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ABSTRACT Objective: To prepare the polyclonal antibody against pilus assembly protein (SpaD), a
biofilm formation related protein of Corynebacterium striatum (C. striatum) , and to evaluate its inhibitory
effect on biofilm formation by strong biofilm-producing strains of C. striatum along with its potential
application value. Methods: A total of 117 strains of C. striatum isolated from clinical specimens of
hospitalized patients at Affiliated Hospital of Inner Mongolia Medical University from 2011 to 2021 were
selected as the study subjects. The biofilm formation ability of each strain was detected by crystal violet
staining assay. Real-time fluorescence quantitative PCR (RT-qPCR) method was used to examine the
distribution of SpaD protein encoding gene spaD in strong biofilm-producing strains of C. striatum. The
strong biofilm-producing strains of C. striatum were divided into control group, and proteinase K group, and
cystol violet staning method was used to detect the inhibitory effect of proteinaskon the biofilm formation
abilitys of the strong biofilm-producing strains of C. striatum. The recombinant SpaD protein was constructed
using protein recombination technology and the was divided into control group and 5 and 10 mg+1.~" SpaD
recombinant proterin groups, and cystol violet staning method was used to detect the inhibitory effect of
SpaD recombinant protein. The rabbit anti-SpaD polyclonal antibodies were subsequently obtained through
animal immunization, the experiment was divided into control group and 1:400, 1:200, and 1:100 SpaD
polyclonal antibody groups, the inhibitory effect of SpaD polyclonal antibodies on biofilm and crystal violet
staining method was used to detect abilities of strong biofilm-producing strains of C. striatum. Results: The
Crystal violet staining results revealed that strong, moderate, and weak biofilm-producing strains accounted
for 47.9% (56/117) , 29.0% (34/117), and 23.1% (27/117) , respectively. The RT-qPCR results
showed that all the strong biofilm-producing strains carried the spaD gene. Compared with control group,
the biofilm formation abilities of 13 strong biofilm-producing C. szriatum strains in both 5 and 10 mg-L ™"
SpaD recombinant protein groups were significantly decreased (P<C0.05). Compared with control group,
the biofilm formation abilities in 61.5% (8/13) and 7.7% (1/13) of strong biofilm-producing C. striatum
strains in 1: 100 and 1: 200 SpaD polyclonal antibody groups were decreased, respectively (P<C0.05).
Conclusions: The spaD gene is highly expressed in strong biofilm-producing clinical strains of C. s&riatum.
Anti-SpaD polyclonal antibodies significantly inhibits biofilm formation in these clinical isolates,
demonstrating a inhibitory effect as a manner of concentration-dependent. SpaD can be a promising novel
target for therapeutic intervention against biofilm-producing C. striatum infections.

KEYWORDS  Corynebacterium striatum; Biofilm formation; Virulence of Corynebacterium striatum;

Pilus assembly protein D; Polyclonal antibodies
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2021-0008) . BEEH PR K E RN EFREM (tryptic
soy broth, TSB) 4 H % [E OXOID A #], #&
AR H R HEA BN H) L, 2X Taq PCR R WK
(B yekl) A R KW A b st RAR A L BHA R
oy A, AR R 43 F BT i AR BT Marker (A X 43
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W BN B 3 B 22 AL 2R A PR A, 22 T el B X
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FEG R (B, ZWY-200D) W4 F b8 54 BT
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JRAS B 12 2R A7 % L B X
1.4 £ &% EEKN C striatum % W B &

fifi F — WK Pk 2% Fh 36 Bk BB A 1R 7 T 5~6 mL
TSBRiFR 5L, B T 35 “CH iR £ K55 57 2 X8k
K, FEEAR AL 600 nm P KR 0 5 40 1 R 5 0
e (A) {H=1.0. HHICHEAMERKEE 0. 5%
[P T8 B, P TSB B% % 3686 B 10015 )5, W)
B 200 pl 7 B4 14 TRV T 96 FLAR IR R AR, &
B X IRAL (TSBEFRIEPRNIMER) , B
AREBEIANAERZL., BT 37 CHFEMME 24 he
1 96 FL 40 ML 15 F= A B WRAR T 2, A
200 pl. B PR £h 2% #h W (phosphate buffered saline,
PBS) (pH 7.2) ERE MR 3K, # & 10~20 min
e B . BEFLANA 200 pL 99% HUEE, 15 min
BEAEY L. ¢ 5B, 15 96 FL 40 i % % A P Ik
B, A 200 pl 2% &5 fh 5 gL WL 4 5~10 min.
FEEYW, BALINA 200 pL PBS 2% i vk 25 K 45
AL ME, EEER 3G ERCER T . B
JA 160 pL 33% vKESIR , & 10 min A fif A28
JEE AR AL T 620 nm ALK I 45 FL AT, DAAR
TN B 25 UL AN Aco B BR A2 W0 IO 1% B
FIHIBIBRAE . AP (A<<Ac), 59778 (Ac<A<C
2A0), HEE (2Ac<A<<4Ac), 7 (A4 Ac).
1.5 #&@HBEEEIANZFOHBKNREAH®RE
Y T R Bk A 64 BE ) 4E R

M1 47 &b B i e 13 Wk A ) B AR RE )
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MR RER 3K, MA20mg- L' EHEHBK, &
FL 200 pl., 37 CHRLEWFE 2 he XA FLIMAN
oA KA A A0 TR RO, T AL A 200 pL
TSB#:F4L . PBSZZ vl UefLAk 3 e, iEAT 4%
AR, KT AS L AE, DL A B AR A A B R
A W RETIE CRE T, A R AR AR 3R A ) T 32 B o
THEAE Y R 2 AP RIS = (X BRAL
Af — LB AL AM) / (X HEAL A E— AL
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AfH) X100% ",
1.6 % 8 % & & F PCR (real-time fluorescence
quantitative PCR, RT-qPCR) i # @) 3% /= B & 4k P
spaD %W & xR

PL 56 #3877 B C. seriatum R, VA spaD IE
BT 51 W) AT TR BN o A3 ) Pk R A TV T
40 pLL ddH,O #1, F 100 CF 4 8 min i 17 DNA
HLAR . spaD 51 1 A b o i 38 28 A | A .
R IE . a5 ¥4 0.5 ul, 5IW1EE
W# 1, 2XTaq PCR Mix (with dye) 10 plL, #&
M5 pl, ddH,O 4 plo KB Z&fF: 94 °C. 5 min,
94°C, 10s, 56°C. 30s, 72°C., 30s, 35 7F
B 72°C. 5mine XYY H#EAT HOIE BEEE I
VKA, PAAH XS 4 F i 2 000 bR AR I S IR, LU
H 5 254 1 B0 S TR R IR H AR BRI

£1 spaDZEE PCREIYFFI
Tab.1 PCR primer sequences of spaD gene

Gene  Primer Sequence(5'—3") Size(bp)
spaD  spaD-F TCGGTGTTCTTCGGGTATGC 267
spaD-R - CCTGGAAAAGGGTGATTGGAC

1.7 SpaDEAER G S LERKINERER

1.7.1 SpaD EA K Ml % 5% % SpaD HAHE
H il & DL C. striatum G RBE (CS-1, 5= Bfk)
K ¥ %) (GenBank 4% 5 : SAMN35779365 CS-1)
JZ% )7 H, KiE SpaD H 1 (36~266 IR ) i
AL R BF A, ZAtde s R R LR & oA
FRA G A R Bear il & 1 EcoR 1
R 28 P40 8 A7 o5 R T 9 Xho T BRI P9 L A7 A5
SpaD K&K B MKk BB # K (pET30a) &N 1Y)
fitf kb BRJS , SR T4 DNA VE BB . E3Erm5
f£ 2 BL21-Codon Plus (DE3) &2 40, H,
FE 3K TR AR pET 30a 1 76 H 9 56 B N 3 A1 C 3t 2
A A AW (Histidine, His) #8%. Nigbr & P
% . CACCATCATCATCATCAT; C %ibp % 7
5 . CACCACCACCACCACCAC, il it & [ /b
e P NG B B U S E N R B [ RU
HE/NRERIK : AT b Pk R o 8 T K 42 ol
T A B 1.5 mL LB IR 25, I T
37°C. 200 r-min "FFTHRGEHFZEA (620) 4
5 0.6~0.8, Sl A 0.5 mmol-L "5 P -p-D-Hi L
2 7L BEH (isopropyl B-D-1-thiogalactopyranoside,
IPTG) #S2h. BRENEBKEHOAM)E, H

10 mmol-L ' Tris-HCl (pH 8.0) ¥ & & Vi,
JAZEAAFH 2 X loading buffer # ¥, 100 ‘CHI# 5 min
Je #E AT A e B R BN - RN M TR i BE RS H K
(sodium  dodecyl  sulfate-polyacrylamide  gel
electrophoresis, SDS-PAGE) il 43 #r . & 1k
BHERIK BRERIEEFREA (620) {HHM0.6~0.8)F
A IPTG (0.5 mmol-L™") F 37 CFif S 4 h,
B0 J5  20~30 mL 10 mmol-L ™" Tris-HCl (pH
8.0) W WK TR DL IE IR, HEAT B 75 B A 2 0 Ak
B, W 100 pL B 75 J5 09 2, 12 000 remin ' &
010 min, BU50 pL B35 28 EP &, Frs Ui i
50 plL 10 mmol-L."" Tris-HCl (pH 8.0) HE £,
SDS-PAGE Fi il #8 75 J5 4 W . b3 A uE w4 A
FEIRNGE Ol o WA b0 FEAS L UK S 2% Hh A 45 DT AR X
Gy F R SR R A, R R AR R R Al A )5 vk A Bl
A HiskrZE) SpaD & H . i 10 mmol-1 ' Tris-HCI
(pH 8.0) W Tttt , ¥AERMBE L, o
S 15, 60 F1300 mmol- L~ BEPE %) 10 mmol-1. !
Tris-HCUE N B FIE AT FYe H & r, IR A
SDS-PAGE Jr ¥R 25 H aifb 0 R . TR A H
IR 2R I e e, R RE LT AL . RS, SR
A €815 - R IC T3S K FH B2 R (liquid chromatography-
tandem mass spectrometry, LC-MS/MS) Xt H 19
P T E . il 1t Mascot #4F %F 15 5 51 oE 47
G Z 53 A DL SE H AR AR 1 SpaD.
1.7.2 SpaD ZripEHURH & 55 E  XHE 2K
F SR FEAT g%, SR A T fR - K BCEH P i s 1~
2mL. HU400 pgalifb iy SpaD E4E A, A HEh
KB 2 200~500 pL, A SRR 55 G TR 5] o
SR FH B 328 JEL S 38 B T VR SR G EAT IR s . s
G, BN 2 A AT LR e e, IR BEAT 3R N iR
BE . TR 1 G 24 % 30 8h ki 5 35 mL
SpaD £ 5 B Bt A& BH M 1 3 . >R H HiTrap rProtein
A FF JERZ A AT Bk gk
1.8 ELISA 3 #4&®) SpaD % & &Rk &4

et P Al 2 - e TR U4 2% v (pH=9.6) %
Prl (SpaD HAHKEH) MEZE2pg-mL 5, MA
96 FLAN M K5 F: M, AEFL 100 pl, 4 Ci K JEH L
W . FAE IR -20 B PR Eh 2% mh (phosphate buffered
saline with Tween®-20, PBST) ¥E¥k2W, &L
A 200 pLL 1% BSA & F#, 37 ‘CHf 2 h, PBST
% MPRVE VR LUk, BRI AN 1 200 FF 4R #E AT
256 BERR R (BAMEXT BAL A1 = 200 B PE 1LV
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25 X IRFLIMA PBS G2 if ), B:AL 100 pLL, 37 “CHiE
H 1 hJ5 M PBST & o M ¥k %% 3 k. BALIMA
100 pL HRP #ric th -4t & IgG =4t (1 : 20 000) ,
37°CHWFE 1h, PEU3WERALINA 100 pL TMB &
B & A 5~15 min, &L A 50 pL 2 mol-L ™" i
PR L 2% 1k S o fiff R B AR ACAE 450 nm (R I % <)
M630 nm (ZHPEK) Flla&fLAME, Piiksk
Wb 1/ 2 $5e K A B TR L 1) s B A 4o

1.9 ZHELERARMNSpaD TFLEGRS ALK
TR AR B C. striatum Ve KR A DB R L
& 4 H1 4E A

1.9.1 SpaD 41 8 [ 6 A P BT )% Be 1 (%) 30 i 4
BB C. striatum B 3% T 5~6 ml. TSB %35 3%
B, T3 CHRG & LRI E 28k RK
96 FL 40 it 15 7% A b 43 B m A 5 F1 10 mg- Lt SpaD
EHEHA, WAHSK10mg-L " SpaD ®41E H 41,
3T CTFMWE3OmnfG, 5 EWHAK, PBSE K
WAL SRR LR AMEN ., BLE0.5F KN
B (10° CFU-mL "), 6 B 100 f% =
10° CFU-mL ", &fLInA 200 pL I8 1% B 5 /9 40
PRV . 1B BT B AL N R & SpaD 2K F 10 41 BB TR
P I A S H WA TSBEFRHL . 37 CEF 24 h
JEAE R 147 D BRHEAT A W IR Re SR,
FH B A5 ACAE P 1 620 nm Ab A I 45 FL AH, T34
FLAE Py B )

1.9.2  SpaD £ 5Bt R X A= W) AL 1A 77 644 41
fEH #&I “1.47 FriR r il A e AW, R
T 5 R BRI A 96 FL 4l i 15 #7 M, 4L 200 pl,
YABIAT £ 400, 1 : 20011 = 100 Fs B () SpaD £
SEREBR, 43 AA/E M 1 400, 1: 200 F1 1 : 100

2.0 - == Control
B Proteinase K

A(620)
T

SpaD £ s FEPUIARA . W E X RFL A & SpaD Hi ik
B 40 PR, P SL A WY TSB Ky 98 4 .
T S B AT B 3 A AL AL o T AR AL TE B K
620 nm Zb K I 25 FL A E, T84 AL A P B o 52
1.10 St F 54

K GraphPad Prism 9. 5. 1 & i 47531
5T C.ostriatum 25 AR AL PLIG AA . AWy RE 4D
il R A SpaD FLUA LM 5 A SN, MlatsE
N, ZHMBEAEICBCR RN R I 200, A
(] 79 79 bGP ST REAS e K g . DL P<<0. 05 22
FA G L
2 7 R

2.1 C. striatum W& Kk £ W BTG & 8 A

117 %% C. striatum Y RETE T 78 £ 2R i Ak
W, DAAR A IERE I AE A 25 5 o Hov, 57 IR
BRA 56 kR, AL 47.9%; AR BEERA 348k, &
H29.0005 5577 RARAT 270k, (23,106,
2.2 9Kt C striatum 2 HEF R S 6537
%14k A

TE 0 6 519 13 Bk de ot P IR bk b, &R A
K (20 mg L") &35, C. striatum 58 7= BERE ) £
YIREIE W RE ) ¥ 2 B3l . 5 XA A, B
KA Wbk A B ERIT (P<<0.05) . %% BR/E
PRI 323K 52 % ~T72 %, 0 BORAE A bR R BT
o U 1A, SR b, &P KA 4E
PIRREZE S s Qe W B 8 4 . WET 1B,
2.3 SpaD % B E C. striatum Vs K4k F 6 5 F

RT-qPCR ¥ k& W 25 2 W /5. 56k (100%)
C. striatum 38 7= BEAR BT spaD FEH .

Control Proteinase K

Strain number
A

A: Histogram("P<20.05,"P<<0.01 compared with control group) ; B: Morphology of C.striatum (Crystal violet).
B’ 1 C.striatum =¥ BEFR BRE

Fig. 1 Biofilm-forming abilities of C.striatum
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2.4 SpaDEAF G ABEEZ LT
28 P U, S % SpaD 3 R B 2 v B #
pET-30a . & 2 £ ik 24K pET-30a-SpaD #% 1k K
WA TR Z A 5 ] s ARk . WIEl 2 fn 3. glifb )5
B2 2 LC-MS/MS ¥ %58, IESE A SpaD &
Mo gl 5 8008 22 SpaD 2 1 s — 30, &
3539700, ZRRME AR 442, WA
H Ar 2 1 4 5 56 IR 90 A7 0 580, 390400 A % 43 I
O 31 000, 525 BT A5 Al Ak 8 AR X 43 7 T 5 T
WA oy F T 25, PIRE S PRk
RAEBEMEWA G, WE4AMEL,

M,

r

M

97000 =

66 000 -
43000 —

31 000 \

.4

M:Marker;Lane 1:Control group;Lane 2,3:1PTG-induced group.
K2 SpaDE4EH/MERIKX SDS-PAGE B3k &
Fig. 2 SDS-PAGE electrophoregram of small-scale

expression of SpaD recombinant protein

2.5 SpaD % st RN

SpaD F A A RIEH E 2= KRG, W3R
SpaD £ B . L alifb Ja Xt B AR SR AT a0 R
FEXPE R (450 #1630 nm) F&4F R A, Bk
Hrik®)1: 102400, WK 5.

Number of His

O I 1 1 1 I I 1 1

0 2000 4000 6000 8000

Protein score

A

10000

M: Marker; Lane 1: Primary protein sample; Lane 2: Flow-
through fraction; Lane 3: 15 mmol-L ! imidazole eluate; Lane
4: 60 mmol-L " imidazole eluate; Lane 5—7: 300 mmol-L '

imidazole eluate.

B3 SpaD EHAEARBEREME SDS-PAGE
Tk Bl

Fig. 3 SDS-PAGE electrophoregram of large-scale
of SpaD recombinant after

expression protein

purification

2.6 SpaDEMERGMNE AERETERAKENE
T B R 7 4 A ) AE )

%5 SpaD HLAHE LB 30 minJ&, 55X B4 H4,
5F110 mg- L' SpaD i 21 2 1 41 v 13 PR ™ B R bk
A= YRR BURE 0 B B IR (P<<0.05) . ULIEI 6A.
5 mg-L ' SpaD 41 & [ 24145 B bR A P B0 R Ry
57%~80%, 10 mg+L ' SpaD T 41 & 1 41 4% itk 2k
PR 2k 62 %6 ~83% . SpaD H 418 11X A [A] 14
RAE YRR M RO AE AR 25 5. SR g, S5
10 mg-L " SpaD 4 4 11 20 A W 45 i 4 e 8 %
o 55mg-L ' SpaDEHAFEHHLE, 10mg- L'
SpaD B4 45 MR AT R, WK 6B,

1:400, 1:200H11 : 100 SpaD £ v [ Hi ik 41
XF 138k C. seriatum W RE ) A ) B8R 7. 3%~
T4.9%, AW RA )BT FR B R AE 22 . X

1 VEENSLTIRS VIVARVAGLS LGIAAPGAIA VAQDSAIEEK QPAQPGNIDF

51 TREGSLTLFE KEGAESSERA TGEENTNVPG TPLSDVIFKI TELNFDLEEG
101 DYTEFPETAA DVEDTDRTDE TRQVITTDEG KAEFTDLDLG ITYVEEIKAP
151 DGIVIGAPFT VSIPAVNEAS DAVNYDVVAT PENTETEVDE TVEDADENIQ
201 DEYTYTINAD APTYGDGKEL TAFRFEDELD ERLDFQEVTH VEAGEIELVD
251 GDYEVKTPAE NNNKLWVILT AQGLEEVTPG AKNSLTFEV REAVGIKTEL
301 ENHADVIFNN PNTGNEVENE TNEVWTYHGE LEVVEKDGEE EGEVLEGAEF
351 QLYQCSSAAE LGEGPLTVNG TDEYTTGNDG TFTIDGLHVT DFEDNELVAP
401 ATKEFCLERT EAPAGYARLD RPVEINFTRA EIGETGEGDD AVTLVADVEN
451 VECDTPELPN TGONGVGILA AIGAAIVAAG AVFARRGAEN

B

A': Histogram of mascot score; B: Protein sequence alignment analysis(Matched peptides were shown in red bold ).
B4 SpaD EHEARELEELR

Fig. 4 Identification results of SpaD recombinant protein detected by mass spectrometry
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#F1 SpaDEHAFEHMWRMEE

Tab.1 Characteristics and confidences of SpaD recombinant

protein
) Number of Protein
~ Molecular TIsoelectric )
Protein . . Score  matching sequence
weight point
sequence  coverage(p/ %)
SpaD 52593 5.54 9700 36 (35) 44

MR HEH, 1: 100 SpaD Z e EHIIRAF A 61.5%
(8/13) Btk LW B IE L RE 1 B W B AR (P<<0.05),
1: 200 SpaD Z s EHIKA T A 7.7% (1/13) W
PR A= Wy BB i he 0 B B AIR (P<<0.05) . X HR 4
151+ 400 SpaD 2 b [ 4 44 20 25 181 Wk A= 9 B0 1 g
ST ER LG E X (P>0.05) . WK 7A,

Dilution multiple

B 5 bt SpaD LT EFLIRR M

Fig. 5 Titers of rabbit anti-SpaD polyclonal antibody
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1.51 =2 Control
== 5 mg-L ' SpaD recombinant protein
= |0 mg-L ™' SpaD recombinant protein
= 5mgL ! 10 mg-L ™!
S SpaD SpaD
© recombinant recombinant
P Control protein protein
Strain number
A B
A :Histogram ("P<<0.05, “P<C0.01 compared with control group) ; B :Morphology of C.striatum(Crystal violet).
B 6 SpaD HEAE AN KA C.striatum 58 72 BB AR A W) BRI BLRE S MM HI1E H
Fig. 6 Inhibitory effect of SpaD recombinant protein on biofilm-forming ability of strong biofilm-produeing strains of

C.striatum in various groups
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Fig. 7 Inhibitory effects of rabbit anti-SpaD polyclonal antibody on biofilm-forming abilities of strong biofilm-produeing

strains of C.striatum in various groups
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