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Study on comparing five different UV devices in killing Bacillus subtilis and
nucleic acid degradation
LIU Na, WANG Yaping, LI Jingyun, CUI Shenghui
(National Institute for Food and Drug Control, Beijng 100050, China)

Abstract: Objective To compare the differences of five different ultraviolet light (UV) devices in killing Bacillus
subtilis and degrading nucleic acids . Methods The Bacillus subtilis suspensions with same concentration were placed 5 cm
away from the lamp sources and irradiated by the biosafety cabinet UV lamp, 185 ozone producing ultraviolet lamp, BKS-
UV2016 household ultraviolet lamp, JT8-Y30W ultraviolet lamp and deep UVC-LED for 1 min, 30 s, 10 s, and 5 s,
respectively. Culture CFUs (Clone Forming Unit) were compared After 24 hours. Bacterial genome and PCR products
were placed 5 cm from the lamp sources and irradiated for 1 minute by the five UV devices mentioned above. The PCR
results were compared to analyse the template concentration difference. If the device degrade nucleic acids, the irradiation
time was reduced to further analyze the device. Results In killing Bacillus subtilis experiment, five UV devices could kill
the bacteria after irradiation for 1 minute, but deep UVC-LED had the strongest killing effect when the time was reduced.
In bacterial genome and PCR product degradation experiments, only deep UVC-LED showed degradation, and the effect
weakens with the decrease of irradiation time and concentration gradually. Conclusion Deep UVC-LED has a stronger killing

effect on Bacillus subtilis in short time, and the device can degrade nucleic acids to solve some PCR pollution problems.

Key words: Ultraviolet light; Deep UVC-LED; Bacillus subtilis; Genome; PCR products
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FVHEPE , IF H AT BUAS AR (B a7 PR A R A, T A 32
TR R IR A I SR A (UV-C, 200~280 nm) 1)
LT B AT KN AR A Rl RO
% (Light emitting diodes, LEDs) # AR f AN Wr it 25 | %
Hb LED ¢ & b N iz 1 2E 4% & 9K 4 ol i 56 4
LED (300~400 nm) FI{E %64 UVC-LED (200~300 nm) .
I 4 e PR LA 22 AN T T B R A R A (B T
BRI R,

TEGr T 7 S0 00 % b AR GE 0 55 40 4 PR
RETH BRAZ R TS G o H Al 32 2238 28 43 XOE 21y 22 b
Y7 P AR IR TS Y . A WEEE UV (Polymerase
chain reaction, PCR) J& — Fl & £ R ARG RSP $4 45
ERR R B AW AR, B RATEY, 2
SHOM O TAEM 5 o T PCR 4B B rh i iR
15 gL ()15 DUME L) 58 4 3 A, PRI S H A R A A TR
F B 77 B PCR SE5G S A8 ) F5 K o AR5
Tk A 2 T A ke R N AR, B B 25
50 55 AE A O DA R 9% A A% TR T R AL R S

1 MMEF*®
1.1 w5519

Hi B 2F UAT B CMCC(B) 63501 34 I T v [ £
22 40 T A% K 2 P A o0 (National Center for Medical
Culture Collection, CMCC) ., Bl #) 7% (5°-3" )5 &
N : Primer F-CAACAAGGAGCTTCAGGACA , Primer
R-TTCACTGTGGTCTTGTCTTCC , Probe-FAM-TCATCGC
CCTCATCGGCATTGA-BHQ.,
1.2 FEEH

PCR ¥ #8350 [ 52 A4 TR (R ) A RA A 15
Jigi & K 515 31 (Tryptic soy agar, TSA) B 35 3 (%€
BD 2~ H 77 ) .
1.3 R

A= g AR B in g% ESCO A 7)) 5 T4 UVe-
LED ( 35 3% 70 % % UVC-LED 4% R 4%, H 4 41
B RERL A PR F]) 5 JT8-Y30W £ 4h AT 4 | BKS-
UV2016 4L HMNT 4 (185 72 A L AMT 4 5 1 1
KV (B T Mg R 20w ) s fE IR 3 TR 48 B0 HL (S
FERR A s EHY AL CGER) (EEMAAAFD;
RRE VR A A (P BEF TUL A7) .
1.4 J5ik
14,1 JHASTRI R A0 2% KO 5 28 T B

il % Ak B ZE B 0. 50x10°~1. 0x10° CFU/mL
AT B, 2 A PRER K 10100 fE5 R RIS, FHUEUE s A
1% E50 #4018 He TSA P-4z, FE 43 51 1 1% 4 4h
UVC-LED % & Y42 a5 AT (185 7= R A 4541
K14 (BKS-UV2016 ¢ ] 28 4 KT 45 Fil JT8-Y30W %5 4b

ST 4 BT 1.3.5.10 s F1 1 min, Y6 5 b 2 [A] B
B3R5 em, BN I E] SRR S AT SE S [T DL 2
K AT ] BRI A BB TSA SRR AE S % BEZH . #F bk
18 B TSA A4 B T (36+1) CHE 55 (2422)h 5%,
1.4.2  FASTRI 25 oh 3 o 2R 5 [N 20 A% T

il 5 B R Bk DR ALV W, TR YR B R AT IR Cu
H29 0 20 VR MAZTRFE o LI 2 L B FE S F 8
IKHE PCR #3645 p FE AR L T PCR U 95 °C
TN 10 min FEAT 0 5 BT 15 A 36 AL RE s
FHE LA E VR S cm AR IESF | min, [FAFE B A
L AT A HE ST Ak B 5 kg BE I o B, AN Jin 356 PR 4 %
TR R S R B X IR . A AR R 315 3 AP AT .
Xof T e HR 1 3R 2% A2 T A 0O i TR ) S A
— W R B OA 5,10 AT 30 s 5 kS .
1.4.3  FAIR A4 B 246 PCR =)

45 CtIEZIM 20 B PCR P28, FH 258 Tk Ik
10 135 i B, 43 50 W OB B¢ 10° 4% )5 1Y PCR 724 2 L
T 8 WEHE PCR U3 & b A & T PCR AU
95 CHNF 10 min HAT T4 T /5 19 PCR 74
B T AN LA ECTR 5 em 4 RS 1 min, [H]
A} 35 AN 8 AT o] F S5 A B A R 8O0 BHAPE X B4, R
BT PCR 7= 9 (0 B i S B M 6 IRZH . 2% S FE T AL 3
B3 AAT o X T4 R IR SR TR R f# PCR
PRI AR — T IR E O 55,10 s
30 s Jaak sl ik o 6 i JE G E] AT 0T AT 8K
R fift PCR =) 10 5 AP35 B, 1 — 25 3R 9 L X AN [) i
J& PCR =) I B i 505
1.4.4 50 & PCRY Y

PR 1 RE SR TP PCR 88 4y, il &
PIIKRZ , TEPEGE S PCR AL 914, 5048 .5 min
95 °C,305 95 C(AEME) 305 58 CiR k) .40 PR,

1 PCRY B4R ZR sy

Table 1 ~ Composition of PCR amplification system

# R BB/ L

514 (10 nmol/ L) R4 1.0
wEF 0.5

DNTP mix 0.5

10x Buffer 2.5

Taq i 0.2
EETK 20.3

J=838 25.0

2 HBR

2.1 S[RNE K 50 14 2R M B 25 M AT B A RIOR
AN TR 48 A0 e R IR A [R) R B ) A R ZE AT B

o B TFARFEERBOE LR 20 WER AT LA, Y

HESIFE] 2 1 min B, 2% A 5600 8 Y RE R KT 7

WV . IR R 30 s BF, HAT BKS-UV2016 %
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& b

JHEE AT A R 185 77 LA 52 AN T 48 RS 19 °F- B A
B VR, Hofth 3 2R Ah 4k R O G AR A R A
Ko MBI R 10,5 F1 1 s B, BIE A7 S840 3% B 1R
R AR A R R AR K H R &k UVC-LED
F2 5l AR G A R E AT

e BN 07 M TR T B D s U HE Y IR 1 s
B, A LED 2% 8 BRSO B 5 9% 5005 0 B 22 B 2 /)N
T 10%, i 4 4h UVC-LED %5 B 18 5t )5 3 7% 50
D iE ik 80%

B B B OB IREE AR S em)

Table 2 Clone forming units after Bacillus subtilis irradiated by 5 different UV devices (plates 5 cm away from light sources )

N B A T] I [8) /55 7 ¥ £ (CFU /L)

b ok B >
L ANE B R T 30~ o< . - Xt #E (CFU /L)
W) AR R INT 0 0 4 50 376
185 7= B SR AT & 0 1 6 66 368
BKS-UV2016 % JH 4 4MT 4 0 2 16 92 390 382
JT8-Y30W 4 AT 4% 0 0 20 110 360
LSS UVC-LED 35 & 0 0 1 17 65
2.2 N[AIE AR 5 Hh 2 i A firk 20 T A PR A A R 1) S8R F4 BEEEINUVC-LED MR 5 20 1 K 4 3 WA ) 1))

AN [) 55 A e B IR CGAH ) v B A o O TR 4 A TR
B 1 min 5, B98O E i PCR P73, & DR 5
Ct HTEDL R 3. PHMEXT R CufE R 20. 62, B Xt #]
>40, RIAR R LI KR LR ER . NE
T DUA L AE LED %€ & B8 E AR 5 Co (E B P
X HEAE i 22 5 ) <1, TR 2246 UVC-LED %€ & MR 5
Je R A C BRI BHPE X BRAE 2224 10,

F3 S EEANE E IR I 2L 7 UG PCR A B 45 5 O iR
FEAE K5 em)
Table 3 PCR results after genome solutions irradiated by 5
different UV devices (the tube bottoms 5 ¢cm away from

light sources )

A & i P X P X

S0 B 4 T BEAF 1 min 5 BHPEXTHR BHAEXT AR

Ct{H Ct{H CtfH
AWl AR NS 20.56
185 7= B S AN 20.73
BKS-UV2016 K F 4 4MT % 20.24 >40 20.62
JT8-Y30W £ 4MT 45 20.48
REHN UVC-LED % & 30.56

E— 5 R 2 4 UVC-LED 25 8 78 05 4 i) (1)
PR 4 it 20 o i RV A A TR A &5 SR L6 4. PHPEXS BR Ci
18K 20. 88, BF 4 XJ B8 Jy >40, 28 B 7% Yk 52 56 47 4 44
RMFM R . R AT LUE 1, i B G A ]
M RE K, Cu A 78 75 45 36 K, B 36 4 2 v A7 850BA
VI B AE B AL YN H R B AN R
2.3 AR A B B PCR ) A RICR

AN 8 A1 e i B G AR [R1 R B2 PCR 724 1 min )7,
29Ot E -’ PCR P, & DMH M CUETEILE 5.
PHAEXT R Cu B 20. 69, B X B8 Ry >40, 2 B A K
TR AR R KA IER . WNEHRATLIE S, IR
LED %% & HR 5} 5 #£ & Co {5 A1 BH PR X B8 #2022 7
Bi<1, M4 4 UVC-LED % % B8 5 5 RE 5y CofE
FH P BEAH 2224 7

E— 5 R 2 4 UVC-LED 25 8 75 3 4 i (1)

PCRY™ LR OLIRIEAE T S cm)
Table 4 PCR results after genome solutions irradiated by deep
UVC-LED with different time (the tube bottoms 5 cm away from

light sources)

] JEG S CUE
30 s 23.46
10 s 22.97
5% 22.76
s 21.72
B P e R 20.88
B 1 Xl >40

RS SPESME B IGT AR PCR W) )5 PCR M 4
OLIEEEIRS em)
Table 5 PCR results after PCR products irradiated with 5
different UV devices (the tube bottoms 5 ¢cm away from

light sources)

- WAT Tmin 5 BI4EXT IR B R
RO Cifi Cifi Cifi
W) AR INT 20.82
185 7= BLAA SR AT & 20.22
BKS-UV2016 % JT 4 4MT 4 20.55 >40 20.69
JT8-Y30W 4T 4% 20.79
REHNUVC-LED %6 27.56

P2 PCR =9 45 R 03 6. PHVEXT IR CofE
20. 85, [ 1k X} B >40, F BT AR R S50 9 46 7k R e &%
PEXEIE R o AR LUA Y Bl G I i) [ 1Y 4E
K, CoME7E B 1K, B B8 1A Z& v A7 200RE A ik
TEZ AW/ (H R EE AN K.

fE PCR S8 b, — Mk 2 CofEAH 2229 3 I,
R Ve B AH 25 24 10 A o MR HIE 3% 6 M5 L, k4
10 s 1 g RSB a] , 2k 22 U 3 % 25 A UVC-LED #¢
B AEA R EE PCR WO, 45 R W3R 7. £/
P X BB it 5 5 AR R R £ AR 3G, C (BB 2B 1
K, HLFIPEXT IR >40, 3 B A R S50 97 1 7K R K 451
BIIEH o IR AT LUE Y, 45 R 484 UVC-LED
£ I KE B R G R RE S A C B TR [ ik B Y FH
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#* 6 WESNUVC-LED 3 B M PCR ™ AN [F] i (] J5 PCR
PR OLFEIEE LS em)
Table 6 PCR results after PCR products irradiated by deep
UVC-LED with different time (the tube bottoms 5 cm away from

light sources )

BRI 1] (s ) B %) B BT CUA
30 24.60

10 23.83

5 22.88

1 21.72

FH 44 20.85
1Kk >40

T UWRESNUVC-LED 2 B AR [F W BE PCR 7 ) PCR 3™
AR BRI S em)
Table 7 PCR results after different concentration PCR
products irradiated by deep UVC-LED (the tube bottoms 5 ¢m

away from light sources)

PCR ¥ i B A5 5 MRS 10 s 5 CL il FHAEXT RE 91X AR
10° 12.69 4.91

10° 14.69 7.98

10* 17.31 11.29

10° 19.89 14.90 >40
10° 21.05 17.97

107 23.15 20.62

10° 26.93 24.41

10° 29.15 28.12

PEXS BEZH o Bl A 7 R 38 O, R R S
XIS B T G G D 22 [ 19 22 B 8 i)

3 it

LN T DNA s H A A= 9 o 7 40, A
177 35 B % KA A W B SR X — B AR T T B U
BET N, BEE LED R MRS,
UV-LED 78 Z M40k, ansR 57 K™ £ i 3 35
hRBL AL T L AN g, 3T LED
A KA A Wy 1 D B TR RE 2 45 DNA S5 A ) )
TR LEER TIRAMNE, B LR F
A% A R IR TR RIT AR figk A R ) THI P BE0%

AR B 5 35 BORG H2E BT B AR S H bR R R
J& TR RE B 1], HAT B A P | BE 0% AR A1 R
ANRIFBEAA SR R, A KA
FE 1 min W REAR ROR K H AR o bl 25 BRI ] 1
W TR S UVC-LED 2% 8 75 2% KON R 28 BT i 7
ARk B . W AN LR S
Bl RS TR R 1) SO T8 K B ST B R 32 B 4
Y BT R R KA W SR A R R Ak
KR 200~280 nm'>'>' . ASHIF 5T BF 8 FH B 5 48 Ak
UVC-LED #¢ 8 , HoAT 2R & 6K 270 nm, IE4F
IbF X R N . 5SS R A E IR
5 UVC-LED %& & H A [ P K M2 4T Bk R A 10
REi o GO0 5 A4 W R R 2 A RO R B

V7 AT R0 e IR P A0 55 o TR 484 UVC-LED %6 &
WKE Z2 A KT BRI TR BN, BE R 2
SB: R Y GRS e S R T T TN E ot = K AT}
PRI i BRI SR TR KA MAE T .
Hh R AN UVC-LED 3% B R A i o7 3 3 PR A 4
AL PR A TR B R 9 R R E BRI K Ok X
A A A H A )N B A R KA Y DR
Z—

TE W i i I 41 AZ R F1 PCR P2 O BF 55 v | I8 48
Ah UVC-LED %% 8 78 B G5 1 min P4 BP & B0 H AR 47 19
RO . BRI F %6 68 A R0 i A% W v B, fiff
73 Ct{H M2y 20 W F 1K % 30 A 27, B0 H M R B
1) B2 it 300 135 99% . H i PCR H2 AR LUH &5 R i
JE AT B AR R AR I K e R R B A
B2 U T BB R F B B R A Ak
AP G K2 W 45 2 A Gk A5 20 3z T
SR, IE & & R Bt PCR 080 % — R4
B AR S SRR LR E B R AR, B
XA YA AT ME LA TR o ABFR A A R R R 5
Hh UVC-LED %¢ & & B A% R R Be iy A A T B . Bl
& ST B R] Y U6l | A TR B A R R A TR
X AT REIFAEZe M . X AT Al 5 A% R 32 5t i AL B
A, HIER AR IR G I A% R T AR kR E R K
TE W BE W 24 A 25 R AR AR L R Y R SR K
R IR 1) TR S D K T B R R S ) 37 ) it
TR I WY o N Y 0 e o s R 1 K ]
M IE R EAFE A S, IR 4D UVC-LED
B H W H R ALGaN E R 9GRSz bl 45 4
PR I TR R Ak b kT 2R & G E AR, e 2 i
AER AN BE PR L, B A A S 1 RS B R
TRERAM UVC-LED 2& Bt BE X 4% 2 s i 405

SR A IR K A R B A A R R S e TR R
SEIEAH I B 25 50 IR R B 0 8K B R G 22 2
Ll I (AR 17 (| I o a2 & | I RS
UVC-LED 2 ¥ 7F 5 em Ab 58 £ 58 mw, 7F 30 c¢m
AbSEEE R 11 mwo ASWRGE B S S S AM G R Z )
(B B35 5 em , WA /N T4 22 04 /R I i (%2 /0
30 em) , ] UG R i 32 BI85 5 04 e I B, DT 4 1
I3 BT A A 58 0 2 e TR DX

B 2 B4 1 4 DL A R AR R v N TR
AR 7= A Yk 20 5 5 7 ) LR 2 R W R A A,
IEZREZ B E K, HERZ T BRI 4
[ D) — BT R e . AR S X 5 RO [ (1 55 4
BT TR S5 R R TRE SN UVC-LED 36 &
TE % O A B RN A% R 7 T IR 8, R SRR e
A% AR RN R 75 Y b BB R B K R B TR AL
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