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Rapid identification of Saccharothrix spp. based on
ribosomal protein biomarkers and matrix-assisted laser
desorption/ionization-time of flight mass spectrometry

SUN Wei', XU Jie, ZHANG Wei, LUO Qian, TAI Cui

Core Facility and Technical Service Center, School of Life Sciences and Biotechnology, Shanghai Jiao Tong
University, Shanghai 200240, China

Abstract: [Objective] Saccharothrix is a genus of rare filamentous actinomycetes showing
great application values in the biopharmaceutical field, industrial enzyme preparations, and
environmental remediation. This study aims to establish a method to identify Saccharothrix
spp. based on ribosomal protein biomarkers and matrix-assisted laser desorption/ionization-time of
flight mass spectrometry (MALDI-TOF MS). [Methods] We searched two public genome
databases to obtain the sequences of 15 ribosomal proteins from the genome-sequenced strains
of Saccharothrix and calculated the theoretical molecular weights. We then compared the
molecular weights to investigate the matching of 15 ribosomal proteins between different
species of Saccharothrix and that between the type strains of Saccharothrix and its closely
related three genera (Umezawaea, Actinosynnema, and Lentzea). The criteria for identifying
Saccharothrix at the species and genus levels were proposed based on the number of ribosomal
protein matches. Subsequently, the identification criteria were tested by MALDI-TOF MS with
target and non-target organisms and improved. [Results] MALDI-TOF MS peaks from an
unknown organism were compared with the weight list of 15 ribosomal protein biomarkers
from each Saccharothrix type strain and the number of peaks that matched each strain’s
biomarkers was obtained. Based on the maximum matches, peak intensity mode, and
characteristic peaks, the organism can be identified at the genus or species level. [Conclusion]
This study established a method for identifying Saccharothrix spp. based on 15 ribosomal
protein biomarkers and MALDI-TOF MS, which can be used in directed screening and rapid
identification of Saccharothrix spp.

Keywords: matrix-assisted laser desorption/ionization-time of flight mass spectrometry
(MALDI-TOF MS); ribosomal protein; Saccharothrix; actinomycetes; identification
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F1 ANELEREEMKMERALEER
Table 1

Genome-based identification of six Saccharothrix strains

Query Closest type strain

DDH value (%) Identification result

Saccharothrix sp. ALI-22-1
Saccharothrix sp. CB00851

S. deserti BMP B8144T
S. carnea CGMCC 4.7097" 60.0

44.1 Potential new species

Potential new species

Saccharothrix sp. NRRL B-16314 S echatanensis DSM 45486" 45.6 Potential new species
Saccharothrix sp. NRRL B-16348 S texasensis DSM 442317 43.5 Potential new species
Saccharothrix sp. S26 S saharensis DSM 45456" 41.7 Potential new species
Saccharothrix sp. 6-C S texasensis DSM 442317 86.6 S texasensis
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x4 BEERRE. REPLERRXESHLEBRXERENZEAERRTLEL
Table 4 Count of ribosomal proteins from Umezawaea, Actinosynnema, and Lentzea strains matched to 15
ribosomal proteins from 16 Saccharothrix type strains

Organism 03 04

05

[
[e))
S
Q
[
%)
(==
O
—
S
—_
—_
N
—_
w
—_
N
—_
(%)
—_
[e))

Umezawaea endophytica DSM 1034967 3
Umezawaea tangerina DSM 447207 3
Actinosynnema mirum DSM 438277 3
Actinosynnema pretiosum DSM 441317 3
Lentzea aerocolonigenes NBRC 131957 3
Lentzea alba NEAU-D13" 3
Lentzea albida DSM 44437" 4
Lentzea albidocapillata DSM 440737 3
Lentzea atacamensis DSM 454797 3
Lentzea californiensis DSM 433937 3
Lentzea cavernae CGMCC 4.7367" 3
Lentzea flava JCM 3296" 3
Lentzea flaviverrucosa DSM 44664" 3
Lentzea fradiae CGMCC 4.3506" 3
Lentzea guizhouensis DHS C013" 3
Lentzea jiangxiensis CGMCC 4.6609" 3
Lentzea kentuckyensisNRRL B-24416" 3
Lentzea nigeriaca DSM 456807 2
Lentzea pudingi CGMCC 4.7319T 3
Lentzea terrae NEAU-LZS 427 3
Lentzea tibetensis FXJ1.13117 3
Lentzea waywayandensis DSM 442327 3
Lentzea xinjiangensis CGMCC 4.35257 3 3

O N N O OO I N O VU R U OO S O O VO RN VO RN N VO T R VRV S S
W W W W W W W W W W WWIR WA WWWWNR N

W W W W W L W W N A W UL W A WD NDDND WS AN P

N D W N W bR D W —= W N B W W —= = NN W w w w
W A B W W W W R D W W W B B B W DND DD W W WA DN
A A A W B2 0 A W WL D DB O B W WWWNLD PR B2 DB D B>
W W N W W hr W W NN B W B W B DD DN DD W W W NN
NN W W N W N WD B DR WD N DD W W n i W W
A AN A B 0 hA~A BA VLW OBV EAE O BRA D WWR WK D D W W[ =
W W W B W W W W N A W W W W W NN B W W BN B
W W A W W W W W N W W W W W b N DD DN W AN SN D
W W W W W W W W N W W W W B N N NN DD W N D W DN
D L W RN W RN DD W RN W RN N W NN W wn DN
N NN = = W W = W N —= W N~ = = = NN W W NN

Cells that have the maximum value are colored gray.

2.4 HE¥ CCTCC AB 2015033 By & F4H4H
TREE

Ak CCTCC AB 2015033 3 R 2H 20 28 J5 4k
5379 /1 contigs, FERZA/INR 8 463 194 bp, ¥
GC &1l 73.51%. JPHIHEAC 2 E A Ykl
B oo 56 R 4 808 J2E (https:/mmdc.cn/resource/
genomics/genome/), E{HEgn 5N NMDC60064245,
16S rRNA JE [ J37 41 LX) 22 B, H 55 Saccharothrix
lopnurensis YIM LPA2h" ] 16S rRNA % [H 751
— Bt N 99.93%, %EAE J B 22 TR IR TR Rl
A S lopnurensis i XA F4IHiiE. S04
FERH xR, Btk CCTCC AB 2015033 5

S syringae NRRL B-16468" [} DNA-DNA 4252
(DNA-DNA hybridization, DDH){E % 5 , & 32.9%,
6 JR PR [RI Rl E] ) DDH B [l
25 MLBEEBEMNKXEHRAY MALDI fRiflg
TR EREE

AHWFFEIEE 4 K MALDI-TOF MS
EIE LIE 1, 6 4~k (F MALDI Biotyper (4%
JEH Y 2 ) BT e 4 3R O B A8 [ KA Rk
EHEFEPRO, Hi5: NMDCX0000220, 5225
J& & A TR AR B A S 1 B DL C A SR WK 5,
TEAVEAC(E B 3 [ R YR = Bds o,
%5 : NMDCX0000220,

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



4808

SUN Wei et al. | Acta Microbiologica Sinica, 2023, 63(12)

A L30 L27
R 3 L28 & 4 1000 q
36000 23 L%E 5 2 L,-zs 5 s0f 7 520 L29
= g g S0 5 2 oeof | : =
i P 71 LT gewbA H
%10 L36 & Al £ 200" Jrl
~ 25 é L34 Z100 ‘;J !""‘I 7 \-'-Im ff W," o " 5 200 Yﬁ F“ll é, }" W; H ‘N‘)h ﬁl ’vM‘.
320t 3 2 oopet e VY My
i e i S 6200 6600 6600 6800 7000 9100 9150 9200 0%0 5300 9350
Z 1.5 ‘ i miz . miz
210 :
g 05 \ ‘I LT oA \ =
— O O i e T S [ WL P R © SOU, SN VD NS O] [ i y
4 000 5000 6 000 7 000 8 000 9000 10 000 11 000
mlz
B 130 L27
_ o Lr_slz L8 SUZZ 135 500 12
3 @ L ae 3 3 T e
ez B BR R Sl AE
-g' 4000 1 :‘ ",‘,..‘_.‘ | 7 z .‘H'\‘ \=
b il f FAS I‘I't £ 1000 MW
3 Za000F k. / A W)= e Vs
10} I;;’ s e i TP Qe L"”"‘x 00k N
T 25 8 £ 6500 €00 6700 6800 6900 9050 9100
o 20 r H % miz miz
el “ 133
Z 1.5}F i e L31 SI8 S15
5 oo |
2 05F i, A AT = = =
= 0.0 e AP e WA APV Y A | - ; =
4 000 5 000 6 000 7 000 8 000 9000 10 000 11 000
m/z
, L30 127
¢ 8000 L%Z SMZ?—. o L35 5000 4 ;29
- z £z = 34000 gz $20
56000 e A =2 i % 2
= f‘i # A =3000 Jf\‘h =
% 4000 / \l /r’ L% ‘“AJ.J \l é 2 000 / I:l 'a‘\
= 5000 A R A \F 1o /f \ A
2 - \ N
"'“X o /66I(]0 5700 6800 6850 6900 9000 A 9100 9 ﬂo::um;loo A
:; 4'0 LE6 L24 miz iz ’ t;i!': ;
% 30 Z g L3 S5
e 20 X | é 3 L31 S18 N e
g7 b 7 z 3
g 1.0 ’\ i - g g . 2
= J v ) e A Y = T
= 0.0} LY V) “*T’L'" A A A N ! : - A :
4000 5000 6 000 7000 8 000 9 000 10 000 11 000
mlz
D 3 000
A 24
Z 2000 :
x10* L36 _E 1000 /\w«
S2sr 4 ] |
& 20 H 670 800 90
Z‘ 1.5 L34 0 y miz o900
2 10 “
£ 05 i
=
0.0 J\w Ak, ; : . .
4000 5 000 6 000 7 000 8 000 9 000 10 000 11 000
miz
1 HeERMNXE#KHE MALDI-TOF MS Ei%
Figure 1 MALDI-TOF MS spectra of Saccharothrix test strains. A: S australiensis CGMCC 4.1355". B:

S carnea CGMCC 4.7097". C: S. texasensis CGM
Peaks that match ribosomal biomarkers are marked.

P4 actamicro@im.ac.cn, & 010-64807516

CC 4.1713". D: Saccharothrix sp. CCTCC AB 2015033,



IMESE | AR, 2023, 63(12)

4809

x5 MLERMNKXEKRE MALDI fUiklESHLEBRRNERNRERES RERE
Table 5 Count of MALDI spectrum peaks from Saccharothrix test strains matched to ribosomal proteins

from 16 Saccharothrix type strains

Test strain 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16
S australiensis CGMCC 4.13557 4 11 2 2 2 2 3 2 2 2 3 3 5 3 4 1
S carnea CGMCC 4.70977 5 2 13 3 9 7 2 5 7 6 9 5 5 6 2 5
S texasensis CGMCC 4.17137 3 4 6 5 6 6 4 3 9 2 5 5 3 15 2
S mutabilissubsp. capreolusHKI264HKJ 4 4 4 1 2 3 2 1 2 5 5 5 4 2 7 2
S mutabilis subsp. mutabilisHKI 9771 HKJ 5 3 3 5 3 2 7 2 1 5 4 5 7 1 13 2
Saccharothrix sp. CCTCC AB 2015033 2 3 1 4 3 2 2 1 2 1 2 5 3 1 3 3

Cells that have the maximum value in each row are colored gray.

BLHBEEHKRETE

FHk CGMCC 4.1355" 53 2 1 02 SHifk
PIAZ AR 1 SR DE B BIOR R (11), (RAIR T 2.2 &85
YE BRMIIbRE, KABYEE N S australiensis,
Al 2.3 S E B R bR E S 2L

BRI R 5T L R R AT B 4 RO R SR (TR
(S14-Z. S18. S15 1 S19)fi (& 1A), FEH:
IR 455 R AR

Fikk CGMCC 4.7097" 53 2 1 03 SHikk
(A% R 2 1 o DR e B30 R (13) LG 2 %88 &
WA ERRE, %E N S carnea, % E 45 RAER .
TR PR ST P R ARG I 2] 2 A M A B 1 9 (S20
1 S19) I (&] 1B), 1HI /2 %6 78 2 A A i

Fk CGMCC 4.17137 55 2 b 14 Stk
(A% WA 2 11 o D e 2500 R (15) HLIG 2 %68 &
FEAP AR ME, ME N S texasensis, XE 45 ik
B o BRI ST T PR RSN 2] 15 R AR 2 1 5 Y
V(B 1C), % BH B iR SE BRI % DC B 40 e
DEFCEL—3 .

Pk HKI 264 HKJ 53 2 4 15 SRR
WA 1 5T DG C 8 dme R (7B T 8 2 T Y
PRifE, T E B R AR I A 2

PR HKI 9771 HKJ 53 2 # 15 SRk
WM EE 11 T DR 0 R (13) FLWG /2 %8 B A
bR, %E R S variisporea, Tk V%5

2.5.1

R RS2 S mutabilis (935 PR 20 i R AT
AT 22 TR Je8 TR ol 1) P A AR A 2 11 J5 DG TR ke
DX} S mutabilis 1534 . BFP S variisporea F
S. mutabilis 3 RS, BOMHAE AR
VEECEGAE] 13, 28 2.2 ¥ % & ZEM AR
HEBOE AR, Joi: KAl R4 o8 RELIE I TE
Pl R i DR AR K S5 8 e, H 58 B A
AT A IE S AZME (A 28 11 B DC BC B> 14 #5450
JEHIARE, g 2 AR UL EASRE A R
WA ARG ) ) TR AR TG T S 2R

Bk HKI 264 HKJ 1 HKI 9771 HKJ [A]h
S mutabilis FEFN, (A H R RVC L F 10 35 (7
F113). HKI 264 HKJ RIS FRPAT 6 g5
PR USRS vz w2578 550%107°-650x10°°
Z I, R BE IR ZETE R, R R
EEE, BT 6 MRS )y m—3, il
TR IE , ZEMR S 15 SRR A S 5
VCRCEt n ik %) 13,

ZE BT, AR S BRI ik i AZ M IR 2R A
D FC 450/ FR 6 DG Jic 50 = 2 it R HL o i 0
A B R 2RV . Bz Ik, 5 A
DR R 1) e R DL R B X >7, ATt i % 2R
AR

Hikk CCTCC AB 2015033 5% 2 & i
R R AR AR B 1 o R DE Bl 5, KT 2.3
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TS B2 R bR, R BB b2
W, RUIEER 2 PRYRERCRESOC R BT I 22
W, TR RVCECE>T bR L S EER .
252 MLFEBEEKZEAREERNRIGIERE
E 5

BT o 4 AN TR AR A M T B 1 s Y
MALDI Jfi jif e 2 Bl — By s A, Bl mvz 7
e ISR T R TR U R . L36 MYUESR T iR
L34 ]z, HIKE m/z 6 300-7 000 fY 6 Rl b
WS, 2542 miz 7 700-9 400 1 5 Fhi%
BT BRI, mvz 10 000 LA [R5 B e fik
T A g 5 JRE AR R AR hy M W 22 TR R T A Y
LA MM 435t 7 000 Da LI iy 8 A
A2 VA B 1 0 1 SO i U 12 D e i RE S HR I,
RIRZEGESr & 8 800 Da L F A% AE
B RS, SRR B (IR H R TS
2.6 PELLEEINEMAY MALDI FRiLklg Thg

B~ E A E 0 P i 5 0 22 7 s A5 82 X
PR PR A AR A B 1 TR D iR 25 S L6 6, 1PR4HDT
BLfE B C A E K AR B oL, dis
NMDCX0000220, 34 7 4~ H I #R A UL
Begh R O A E AR B R oL, HiS
NMDCX0000220.

o6 PEIERICE B 7 45 8 R 1A% b

R A B RVCECECh 5, ANl 2 2.3 T4
R B NbRE, RUERE RIREE N 5
Y2 TR S G5 K FR I I TR TR S — N S e
JibELL TR BERIRE H A 7 H 73 AN
PR B 4858 B R A IR 8dis b, S
5 : NMDCX0000220) 1) i A 2R 14 5 e K VE i
Bl 4, RS B2 R AR, R
T 34 P &Y bl (87 SN S PN
LRIELEME— A Y 22 TR
27 BLREEMWEEARZFEIL
WHT ST IR, A A 22 T & T R Y e R DL
BCECh 5, AN R VCECE>T MbRifE, REB%E
FIRELLTR . WK AR HETR AR S VERLE >S5, 4BiEJE
— BB R AR AT BET R (R 4). A T X P IXLETR
Filr, SRR BT AR E LAY JE KRR IE D
L34 {53 X AITERE 22 06(5 292.18-5 349.28 Da)
SR RIKE G 378.27 Da) R 22 4
(5 379.30 Da)lf] 2555 B2, Al L34 M ikigx
IMBELLTR 5% 2 ANE . L32 BT X Al ek 22 16
(6 547.55-6 658.69 Da) GILKF(6 457.51-6 517.56 Da)
255 W%, Aldad L32 M REIe X /B 22 14 5
% . LLERE CCTCC AB 2015033 M, ok
T vz 5 352.47 VL2216 L34, mvz 6 562.18
BT ME22TR L32 (xR IX(A],  [A IR v ik 2

* 6 BEFKEBMNXERE MALDI FULlE 5L HEENARMZERERRTELK
Table 6 Count of MALDI spectrum peaks from Pseudonocardiales test strains matched to ribosomal

proteins from 16 Saccharothrix type strains

Test strain 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16
Lentzea flava IMET 9748T HKJ 1 1 1 3 3 1 1 3 1 2
Pseudonocardia hydrocarbonoxydans 3 3 2 2 2 2 2 3 4 2 3 3 4 1
DSM 432817

Saccharopolyspora erythraea HKI 184 HKJ 4 3 3 3 2 1 4 3 2 3 2 5 4 1 4 4
Saccharopolyspora hirsuta HKI9709HKJ 1 2 1 1 2 1 3 1 2 1 1 1 2 1 2 1
Amycolatopsis alba DSM 442627 1 2 2 0 2 3 3 3 2 3 2 0 0 1 0 1
Amycolatopsis balhimycina DSM 445917 0 1 1 1.0 2 O O 1 o0 O 0O 0 2 1 2
Amycolatopsis mediterranei DSM 40773 1 1.0 3 1 2 o0 o0 1 0 1 1 1 3 1 0

Cells that have the maximum value in each row are colored gray.
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TE N WELLTA o o S 0 TR R B DR A I 0 it
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EEM, (2) AR AL ALE =14 B iE
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