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Abstract

Chinese herbal medicine has played an essential role in the Eastern culture, yet, people have also
been concerned about heavy metal contamination in herbal medicine for past decades. Though recent
techniques can identify toxic substances in herbs, the process consumes a great deal of money and
time. Thus, it is vital to come up with a new way to detect the toxins in Chinese herbal medicine. And,
the purpose of this study is to use E. coli as a bio detector to detect heavy metals in Chinese herbal
medicine.

Results showed that specific E. coli can detect copper ions in 6 out of 7 Chinese herbal medicines
quantitatively. During the experimental process, it was found absorption of heavy metal ions occurred
in some cases. To investigate in depth, EDTA was then used as a chelating agent to conduct ligand
exchange. And the results showed that EDTA agent can successfully coordinate with copper ions and
even trigger the production of fluorescence protein. Lastly, the bacteria in Chinese herbal medicine
and copper ions were examined via a fluorescence spectrometry. It was revealed that the dark brown
color of some Chinese herbal medicine will not interfere with the examination of the green
fluorescence protein produced. Moreover, it supported the fact that even though E. coli in high
concentration of copper ions may not attend a high growth, the fluorescence intensity is high enough
to distinguish between different concentration levels, and thus offers the viability to measure in
quantity.

Future studies may apply these preliminary findings and design a user-friendly biosensor product
that allows people to detect their Chinese herbal medicine by themselves. Furthermore, a more diverse
implement will be acquired. Different genes will be constructed to detect different toxic substances.

That way, consumers can obtain a much more complete bio detecting kit.
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a
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(&% & (Pipettes) ~ Tips ~ #EFIRIF G ~ HFE ~ HE - BETE - HERLE

—h;

B

g
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{h ~ BT ANERE

LT GRS B
—k%ﬁﬁm%ma—[
BT
R T} G5y B
R ET "
1 e BLRE
IR A
R P B ! - BRI
e ]
4 5 145 RSy B
| [RER SR
S
BT
 [EREERER "
IR I i
L Rt
E j‘b/)[L*EDE
PNt N
(—)  FIFR R 2 B T L L PR i e 2 B By e o VR BTt L
HY L 1~1.5ug HyETEe -
(7)) BB LR 20l B CEATRE(DHSalfa) FATIA0 FLAE A f e Ve 4 Akt ch S
5 4548 -
() GRS E A A0C BIEZ KR 90 F) ©
() e O G P A K T S 2 408 -
(1) oA 100~200ul #Y SOB BZ& ©

(7%)

R LVETRUA 37 C B E R e

HRLE 4 /NI o



() & Soul EEE ARG ZERREER > W HAFES & 1k -
UV  EERINEEREA SRR ERES A fEENEEEERA L -
(L) HoEsg AL A 37°C BEsfa i 16 /Ni% o

~ FLREETE ARG B Th AR A
(—) RS B 3%10 ppm/ 3%10 ppm/ 3*10 " ppm/ 3*10 °ppm/ 3ppm/ 3*10°ppm
() PUTFHIBC T 10ml HYE SRR

aEpt SOC NG| i EZHC e
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Excitation 470nm
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Gain Optimal
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Excitation 470nm
Emission 508nm
Gain Optimal
BER 850nm 850nm
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(H) BRI
1. B CEERER RS T B THEL 30 475
2. 18 Sul EROBAEREA | o 25 L3RR
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SeLLA] RO RERE - BEEIE SRR E

B P AT ROEIRLUR = A H e

fiee /AR HATRHER 3 IR BB CIER
. BIEKEREREOLEY

o v~

Vg~ ZEERE IR s (R 5)

(—) AT RIRE—EEEE 10ml (WEhHi4 % SOC Brgkd » E#H = 37C
FREAET > B S0rpm > BEEEALY 16 /N -

(Z) PERHUELFHY 10ml BFEEE H I Iml ZYEHTE IR 600nm HIRYTH & - &8k
1 -

(Z) e ERERER 0D600 = 0.5 ATEIAE R EL -

(I9) bR RE £y 3*%10°ppm

(F1) 1 EDTA Fifpk 210’ ppm

(N DAZIOKIAREMRE P MR - B — g g ihixies » IR TR

=

7K e
() LUTFIFR M iEm4H
ZEht SOC AGEE  RET &WE TERE EDTA
TAE 9.6ml 200ul 100ul 10ul 3ug 100ul
IE#EHI4H ” FrgE#E 7 7
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(/O % Ohr~4hr 4 30 73 #EHUH 2000l FYEDRSZE & Hh 4R BUEEsa R - F—HE
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A ZEAA L2y
SRR 5% 5
ERER 2mm 2mm
Absorption 600nm ><
Excitation 470nm
Emission 508nm
Gain Optimal
BER 850nm 850nm
HEREE 2%) 2%

(AR FEE)

(—) WEERAIMK KPP ETES - XRHAENTEEE 5 38) -

() [EIZRRF SR A S oF AR A 7K (49 500ml) » F = K& 42 5 2 g o
7K AR/ —=4 (%Y 200m) - [FEHRF P 855 2 & S FRUARIIIE L « FEHG K& —{E
/N

(=) RRERIBHEER  ETERERIEERT » BURKRRFAESRE -

() REEEET— R SECESREE T 411 HYRECEOS R o PRIFH 4°CUKAE -

()  PRE—FEEAE 10ml EIFi4A R SOC Frgikdr » E#H R 37°C BHEf
o BEEREE R 80rpm > FEEREY 16 /N -

(N) B REUELFHY 10ml REEE I B Iml 25678 - 600nm HYTRICR & - 408578
E
() KE—ERERELR OD600 = 0.5 FYEEIAEEEL -

0O DURFIZR R

}

M
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%

ST
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£ R IR
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Absorption 600nm ><
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Emission 508nm
Gain Optimal
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(=) [EEF 2.7% 10ppm HIRESSE -
() FAREFTHIEAFEGC) ~ ZRA9°C) ~ RGBT 0O)
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() NEEEERER 123 /NFHRIAT1EL 2000l FVERIELE RIS EE
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B NBEIE KRS B Y DO RE I

fE VU BB N KRR A R SEE TR T AR —BURPT R 2Ry 7y
SRR WA RENAERIA G2 EHE - MFFERRGOECEONVHES
FE—BRART 4 /N L REIEHIES > AJRE RN A Rr @ RS 0 B HYGHE > TSR
EEAHR AR BEE] TR A SR eI H I o R

] 71 2 PREL N ARG AR A RIS IR MRYEDERIR IR G
FELH R ADRVEDCEBSE R E BT > RERERE B B AR LRSI e T
A PSR TR K 3ppm HY B BadH T n] DUE H > KRG G & e el R Ry -
R SRR 3%10 ppm - MEAIS AR E LR - &AL EEER - 18
G E SR B ACu™ 1>=3ppm AR HETTHIE -

Growth Rate of Transformed E. coli in Different [Cu?*]
from 3~5 Hours

3hr 4hr 5hr

0OD600 by log2

Duration (h)
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BEREL R’ J7E=x IR BRE
esalkasl 0.9545 y=0.9808x-7.6416 61min
ELGHIAE 0.9761 y=0.7347x-5.1889 81min -——
B 3*10ppm 1.0000 y=0.6253x-4.7069 95min
& 3*10°ppm 0.9947 y=0.5795x-4.7284 103min
EE; 3*10°ppm 0.9969 y=0.6190x-4.7467 96min —
& 3*10"ppm 0.9984 y=0.5175x-4.3691 115min _
EE; 3*10"ppm 0.9964 y=0.6413x-4.7327 93min —
EE% 3ppm 0.9996 y=0.6959x-5.185 86min _—

40000.00 Fluorescence Intensity of Transformed E. coli in
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25000.00 E
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1000000 &

5000.00
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AW TR (E Y R EEhT - fEsS - 5 - B 86 - LEF ATy

HREEE > DU VOIS ~ DR 2 A B T A T SR R tR SRR A A R KRS

R e p R SR A DhRE R TE - S8R A ARy R A S Ry s BRI R A HY

R o 5T HIES

SRR H R ~ BF

ﬂt

/

L ET U~ DURIIRIE

HiGE N SRR BRI R o (BfEE S e AR RS A
HESEETIVEAE © IR RS 5 a RERY AR R = A & R M S T Ak
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Fluorescence Intensity of Transformed E. coli in & 2*
for 8 Hours in Different [Cu?”]

35000
30000
25000
20000
15000

10000

Fluorescence Intenstiy

5000

05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8

-5000
Duration (h)

B~ >~ A% #3272 Fépdp3 ¥ ¥y AR

[ 7N~ A [E R 2 AR E AR i s 5 T AR R

Growth Rate of Transformed E. coli in Different [Cu?*]
in = 2% from 2~4 Hours

2 2.5 3 35 4

0D600 by log2

Duration (h)

[~ A E SRR AR E AT R = 5 Ay E e R
st — ~ W5 ERPEONE R

BEhiEAs | IEI%EFIE EgkgalkEl B8 3*10"ppm EES 3*10 ppm

e ——--

BEEEAR | 5 3%10°ppm BEE 3*10'ppm | BER 3*10°ppm 5% 3ppm

BE
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0OD600 by log2

Fluorescence Intensity

Growth Rate of Transformed E. coli in H & in Different
[Cu?*] from 3~ 5 Hours

3 3.5 4 4.5 5

Duration (h)

[/~ A [E R AR AR A H AV AR ER

Fluorescence Intensity of Transformed E. coli in
Different [Cu?*] for 8 Hours (H &)

35000.00
30000.00
25000.00
20000.00
15000.00
10000.00
5000.00
0.00

-5000.00

-10000.00

Duration (h)
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19



0OD600 by log2

Fluorescence Intensity

Growth Rate of Transformed E. coli in ‘& & in Different
[Cu?*] from 2~4 Hours

2 2.5 3 3.5 4
2 -— =
3 -
-4
-5
-6
7
Duration (h)
B~ A [EI SRR 2 B REE KGR R AL & B P YA R 4
Fluorescence Intensity of Transformed E. coli in
Different [Cu?*] in & &7 for 8 Hours

30000

5 55 6 65 7 75 8

Duration (h)
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Fluorescence Intensity

Growth Rate of Transformed E. coli in $&1afin Different

[+ ~ A [l TR 2 BN KRR B

Fluorescence Intensity of Transformed E. coli in
in Different [Cu?*] for 8 Hours
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5000
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Duration (h)
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Growth Rate of Transformed E. coli in Different
[Cu?*] in f[Ibk 28 7 5Y for 8 Hours by log?2

0.D 600 (log2)

Duration (h)

[+ = ~ [l TR 2 B NIRRT B AL DR A Y P Y AR i 6r

Fluorescence Intensity of Transformed E. coli in
Different [Cu?*] in Ik 2E 35X for 8 Hours
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Growth Rate of Transformed E. coli in Different [Cu?*]

0.D 600 (log2)
N

-2.5

[ il

25000
20000
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Fluorescence Intensity

-5000

[+~

in Z.E T for 8 Hours by log2
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Duration (h)
~ AN [E el R BRI ISR AT LA Ay R iR LR

Fluorescence Intensity of Transformed E. coli in
Different [Cu%*] in ZZE.+-for 8 Hours

Duration (h)
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Growth Rate of Transformed E. coli in Different [Cu?*]
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