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B E RS SR T AR AL (ICP-MS) BF 58 15 37 3 Hh 7 JC 28 Wk 132 78 1k 3f g 1R 7L AT 1 A K T B Ak Y
Ho A T8 R WOBOIR B0 B 52 0 5 DT A v TE L TC 3P  AR RE TR BE T R  E R FL AT T AR K B o R W i
TEHLH] . AR RRFLAF I SO0 4 e e Al . DISTR BE NI T R . WLEEHE 95 W vk 3 78 1k T S B8O WE TR 3L AF
WK, SLIE 7T AR, A 6 AN FEATHM . BRI E N 0~1 200 ng » mL ',
AL R BE [E] B 200 ng » mL ™', HH 0 ng « mL ™ 4L RD A X BRAL . AP R RS A S AR5 1% X (ICP-MS) )
FE B RN B TR FLAF B R R (Zn) L B (Cuw) . B (Fe) i (Mn) 4§ 43 MO M & & FH 40 66 B TH I g g
FAFHE R OD{H, W H A K, F) ] SPSS20. 0(Statistical Package for the Social Science 20. 0) 48 i3k 4
X AR 1) S B BB AT BT 0T . B SR TD Zo YR AR AL 23 51 R W TR LA T AR K O8N, TE Zo WRE N
600 ng » mL "I R R0ON; e WY S o D B B0 PR P9 T AL T R VR BE R AR WU . TR N L EE Se I Fe 1E 1Y EB
S3A 1 JCFR & ik WA A AR A R B BRI T, Cd SEA IR B0 E R AR . RE DG4 AT R . B Ses
U, Fe, Al Ti, Sb, Ba, Mn, Co, Zn Fil Sr(4i i 2~10 h # { AR ¢ R B0 b 5 B HE D 11 FloT F 9 & 4
OD HZ (B A AW AHSEE . b U, AL Ti Fl Sb ARG, AR 7 MOCE R IEMSE: BRI E P Se,
Sr, Al, Mn, Fe, Co fil Cd % 14 M TR & = 5 R PH TR & #AH A ST 3 L (p<<0. 05) . HFRil P8
TC R FEAR A S il i v R LT T A K, RIS, B R R TR A NI RE A EICR TR
s B AR TR 5 A H IR A 0 T s/ R B R W T TS0 W TR FL T B AR R R (Y FE AL .
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FREE KA R VE T, IF AR ICP-MS JUE 45 Fions . LA
At S AT A T AR . N2 0 R R TR X R FLAT B
AR AR I TR 4L R AT RE R BILR]

e

1.1 #Hp5XEE
1.1.1 &% 4%

FE SRR A 45 B T R AL (ICP-MS) ¢ 22 [® Perkin Elmer
Sciex A7, ELAN DRC 11 ; 486368 (% . HITACHI /A H,
U-3010,

1.1.2 2K A

(D) BT R AR ER W

Zn, Se f1 B %%, ¥ . 1 000 ng » mL
A ) B AR A A G

(2) R B

Rh(1 000 ng * mL™"), In(1 000 ng * mL™"), Re(1 000
ng - mL™"), T E KA 648 R EF AR BT

) b Y i

O (GBWI10051); AN & B 45 45 B W8 #E ¥ TR
(GBW09101a) 5 A& IS4 B 4 BT (GBWO09101b) 5 ZE 4y
BT A AR HE Y

(4 41 B B P

PR FLAT I : CGMCC 455 1. 1878, Wy H [ % 3@ fi 4=
YRR R H AL
1.2 A&

(OS2t 5404

SCEGLEE 1 AN XERRAL K 6 s dl. FEA 6 A FATRE
BEFEW T Zn W BE 4y Bk 0. 200, 400, 600, 800, 1 000 #l
1200 ng« mL™ ", FfIBAIKERE 40 mL, Bl 58 G = i
Kui#H.

(2) WG TR ZLAT P 15 3% B LR B 1 )

ALY I E R LA W A, 20 66 AT 600 nm i
w# H WG (OD ) . 1 OD {Hfa & 76 120. 05 i), HUAF &
(100 pL) G AL I HE RN TR Zn ¥R LY MRS B34, & T
37 CHHIRER (100 r « min D EEFE, 5 2 bW 58 B 57 4%
5, EREWR 2 mL BRI TE O, FIRES G, 0.6
mL 7 OD fH . I B A 48 SRRy Zn vk BE £
F—2G B4 L4 mL @805 5 LR EUE P InA
1.4 mL B 2% i I (PBS) B IR R FE VR . B LG 3 L iF
W, MHEEL LARSRE, FUOED P MA 100 pL WA .
N HAL 12 by AR T —4 CCURFEIRAE . FRlL,

AR S AL B T 2 D

2k 3R BEA . BIO AL, ICP-MS (2% 2 50431 51
TR 153,

FHARAE Yy B kAT B 42 R0 . W ORRE A T AL B R A 0 i A
AT EEE S UERR M 7RI BRI N AR, DUBLIE AL AR 5
B, X TR EE AR EM & RS, R —
UG W LA E .

LT EZEA G

R1 SREETUFESH

Table 1 Spectrophotometer instrument parameters

Instrument parameters Numerical value

Measurement type Photometry
Data model Abs
Number of wavelengths 2
Wavelength 1 600. 00 nm

Wavelength 2
Gap width 1 nm

550. 00 nm

PMT voltage automatic
Automatically change 340. 00 nm
Baseline correction User 1

Path length 10. 0 mm

R2 BULIMNESH

Table 2 Centrifuge instrument parameters

Instrument parameters Numerical value

Centrifugal force 6 000 g
temperature 4°C
Time 5 min
Speed up Level 9
Speed reduction Level 9

R 3 ICP-MS (£S5 H

Table 3 Instrument parameters of ICP-MS

numerical number

1150 W

Instrument parameters

RF power

1

Plasma gas flow(Ar) 15.5 L ¢ min

1

Auxiliary gas flow(Ar) 1.8 L » min—

Nebulizer gas flow(Ar) 0.97 L« min !
Pulse voltage(Ar) 950 V

Resolving power 0.7~0.9 amu
residence time 100 ms

Sampling uptake rate 1 mL *» min—!

Reading 10 sweeps/1 reading/3 replicates

BV I AL IS (0 20 T A VKA IO JS . =R T R R TR
AR AL 0. 1 mL) HER A 0.1 mL IR 45 P45 (Rh:
20 ng + mL 2 ng» mL ')F 1.8
mL B4R, ARG E.O, WE LR TR & =
1.3 HIESW

SR FHH 52 0 S BORH A3 A O ik LA L] OD fH TR &
HEF, TR ES OD (H Z A 4 X 1R ] Spearman
SYHT s £ TR B e (8] (AR S SR A A OG0 B . DA BBt TS
B BBE M p<<0. 05 I N 2R HAGIT#E X,

', In: 2 ng *» mL ', Re:

2 #ZRHHE

2.1 InREMNEBRIFEIEREENZIN

BB 2 h W — R ERRFLAF T T OD fE, KRR 7L
FREARKME, E 1 AE 2 iR, BEERFR Zn ikE -
Tt WEERFLAT A A K B B W B R TR SR P AE Zn YR
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7600 ng « mL WA B R ORAE s BEAE Zn WREE AR SR 0, 1
T2 LA VA A= A 100 052 I WS 38 32 T D80 55 5 24 Zn YR B L B
1000 ng » mL™"H, Zn X% 18R 7L AF B8 1 A2 1 T 8040 i 4L
M. X 5 F 496 F B Hormesis 2500 AH 8L, BIIG ) & 42 9F
F B AR, Zn () e T BE S AR AR R R . K
G, FeRomG. HANG. EHMW. 5085 S 588wl 1E
JHA G, B0 T 5 7R W A 4 R AR I AY T S B K
AHEPEARLEZ R, UK EERIE N TR . AT A &
M 2o $i8 R G, HLARBUL R Zn*" O,

BEHE G T Zn BEPERF ST £ 46 v 7E X 3 W HL AR 4% 7 T 1 75
YRR . A et By Zn iF . & B aEIk . X1k
ARG BMARG. ARG RGE S EEEAEAD, SR
Zn R S LA = AR B RE ), 6 4l B B SR
0 B 3 — SR AT R ML IOk R BR AR B e R E
FEEAFESN LN B S WU RS 45 A LT . Bkl
il B RE S 4 7 B Zn b i S X o R 2L A B AR K 4 4 )
fEHA .

AR B, BRI HES Zo B P A RKIIZ
SH U FERE 2), 78 Zn ¥ N 600 ng + mL™" A 3 35 10
S X — 55 X TE VB R FLAT B B SR TN T 3R D4R
HAERKEERESENHE.

T HOEL 600 ng + mLT Zn ¥ BE 2 55 % IR ZH 7E £ I )
S OD . 3RA8 T A S Zn X5 W8 IR FLAT 3 4 K Y B K
S B B L3R 4) o 1A S (0D, — OD X ) /0D
PO

1.2
1.0
0.8
O 0.6
—&— Control group
0.4 —#A—400 ng/mL
600 ng/mL
0.2 1 ——1 000 ng'mL"'
—+—1200 ng'mL"
0 T T T T T
2h 4h 6h 8h 10 h
Time

1 BERIAFESBSILEAEKHEZE

Fig. 1 Lactobacillus acidophilus growth curve of partial group
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Fig. 2 Growth curve of all groups of Lactobacillus acidophilus
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Table 4 The maximum stimulation response of

zinc to Lactobacillus acidophilus

Time/h Stimulus ratio/ %
2 41.7
4 41.3
6 25.7
8 11.8
10 17.2

R FLIF I WK% 0 R & &5 OD {H #17 Spearman JE 5 ${
AR 5 BIR, Zn, Rb, Ti fl Ag AT it 5 46
[ S Gt 278 L, Se, Sr I Sb 7E 4 4NHEE] 5 A Gt 2
H X, Al, Mn, Fe, Co, Cd #l Ba 7£ 3 A~ 0 [H] 23 A S8 112 &
X5 2~10 h BMAFHTEE 5, B La LASh, HAT R M & 4
5 OD HWAH X REF R A SIS 2 L. R S MRMWE
#|, Se, Fe, Mn, Co, Zn M1 Sr ZE A XS HEMEYS ODEZ
] IEAHE . Wi U, Al, Ti, Sb ol Pb %45 % 50 2 ) 4 7 4
Ko FREREFRHE BRI A EREE SEENAHZITE
A F IR SRR, IFd s/ v DU R B0E
FLAT B AE 1< B 52 T M ZE DL RIIR 15 38 3R 19 Zn T AT
VLRSS 45 0K PR A 35 D0 3 1 W i, 3 3
AR ALK . FR BT — 2 S5 LU IE

S ODEMANG T, SofE S RAFE P& TR
Y Zn & E ] 0 AH G M R A5G 43 BT 4 R AN 3R 6 TR .
Cu, Rb, Mn, Se, Sr fil U 7¢ 4 WA S A Gt %5 X, Fe,
Co, Cd 7£ 3 B i A Gt 5 X5 Cu, Cd, Mo Fil U i 7
HB 43 i (] 5 2 A 96 . L A e ) i B I Al o6 33 O IE AH 2%
Zn 5 Se FHEZAMECRECH 0. 726, Zn 5HATRHE X R
BAT 0.4~0.6 ZJH],

®5 RNESE5ODEHEXIMER

Table 5 Analysis of correlation between element content and OD value

Element 2 h 4 h 6 h 8 h 10 h 2~10 h
Zn 0.321" 0.466** 0.437** 0.529%* 0.685** 0.423"*
Cu 0. 269 0. 252 —0. 243 —0.225 —0. 185 —0.327* "
Rb 0.545"* 0.647** 0.457** 0.679" " 0.671"* 0.528" *
Pb —0.523"* 0. 029 —0. 065 —0.076 0. 268 —0.481**
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La 0.234 0.455"* 0.403"* 0.095 0.092 —0.016
Ce —0.338"% —0.398** —0.399* * —0.101 0.278 —0.356" "
Pr —0.184 —0.136 —0. 264 —0.207 —0. 087 —0.406" *
Nd —0. 186 —0. 27 —0.272 0.192 —0.02 —0.466"
Sm —0.133 —0.125 —0.254 0.166 —0.13 —0.408" *
Eu —0.168 —0.213 —0.309" 0.193 —0.116 —0.130"
Gd —0.263 —0. 308" —0.322" —0.010 0. 088 —0.466" "
Li —0.421"* —0.159 0.130 —0.033 —0.065 —0.338" "
B 0. 181 —0. 245 —0.113 —0.278 —0.317" —0.200"*
Al —0.251 —0.466" " —0.494"* —0.288 —0.506** —0.557"*
Ti —0.556"* —0.449"* —0.472** —0.387"* —0.579" " —0.552" "
Cr 0.199 0.136 —0. 245 —0.100 0.138 —0.278"*
Mn 0. 160 0.374* 0.409** 0. 257 0.301~ 0.512**
Fe 0. 265 0.397** 0.311" 0.188 0.332" " 0.569 " *
Co 0.072 0.321* 0.513"* 0.116 0.391"* 0.439"*
Ni 0. 186 —0.321* —0.464"~ —0.078 —0.276 —0.404"*
Ge 0.084 —0. 267 —0. 251 —0.058 —0.151 —0.439*~
Se 0. 268 0.468" * 0.599 " * 0. 304" 0.342" 0.656" "
Sr —0.313* —0.371"* —0.476* * —0.224 —0.641"* —0.307* "
Mo 0.129 0.026 —0.335" —0.023 0. 184 —0.321"~
Ag —0.455" " —0.715** —0.791*~ —0.538"* —0.449** —0.593**
Cd —0.595" " —0.443" " —0.164 —0.228 —0.394* " —0.364""
Sh —0.531" " —0.352" —0.456"* —0.516"* —0. 240 —0.540"
Ba —0.361* —0.502* " —0.302~ —0.184 —0. 180 —0.540"
Th —0.135 0.029 —0.214 —0. 049 0.032 —0.303* "
U —0.714** —0.475" —0. 544" —0.294 —0.677" " —0.585" "
e ox o« FORTEEFEECRD S 0. 01 BF, GKE 8 E ARG « o7 B A UID g 0. 05 B, GRBIAHE; “ —"RARHAK .
X6 HAENZIn5EHGATELERXRIWMER
Table 6 Elemental content-Zn content correlation analysis results
Element 2 h 4 h 6 h 8 h 10 h 2~10 h
Cu —0.389* —0.416* —0.051 —0. 547" % —0.184 —0.406"* *
Rb 0.441~ 0.884" 0.689"* 0. 295 0.523** 0.562**
Pb —0.033 0.043 0. 259 0. 242 0. 360 0.159
La 0.023 0.079 0.461 0. 328 0.099 0. 149
Ce —0.079 0. 254 0.236 0. 342 0. 205 0.110
Pr —0.142 0. 065 0. 036 0.013 0.311 0. 090
Nd —0.138 0.179 0.074 0. 050 0. 335 0. 089
Sm —0.055 0. 066 0.014 0. 008 0. 294 0. 141
Eu —0.018 0.135 0. 009 0.033 0.271 0. 107
Gd —0.137 0.243 0.212 0. 254 0. 335 0.175
Li —0. 006 0. 000 —0.066 0.176 —0.135 —0.058
B —0.021 0. 045 —0.082 0. 049 0. 330 0. 005
Al —0.076 0. 313 0.501** 0.311 0.441~ 0. 277
Ti 0.128 0.239 0.006 0. 237 0. 348 0. 232
Cr —0. 057 —0.031 0.128 0.276 —0.163 0. 052
Mn 0.013 0.485" 0. 340" 0.492* 0.480* * 0.468" *
Fe 0.053 0.518"* 0. 550" * 0.458" 0. 146 0.508* *
Co 0.015 0. 085 0.518"* 0.723*~ 0. 254 0.437**
Ni —0.024 0.788" * 0.610" * 0. 210 0. 237 0.217
Ge —0.038 0. 326 0. 060 0.115 0. 005 0.110
Sr 0.117 0.822** 0.925* * 0.938* * 0.680* * 0.511*~
Mo —0.079 —0.432" " —0.193 —0.412*~ —0.056 —0.432"
Ag —0. 250 0. 044 0.091 0. 250 0.243 —0. 005
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Cd —0.010 —0.398~ —0.617** —0.314 —0.558" " —0.594* "
Sh —0.013 0.640" * 0.272 0.446" 0.162 0.398*
Ba 0.026 0.526"* 0.330 0.484" " 0. 254 0. 311
Th —0. 247 0. 051 0.101 0.103 —0.036 —0.035
U —0. 080 —0.593" " —0.587** —0.524"~ —0.652"" —0.426**

e ox o« FORTEEFE CUID K 0. 01 WF . K F R F AR « FRRTEEAFE URD Jy 0. 05 B+ IEBIAHKE; “—"RA MK,

600 ng + mL~ " 35 B IR K (E . (2 BFFRIE PR Zo o] LU AT
34 SR FLAT AN A 1 5 FHOCR MO, AN LT R
{19 PV B F 2 Zn TR T R L AT TR A K R A T A AL
MR S I 45 R AT I T EZEE . (DRSRRCP Zn 3k .
JBE A2 Al 23 X WE R FUAT BR A 7™ A AR, R AE Zn MR IE
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Effect of Zinc on the Growth and Element Content of Lactobacillus
Acidophilus

ZHAO Qian-gian', YAN Lai-lai"*, XIE Qing'?, LIU Ya-qiong"?, YANG Si-yu', GUO Chen', WANG Jing-yu'*"
1. Department of Health Inspection, School of Public Health, Peking University, Beijing 100191, China
2. Life Elementomics Laboratory, Medical and Health Analysis Center, Peking University, Beijing 100191, China

Abstract To investigate the effects of zinc concentration on the growth of Lactobacillus acidophilus and other elements in the
bacteria by inductively coupled plasma mass spectrometry (ICP-MS). The potential mechanism of growth and elemental absorp-
tion of Lactobacillus acidophilusafterzinc interventionwas investigatedon the re-equilibrium of inorganic elements in the cells.
Lactobacillus acidophilus was used as the experimental bacterial strain, and elemental zinc was used as the experimental element
to observe the change of growth rate of Lactobacillus acidophilus caused by the change of zinc concentration in the culture solu-
tion. A total of 7 zinc concentration groups were set up. and each group of 6 parallel samples had a zinc concentration ranging
from 0 to 1 200 ng » mL.~'. The concentration interval of each group was 200 ng » mL ™', and the 0 ng * mL ' group was the
control group. Determination of 43 elements such as zinc (Zn), copper (Cu), iron (Fe) and manganese (Mn) in culture medium
and Lactobacillus acidophilus by inductively coupled plasma mass spectrometry (ICP-MS); The photometer measures the OD
value of Lactobacillus acidophilus and monitors its growth rate. Statistical analysis was performed on the obtained experimental
data using SPSS 20. 0 (Statistical Package for the Social Science 20. 0) statistical software. The change of Zn concentration in the

culture solution caused the stimulation effect of Lactobacillus acidophilus growth. The stimulating effect was most obvious when
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the concentration of Zn was 600 ng » mL~'. At the same time, the concentration of inorganic elements in the bacteria changed.
The bacteria included Se and Fe in the bacteria. The content of some beneficial elements in the interior increases with the increase
of bacterial growth rate, and the content of harmful elements such as Cd decreases. Correlation analysis showed that the content
of 11 elements in Se, U, Fe, Al, Ti, Sb, Ba, Mn, Co, Zn, Sr (arranged from high to low according to the overall correlation
coefficient of 2~10 hours) There is a good correlation between OD values, in which U, Al, Ti and Sb are negatively correlated,
and the other 7 elements are positively correlated; Se, Sr, Al, Mn, Fe, Co, Cd, etc. in Lactobacillus acidophilus The content of
14 elements was significantly correlated with the content of zinc in the cells (p<C0.05). The change of zinc concentration in the
culture solution will stimulate or inhibit the growth rate of Lactobacillus acidophilus. At the same time, it can also up-regulate
some beneficial elements and down-regulate the content of some harmful elements; the rebalancing of beneficial and harmful ele-
ments in the bacteria Perhaps the potential mechanism by which zinc in the culture fluid changes the growth rate of Lactobacillus

acidophilus.

Keywords Zinc (Zn); Lactobacillus acidophilus; Stimulating effect; Inductively coupled plasma mass spectrometer
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