abundance for UspA616
(abundance of UspA616 compared to abundance of all other proteins). The AMT data shows

UspA616 is retained at constant levels in quiescence when most other proteins exhibit



degradation (for example uspA712). (b) The ratio of UspA616 versus UspA712 accurately
identified the M. luteus quiescent state by AMT and NSAF quantitative measurements. Initial
attempts to define quiescence by molecular signature of UspA616 alone were qualitatively
successful, but quantitation was limited because of biological variability between samples. We
used UspA712 (decreasing in quiescence) combined with UspA616 (retained in quiescence) as
an internal control to normalize this variability, providing a successful quantitative signature for
guiescence in both NSAF (P=0.0020) and AMT Peak Area (P=0.0031) measurements. All error

bars reported are Standard Error of Mean (SEM).

Supplemental Spectra. MS/MS Fragmentation Maps for Peptides Identified in
Supplemental Table 1. Peptides in Supplemental Table 1 were identified and confirmed by
accurate mass tag/retention time (AMT) and confirmed by fragmentation maps. Each peptide is
reported by protein, peptide sequence, accurate mass and charge state, and y-ion (red vertical
bar) or b-ion (blue vertical bar) fragments. The y- and b-ions are also labeled on the MS/MS

fragmentation spectrum in red for y-ion and blue for b-ion.
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Supplemental Figure 1B
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ATGGTCAGACTAAACTGGCTGACGGAATTTATGCCTCTTCCGACCATCAAGCATTTTATCCGTACTCCTGATGA
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GACCTCAGCGCCCCCCCCCCCCTGCAGGTCGACGGATCCACGCGGCGCCGGCGTCGAGACGCLTCG



Ratio (Quiescent/Loq)

Ratio (Quiescent/Log)

Supplemental Figure 4A

12.00 -

6.56
10.00 -

8.00 -

6.00

4.00 -

1.19
2.00 -

0.00 -

Universal Stress Universal Stress
Protein A 616 protein A 712

Supplemental Figure 4B

50 P = 0.0020

45 -
40 -
35
30
25 |
20 |
15 -

10 -

*okk m Peak Area Ratio
(Quiescent/Log)
>10.00 >10.00 mNSAF Ratio
(Quiescent/Log)
0.67 9'62 g

Isocitrate Lyase Isocitrate
Dehydrogenase

m616/712 (Log)

m616/712 (Quiescent)

P =0.0031

NSAF Mean

Peak Area Mean



Supplemental Spectra

y15
E

VFHE’DHYE‘N n:;AQLAK

b3 b6

GroEL

snmmm View - 20181108_L1F3R1_MS2_P1-C-2 01 2034.d

968.4539 (+2)

Intens.
3581595
5000
b3
4000
3000
b5
b6
. ba y6
872010 o 7153015
y8 979.9441
8324470
1000
669.3166 891.3728
790.4046
‘
vo 400 600 800 1000
oEl & HAto V ProfleMS ilneMS [JFragmentMS [ 1UV

y12 i

FOpPLEMsan

GroEL

yll

+M52(368.9412), 39.2573-63.7331eV, 28.3min #1683

1221.5974
y12
1336.6240
y13
14856686
y10 yl4
11245u5 15787548 y15
16236233 17087885 17p97562
1200 1400 1600 1800 m/z

693.8648 (+2)

Spectrum View - 20181108_L1F3R1_MS2_P1-C-2_01.2034.d

Intens. +MS2(634.3200). 32 66235307636V, 26.7min #1587
717.3951 10165453
3302085 yS y6 y7 9454983 le
5032991 602.3644
y9
1500 y8 yll
8304756 1144 6085
3441533
563.7975
1000 526.2131
500 11045693 y12
315.1278 991.4534
6508582 12745969
904 4508
767.8814 10756141
UR I \i\ B N & b AL 411 YR Y | {\ I
I R eY | " W] L1 AL L 1 1
: | ! 1" J |
700 800 900 1000 1100 1200 1300 m/z

30 400 500
oz & [JAto Vi ProfieMS ilneMS []Fragment MS




y16 v9
Isocitrate Dehydrogenase AQVHQPHFAAITGTLLIEGK 1000.5491 (+2)
b3 b7

[Spectrum View - 20181108_D1F3R1_MS2_P1-C-4.01_2036.d

Intens.

1200

04

200 400
@8 @ [HAto [/PofleMS ilneMS []Fagment MS

+MS2(1001.0593), 40.0079-65.0128eV, 33.6min #1998

1011.5647

b3

2991768

b4
4142108 b7 y12

b6 e e 11886273
b5 v9 yl6
9315452 y 13 y 15

‘ 1098.0881 1517.8411

5983187 1588.8297

uv

1666 6519 1802 0024

y13 v8
Isocitrate Dehydrogenase DYNHDH:H}ELGTSAK 948.9831 (+2)
b3 b5
Spectrum View - 20181108_L1F1IR1_MS2_P1-C-1_01_2033.d B
Intens +MS2(948 9664). 38.7854-63.0263V. 36.0min H2142
10286007
v10
12501
1000+
750 Y 11
b3 1175.6682
393.1527 b5 y8
500- 818.4759
609.1970
4941986
vy9
y1l3
1404.7419
16983717

w4

1888.5091 2577.3482

dL

2000 2500




Isocitrate Lyase

853.9076 (+2)

Intens.

3000

[Spectrum View - 20181108_D1F4R1_MS2_P1-C-5.01 2037.d

b5

4881936

b4

417.1697

3161125
3591523

400
oz § [JAto V|ProfieMS ilineMS [JFragment MS

Isocitrate Lyase

|Spectrum View - 20181108 D1F4R1_MS2_P1-C-5.01 2037.d

Intens.

4000

o8 8 At

b6

559.2315

6422688

+MS52(854.4180). 36.5051-59.3208eV, 25 9min #1538

934 4437

y8

821.3695

y7

y6

7203211
y9
1047 5367 ylo
11485842
7553655
yll yi12
12136282 1291 6570
10145519
| i f
1000 A Eia 1200 S SRR

755.4354 (+2)

b4

3.2

b5

470.2502

400

b6

541.2763

MS  []Fragment MS

b7

6563321

6223173

y10

y9
y8
yll

11406772

893 4408 y12

1255.7163

1326.7546

1181.5355

1420.6927

1431.7613

1400

1491.7569

m/z

+MS2(755.9279), 34.1408-55.4783eV, 29.3min #1742

m/z

>




Isocitrate Lyase

Spectrum View - 20181108_D1F4R1_MS2_P1-C-5_.01_2037.d

GEFjjﬁL‘LHWNQWFJQVK

b16

1023.5344 (+2)

Intens.

3000
2500
2000
v4
1500 5022937

417.1789

N

456.18%

400
o8 9 MAat

Universal Stress Protein 616

[Spectrum View = 20181108 DIF3R1_MS2_P1-C-4.01.2036.4

- ba| y5 “f” Y6 m/

1024.0326
*

yl

b7
y9

8715130

b9
861.4137 y8

9145282

y10

0

10725731

2

yll 12566926

11856692

EGVHAHL‘E E[VAGK

+MS52(1024,0326), 40.1326-65.313eV, 30.3min #1802

y13

13137164

yl4

1426.8026
b16
1544.8272
1577.20801.8252
1400 ; : 1600 m/z

671.8643 (+2)

Intens.

va

600 3742413

400 467.2360

a3zan

300 400 500
oz8 @ [FAto [/|Profle MS |lne MS []Fragment MS uw

520,7907 556.3096

6323287

y6

y7

598.3213

6709770 8134155

7856933

I

y8

858 4948

867 4827

y9

930.5533

WM52(672 3292), 32133152 21636V, 32 5min #1332 |

1212018

11165939

&




Hypothetical Protein 359

y12 y3

fakinianie

819.4138 (+2)

[Spectrum View - 20181108 L1F3R1_MS2_P1-C-2_01_2034.d
Intens

2000
1500
y3
1000 3321265
y4 y5
D18.0% 631.3472
500
2921216
667.8339
1
R g
0

400 600
©z8 & [JAto - Profie MS /Line MS []Fragment MS w

y7

8724759

y6

744071

1035,

+MS52(813.4384), 35 6656-57.9567eV. 34.7min #2063

5526

y8

y9

11346230
y10
12056441
yll y12
1335.7053 1465.7172
10855617 1256.6500
1404174 15512516
L I ‘
1200 1400

m/z

%]




