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Characterization of the ribosomal protein biomarkers of
Actinobacteria via genomics and MALDI-TOF MS techniques

SUN Wei*, LUO Qian, ZHANG Wei, LV Jiyang, ZHU Xinde, XU Jie, ZHANG Fengli
School of Life Sciences and Biotechnology, Shanghai Jiao Tong University, Shanghai 200240, China

Abstract: [Objective] Matrix-assisted laser desorption/ionization-time of flight mass spectrometry
(MALDI-TOF MS) technique provides mass spectral fingerprints of characteristic proteins for
microbial identification. This study aims to characterize the ribosomal protein biomarkers from
and MALDI-TOF MS [Methods]

representatives were chosen from MALDI-TOF MS spectral library. By searching against genome

Actinobacteria via genomics techniques. Actinobacteria
database, we acquired the ribosomal protein sequences from the target or reference strains of target
species and calculated the theoretical molecular masses. The mass peaks in the MALDI-TOF mass
spectra of target strains were annotated with the calculated molecular masses of ribosomal proteins.
[Results] Mass peaks annotated in the spectra of 142 strains of 114 species, 53 genera, 24 families from
8 orders were assigned to 31 ribosomal proteins. The number of annotated ribosomal proteins varied
significantly among strains. The number of mass peak annotations also varied considerably among
different subunit proteins. A total of 15 ribosomal proteins were annotated in over half of the spectra,
and the ribosomal protein with the most mass peak annotations was L36. [Conclusion] This study
identified 15 common ribosomal protein mass peaks in MALDI-TOF mass spectra of Actinobacteria.
The results can support the establishment of a method for the identification of Actinobacteria by

matching characteristic mass peaks of ribosomal protein biomarkers in MALDI-TOF mass spectra.

Keywords: MALDI-TOF MS; Actinobacteria; ribosomal protein; biomarker; annotation of mass peaks
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Table 1 The number of ribosomal protein (RP) mass peaks annotated in the MALDI-TOF mass spectra of
various Actinobacteria chosen from MALDI Biotyper Database
Average
. Number of Number of Number of numbegr of
Order Family Genus . . annotated
species strains annotated
RPs
RPs
Actinomycetales Actinomycetaceae Actinobaculum 2 2 38 19
Actinomyces 3 8 96 12
Arcanobacterium 2 2 27 14
Varibaculum 1 1 3 3
Mobiluncus 1 1 16 16
Streptomycetales Streptomycetaceae Streptomyces 7 7 92 13
Kitasatospora 1 1 19 19
Streptosporangiales  Nocardiopsaceae Nocardiopsis 1 1 8 8
Micromonosporales ~ Micromonosporaceae Micromonospora 5 7 95 14
Pseudonocardiales ~ Pseudonocardiaceae Pseudonocardia 1 1 15 15
Amycolatopsis 5 5 75 15
Saccharopolyspora 2 2 31 16
Lentzea 1 1 13 13
Mpycobacteriales Corynebacteriaceae Corynebacterium 5 5 74 15
Dietziaceae Dietzia 3 3 15 5
Mycobacteriaceae Mpycobacterium 4 4 36 9
Nocardiaceae Nocardia 3 4 61 15
Rhodococcus 3 4 54 14
Gordoniaceae Gordonia 3 6 70 12
Tsukamurellaceae Tsukamurella 1 5 35 7
Micrococcales Micrococcaceae Micrococcus 3 7 93 13
Arthrobacter 3 3 47 16
Kocuria 3 5 74 15
Rothia 3 3 50 17
Microbacteriaceae Microbacterium 3 4 54 14
Agrococcus 3 3 48 16
Agromyces 3 3 36 12
Curtobacterium 2 2 24 12
Leifsonia 1 1 17 17
Clavibacter 1 1 14 14
Pseudoclavibacter 1 1 11 11
Leucobacter 2 2 31 16
Rathayibacter 1 1 13 13
Brevibacteriaceae Brevibacterium 3 4 53 13
Cellulomonadaceae Cellulomonas 3 3 44 15
Dermabacteraceae Brachybacterium 3 4 36 9
Dermabacter 1 2 27 14
Dermacoccaceae Dermacoccus 1 1 12 12
Kytococcaceae Kytococcus 2 2 24 12
Dermatophilaceae Dermatophilus 1 1 9 9
Arsenicicoccus 1 1 18 18
Intrasporangiaceae Janibacter 1 1 12 12
Terrabacter 1 1 10 10
Jonesiaceae Jonesia 1 2 14 7
Promicromonosporaceae  Cellulosimicrobium 1 1 14 14
Oerskovia 1 1 14 14
Propionibacteriales  Propionibacteriaceae Luteococcus 1 1 17 17
Propionibacterium 3 3 31 10
Propioniferax 1 2 17 9
Propionimicrobium 1 1 12 12
Tessaracoccus 1 1 16 16
Nocardioidaceae Aeromicrobium 2 2 13 7
Nocardioides 2 2 12 6
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Sefb(n L33, SIS ZMEfkn S18)&iE!,
FEER RGN 14 5( 42 Da, Ui iRt
T X BB I 1 1) 4 B Ak

% [&%] MALDI-TOF MS i i R
B SRS B, R R B TR T m/z B IR OR B
WRZEE 500 ppm!™, EF R, & YR
KRR EIRE, (HAHES£800 ppm, itk
A miz TERER AR O B S e (E
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EK T (Kineococcus rhizosphaerae) D24 (16S rRNA
S:H 741 GenBank 1 J1H5: OL519199, 5=t
itk K. rhizosphaerae DSM 197117 (1 FE 4 A

FEM 99.28%) . VLPUIE K IR (Lentzea jiangxiensis)
3-5 (OL519200, SBIX Ak L. jiangxiensis
CGMCC 4.6609" HYJFFIAMIE N 99.63%)FI X
ik 1 K B (Rhodococcus —aetherivorans) 4-12
(OL519201, 58 FE¥E R aetherivorans DSM
447527 17 SIARTLEE A 99.93%).
1.7 EHRERRER

I AR CR B BT, —
FEFRIA )RS B 20 ul 70% H R /K R
1 1.5 mL Eppendorf &', FB WA AT,
WHEFE MRS . A 20 uL 2, FABRIG A
AT, 13 000 r/min 5.0 2 min, # 1 pL 4
PEHY) IS BRI AR b, ST K 1 L
o T -4 PR A R (HLC C A ) 356 J s YRR i o 7
FEAS, =T
1.8 MALDI-TOF MS iz

LI B OGCARBT B 40P /AT R BT R
Z % (MALDI TOF, ultraflextreme)l [ 7 [ i £ 77
ol fHFHPER AT flexControl 3.4 RAEFTIEE],
IR SR RAET L (m/z)2 4 000—12 000;
BOGAEEC 10005 DEARAN BB A,
{5 FH A3 k42 flex Analysis 3.4 2P E FpR
1.9 MAEKRMZBEERERREE

FERTSCHTR e NCBI 3[R 41 Hicdis 22 i
3 NBHHEMEK. rhizosphaerae DSM 197117, L.
Jjiangxiensis CGMCC 4.6609" F1 R. aetherivorans
PSBBO11)# 15 Al HAMZIEAE F1BI(L36. L35,
L34, L33, L32, L31, L30, L29, L28, L27. S20,
S19. S18. S15 Fl S14)FHH 1A B i e
{8, T8 3 ANEA Bk MALDI-TOF MS #5443
HAZBE AR (S S I B R 5 S 8 .

2 BERXR504

2.1 MALDI-TOF MS 15 & Bl E4E o 47
MALDI Biotyper %{ ¥ & 1 & ¥k #9
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MALDI-TOF MS f5 4 BG4 s LAy 2P A 2
B, — AL 70 B8 80 MEMIE ., ARG L mz
PR OB MIUBUERSEER 2). X 142 DE
() S T 04 371 e A0 & B m/z YL FBIZE 3 00014 000,
L 10 000 LA R AESEZ, 10 000 LA Lg% H
/b, aTRE SRR A i B9 R Y HCCA
A i DL Ak 3, [HORZ — XY
HLAF A TE , JUHR & F B 0T, ARl A
P ER 77 R i U
22 ZERERRERERFIISH

M NCBI Sk 5] 41 55048 P2 il 2 14 49 7 il i)
FERE AR RS] 54 FRBHAE M
REY, fudE 508 BMHA KL E T 34 FP
(L1-L7. L9-L25 il L27-L36)LL & 30S #ZphfAk

JNE IR [ 5T 20 Fh(S1-S20), Horb— e gphfAk
EEA LR, I L31 Ml S14, Bj & A L31
M L31-B PiAP2ERY, J5& A S14-Z F1 S14 P Fp
KA, REFR AT NILIER A F W L31,
L31-B. S14-Z il S14, 1 5 MREEFFHEL ., 1l
IR AL . ERE AL . ROFF R AL AR R
B EARE R L31-B Fl S14. BeAh, HRHmY
WA EARA 2 NMHEZANFH, W
L36. L33, L32, L31, L28 fl S18 %%, X Filk
e [ o B G = K e = S 1|
Bk LK Z2 BB AR B L LA A N-sii e 4
T AR VIBR RN, HA 5, W L36 1)
N-iip 25 A2 SRR H R M 2 R, N-sipi 4f P
i 2 R AN DI BR .

<2 MALDI Biotyper ¥ P E#k FRiL 1§ 5 R(ABREMEKE M. luteus DSM 1790 73 151)
Table 2 The peak lists obtained from the mass spectra of the strains in the MALDI Biotyper Database (using

M. luteus DSM 1790 as an example)

m/z Intensity/% Weight/% Frequency/% In peak lists
5923.33 61.41 100.00 100.0 24
5964.91 6.67 100.00 100.0 24
6061.45 27.05 100.00 100.0 24
6114.05 18.33 100.00 100.0 24
6193.93 10.22 100.00 100.0 24
6246.00 75.08 100.00 100.0 24
6 385.35 6.62 100.00 100.0 24
6429.87 93.14 100.00 100.0 24
6 538.60 7.63 100.00 100.0 24
6778.08 13.55 100.00 100.0 24
6 884.48 16.32 100.00 100.0 24
7233.45 50.26 100.00 100.0 24
7316.53 6.52 100.00 100.0 24
7 386.13 67.86 100.00 100.0 24
7 577.98 8.55 100.00 100.0 24
7 624.90 11.17 100.00 100.0 24
7 932.02 8.38 100.00 100.0 24
8107.38 48.69 100.00 100.0 24
8354.55 24.36 100.00 100.0 24
8 418.95 29.10 100.00 100.0 24
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2.3 MALDI-TOF MS B4 EEZERE
HRIESIH

142 TR 49 itk MALDI-TOF MS $84(
KRS AR AR R A S5 S TR R LM R 1, 15
SREGIER IR 2.

SR 97 D TERR Y BTG P AZRE AR 1 5
W 1 T St 1R 253 R A —500—+500 ppm. 534 45 4~
PR AR BB DR Jo e il i - B0 22 L 2,
048 I Z1 BR 1§ (Rhodococcus opacus) DSM
43251 JoT i P A RO AR 1 T 0 ) SIS (B
LS AE AR, 1R2EVEHI A -700-——100 ppm, 075
75 9l 3 1L A B 1 (Agromyces  subbeticus)  HKI
340 DSM 16689" JFiiik v 4 AN A 2R 11 T 1Y)
SCINE I L PRI (E R, IR ZEVE N 0-+700 ppm.
N T A B E AU, WX g B
RS FS R T R

Fi iR R L 29 AN TRAR Y BT 1 o H AN [
MR 1T m/z B2 0, L6 P D AZ R A
BT LT /2 $30E DA R — A B 1 o
F14) B P R o — P M B 1 D P LR U /2
Ben (£ 3). LI 001 Th3E A E (Actinobaculum
massiliense) FC3 |, L33 #1 L30 B850 F &
I35k 6 436.37 Da Fl 6 435.44 Da, *F T Higd
mlz 6 436.23 W, JCEHIWTH DT AL PRI (L33 Fl
L30)ik & —FhaE (15 (L33 8% L30). LA 010 S5
5555 1 (Streptomyces  badius) B192 UFL k5,
S14-Z F1 S12 WS F 50514 6 818.14 Da
#1113 639.83 Da, X T it m/z 6 821.29 [,
JCIE W HLVC BE P Fh (S14-Z () B L fap e F S12
AR HA, i W )30 S — R 1 BT (S 14-Z 1 B i U
o S12 FYREfflge) . Sk T AT IRAZ M AR 2R A o
55, WX m/z R WA A S 5

#3 BUEP—N m/ LEAMZEREB RS TETRIEK

Table 3 The list of the strains in the mass spectra of which one m/z matched two ribosomal protein ions

Strain Ribosomal protein Theoretical mass Experimental Error
ion (m/z) mass (m/z) Da ppm
Actinobaculum massiliense ME0003421 ¢ LDW L30" 6 436.44 6436.23 -0.21 =33
L33" 6437.37 ~-1.14  -177
Kitasatospora phosalacinea HKI 222 HKJ L27* 8 810.89 8 812.34 1.45 165
S18" 8 813.30 -0.96 -109
L30" 6 825.83 6 826.90 1.07 157
s12* 6 828.45 -1.55 226
Mycobacterium gordonae 0714 BSI L32" 6350.47 6349.73 -0.74 -117
L33" 6351.29 -1.56 -246
Nocardia araoensis DSM 44729T L33" 6493.45 6 493.29 -0.16 -25
L30" 6 495.51 222 342
Arthrobacter crystallopoietes DSM 201177 L28" 8 583.98 8 585.21 1.23 143
S18* 8 584.13 1.08 126
Arthrobacter stackebrandtii DSM 16005T L27" 8 844.00 8 847.32 3.32 375
S20" 8 845.28 2.04 231
Kocuria marina CICC 23948 L19" 13 531.47 13 532.33 0.86 64
S12* 13 531.94 0.39 29
Kocuria marina CICC 24030 L19" 13 531.47 13 529.70 -1.77 -131
S12* 13 531.94 -2.24 -166
(P L)

http://journals.im.ac.cn/actamicrocn



2678 Sun Wei et al. | Acta Microbiologica Sinica, 2022, 62(7)

(£ 3)
Agromyces hippuratus HKI 11533_DSM 85987 S18" 922275 9 225.89 3.14 340
S20° 9 224.69 1.2 130
Brevibacterium marinum DSM 18964" L31-B* 9 546.75 9548.13 1.38 144
S20° 9 548.93 -08 -84
Oerskovia turbata B258 UFL L27" 8814.83 8 816.09 1.26 143
L29* 8 818.02 -1.93 219
Arsenicicoccus bolidensisDSM 157457 L28" 6801.91 6 803.96 2.05 301
S14-7" 6 807.08 -3.12 459
Aeromicrobium massiliense DSM 257827 L33* 6661.64 6 661.32 -0.32 48
L30" 6 661.66 -0.34 51
Streptomyces badius B192 UFL S14-7* 6 819.14 6 821.29 2.15 315
S12** 6 820.92 0.37 55
Streptomyces chartreusis HKI 249 HKJ S14-7* 6 819.14 6 818.05 -1.09 -160
S12** 6 820.92 -2.87 -420
Streptomyces galilaeus HKI 22 HKJ S14-7* 6819.14 6 819.58 0.44 65
S12** 6 820.92 -1.34 -196
Streptomyces phaeochromogenes B265 UFL S14-7* 6 819.14 6 821.71 2.57 377
s12% 6 820.92 0.79 117
Streptomyces violaceoruber B263 UFL S14-7* 6 819.14 6 820.14 1.00 147
s12* 6 820.92 -0.78 -114
Micromonospora viridifaciens DSM 43909" L34" 5198.04 5197.81 -0.23 —44
S17** 5199.54 -1.73 332
L30" 6 829.94 6 830.62 0.68 100
S12** 6 829.97 0.65 95
Saccharopolyspora erythraea HKI 184 HKJ L28" 6 790.91 6 789.25 —-1.66 —244
S12** 6 788.40 0.85 125
Rhodococcus yunnanensis DSM 448377 L28" 6 645.66 6 642.18 -3.48 -524
L7/L12* 6 641.59 0.59 89
Gordonia rubripertincta DSM 431977 S14-7* 6 775.08 6771.93 -3.15 —465
S13% 6 772.35 —0.42 —62
Gordonia rubripertincta DSM 46066 S14-7* 6 775.08 6774.13 -0.95 —-140
S13* 6772.35 1.78 263
Clavibacter michiganensis subsp. tessellarius L33" 6 484.45 6 484.92 0.47 72
DSM 20741 L19%* 6 485.52 06 -9
Pseudoclavibacter helvolus DSM 204197 L33" 6 558.62 6 560.70 2.08 317
S6** 6 558.91 1.79 273
Dermacoccus nishinomiyaensis DSM 204487 L34" 5192.08 5192.77 0.69 133
S19%* 5194.46 -1.69 -325
Janibacter limosus DSM 111407 L33" 6 486.45 6483.43 -3.02 -466
L18* 6 482.46 0.97 150
Terrabacter tumescens DSM 203087 L30" 6 643.64 6 643.81 0.17 26
L22% 6 644.64 —0.83 -125
Nocardioides simplex DSM 20130" L32" 6 627.69 6 626.42 -1.27 -192
L7/L12%" 6 628.56 -2.14 -323
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JR i i AR AR SR 15 L33 W)k B B
FHEAR (6 AREE R TR 1 RRIb B AL pR ) A1 R FF A R
PRIPR(2 PRECRFT TR AN 2 Bk AT 1) 1 305 Ho A A
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HOR AR 1% L33 B Ak s g Y,
D3k BT kR Y L33 & A H AR B I F R X 2 m/z
WA L33,

XFFAETE 2 PSR AR AR SR 1 5T L31 F
S14, KZEAMRAY BTk e R L31 Fl S14-Z,
/D REHS L31-B A1 S14, 11 L31 Fl S14-Z 2k
B4 TR TR R A RORT TRk T8 ke P JB 3 o ki
H L31-B il S14 ixX — 25 43R B il £k 17 44 4 147 5%
PRI 2 rh — SR T T AE 2 AR, Y
1 BHER, J—BEaRIAG MR RE AR

JoT 3% 1 R R & BB W 1Y MALDI-
TOF MS $540 Bl A 8 1 B {5 5 A 2=
S E o B0 HT, 48 AR I B rh TR
A E AP EER B ECER 1), &
LIk 19 Fh (O AL LR, /N 3 R (s
A E). 53 MoatrEth 51 AN s R

R4 BEAEAR L ATEAERENEIHRER

PR (A CE B DF 6 B, 734h 2 Al gk
PG P RN S it A o) A LR 1 P B0E D F 6 Fih
BRI 53T, AN [ B ke 04 B0 5% o R 1 A%
BHREE R 22 57 B3, e ik 20 #F [001
TLEHFF B (Actinobaculum massiliense) FC3 Al
064 235 % K H (Rothia aeria) CCUG 25688], #x
AL 2 P [038 A RE A X IR B (Dietzia
cinnamea) 117 RLT]. []— PEFNAS [ B AR (0] 1 B
H BAZ AR SR AR R — B R A B0
PL 003 I HE R 6 (Actinomyces oris) ), 4 4>
AT B R (CCUG 54866 ,Cory 54 IBS \BK495 10
ERL #1 BK03176 10 ERL)JT B H (2 BHAE
BRI R 14, 16, 11 F1 14, 2R BLRLLE
A TR A A B, — T TR B R TR AR A AR ) A0
PREE R 22 5, i — i, A — R
AN BRI B L) R 2R (A2 1 53 AT e RIS 1) 24
BRI A Ry T RAB T AR R IERE . 142 4>
PRI R 2/ 10 FhAZOME (AR B 11 0T 17 P e 2
it 111 A, HEREE 78.2%, R R
6 PR I AR IL T 134 A4, (G ATRR A
1 94.4%, TR AT 6 PR ER 171 BT TR
MG 84, RS 5.6%;

Table 4 The list of the strains whose subunit L33 was likely methylated

L33 [M+H]"
Family Strain Theoretical mass Experimental
(m/z) mass (m/z) Error/Da
Streptomycetaceae Streptomyces badius B192 UFL 6292.24 6 307.07 14.83
Streptomyces chartreusis HKI 249 HKJ 6276.24 6 288.49 12.25
Streptomyces galilaeus HKI 22 HKJ 6 294.27 6 307.36 13.09
Streptomyces lavendulae B264 UFL 6310.27 6325.01 14.74
Streptomyces phaeochromogenes B265 UFL 6276.24 6292.15 15.91
Streptomyces violaceoruber B263 UFL 6276.24 6 289.77 13.53
Kitasatospora phosalacinea HKI 222 HKJ 6293.22 6 305.18 11.96
Dermabacteraceae Brachybacterium faecium DSM 48107 6 295.26 6 307.24 11.98
Brachybacterium muris 7 RLT 6329.29 6341.98 12.69
Dermabacter hominis DSM 70837 6 329.27 6341.89 12.62
Dermabacter hominis 13099930 2 ¢ MVD 6 329.27 6343.19 13.92
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M 142 D EIRG MALDI-TOF MS &3
SRR 31 MR IAR R T, AR 19 FhR
WILE A 12 FUNERE AR, HESE
ST BRI E S BEGR 5. K
THE(<10 000 Da)B% {4 (5 (L36. L35,
L34, L33, L32, L31, L30, L29, L28, L27,
L31-B. S20. S18 Al S14-Z){5 5 Ay H Bk K i
T TFiR (310 000 Da)yBHAE {55,
L36 &5 F R AR MR T, | 37-40 4
IR Y, 4> F L FLE 4 2804 710 Da.
L36 M5 S e AR o B U, o0 127 1K,
o 2 W R, HF AR 44 DRk
TR HESE —, 7E 85 AN TR KM BT 1S 04 b HE A
o A3 15 FABHAE P BT (L36., 129, L28,
L32, L27, L30, L33, L34, S18, S14, S20,
L35, L31., S15 Fl S19){5 5 7E MR i 2 BBtk 1
Pl rp B, AT s S o R A 0 1 A R
T B F
24 ZEAERREEKRKFENEINGED
ST

R VEA AR AR B8 11 5 TR AR K- 1) 4 071 g

x5 ERUMIMEERERRESHHIDE

J1, WS T B E A 2w R, KR
Z RO BT AZARA AR (1 5T 1 B R AR U 20 5 T
PIRAETE R = X Ip stk . LA 057 e s ik i
(Micrococcus luteus) (& 6), 8 AT E L
P9I 58 e —E R B B0A 5 FR(L36.S18.
L27., 123 Fl S14), EATAIE N T A4 A4 H
HAbAZWE AR (5 7 HAS [F) R S 1 2 9] 22 55
Horh gy 7 R B T WA R AR 11 B e T Xy
PR, W L35 JoikIX 4> AS2 HHA Rk, /T
R — o 22 S AR 1 BRIy
BBk, 41 L32, L31-B, L29 il L24 5. Biilkid:
FEAIAE SCRRX — WA, WA R M. luteus DSM
1790 FAlEF 8 2 LTk FUAZARA R 11 BT DL e
PR E 225, 5 FDAARGOS 677 (VL&
fefm, 4 18 FiZBHAE o, FHAB AR AY DL
BCRETE 7-14 FhEZBEAE A2 . b, —8
RGO FARIT R BHR , S FAZ AR 1 By 2 30
HF 81—t JoR I T AOR AR A SR A 7 IX
a7, 41 018 H A iLifi K B (Nocardiopsis alba) 020
T 6/ N I (Micromonospora chalcea)& , T
S A A AR R AT IX

Table 5 The number of mass peak annotations among different ribosomal proteins

Ribosomal protein Number of mass Ribosomal protein Number of mass Ribos.omal Numbe? of mass peak
peak annotations peak annotations protein annotations

L36 127 L35 90 S13 13

L29 118 L3land L31-B 83 L19 8

L28 115 S15 81 S6 6

L32 112 S19 80 L22 4

L27 111 S17 50 L18 4

L30 109 S12 47 L25 1

L33 108 L24 45 L14 1

L34 106 L21 25 S11 1

S18 106 L7/L12 18 S16 1

S14 and S14-Z 100 L23 14

S20 94 S10 13
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Figure

1

MALDI-TOF mass spectra of K. rhizosphaerae D24 (A), L. jiangxiensis 3-5 (B) and R.
aetherivorans 4-12 (C). The annotated ribosomal protein mass peaks annotated are labeled in red.
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