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WE  7¥ Britton-Robinson (B-R)ZZ Ml Y, FIHERFZ KM ctDNA RV WIE B 1K pH YEHE 1.9~2.1. Rk
BHEME RRS U, EATEA MR ERE, HEUR I 7E 200 I 370 nm UL, i ctDNA FJ RRSIEZE 310 nm 4b. 7
IR S A PR L RRS B 58, JEAE 375 nm A4 B K B0, ELA AN TRIRE BE RO 208 RO SO 8 i, (R BA
T BOR I, I CUPTE TR, Cu?T SRR S PE 5 K DNA JEIK = e &1, IR K 80 RRS HE— 20 | 14,
i H RRS i ésa {5 DNA RS IEL, Hia T DNA il BE B & RBUE, SLixt otDNA K R A 9.7
ng/mL (RFSV-Cu*"-ctDNA 1A R). SCHIIFFE T =GR AW N (S P4 E RIS i D 2%, STk Y & J8 T —FH RRS
HAM & DNA [R5 7.

RERHE LR Rayleigh HU; iR, FIMEFE R, S04

Resonance Rayleigh Scattering Spectra of Rifamycins
Antibiotics-Cu(ll)-Nnucleic Acid System

YANG, Ji-Dong®™®  CAO, Tuan-Wu°  LIU, Shao-Pu*?
(* College of Chemistry and Chemical Engineering, Southwest China University, Chongging 400715)
(* Department of Chemistry, Yangtze Normal College, Chongging 408003)

Abstract Inthe pH 1.9~2.1 Britton-Robinson (B-R) buffer solution, rifamycin drugs such as Rifamycin SV
(RFSV), Rifapentine (RFPT) and Rifampicin (RFP) could react with ct-DNA. These rifamycin drugs them-
selves had dlight resonance Rayleigh scattering (RRS) spectral peaks and analogical spectral characteristics
with RRS peaks at around 290 and 370 nm; meanwhile, ctDNA had afaint peak at 310 nm. The RRS intensity
was enhanced obvioudly after the drugs and DNA reacting with each other, which indicated the formation of
new products for the maximum peak appeared at around 375 nm with dlight red shift. Then the Cu(ll) ion was
added into the system to form a ternary system, and the RRS intensity was enhanced significantly, when the
enhanced spectral value was directly proportional to the concentration of the DNA. Thus a highly sensitive
method could be obtained for determining DNA and the detection limit of the experiment reached 9.7 ng/mL
for the RFSV system. In this work, the optimum reaction conditions and influencing factors were investigated
and a new method for the determination of DNA has been devel oped by the RRS spectra technology.
Keywords resonance Rayleigh scattering; nucleic acid; rifamycin drugs; copper dichloride
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2Pk BT 5, W IR A3 R ) VF 22 B 25 49) 45 LA
DNA SR 2280 5, 8 540 i DNA K AAHE.
VERIREIR L 2k, HE i sgma JE s 5 R IE 1 ThRE, &
P HU G TR T B ek 2 254 3 B S IR R,
AT U 0 7 259 5 R R AR HAE A 3 A A
KT 25 53 1 R4 e I RIE T AR R ) = Jo Ak
RIVAIMIT, BT 7505 2 2 Fh R 20 N A 2L 25
HIEH, WA ST TR N IRV T 2 R ok o1
MR A EAR

FA 7 2 K (Rifamycins) 25 W) 2 — R R A 2 3128
WPUAER, ERERIT AR E LY. R
i WO AEY), BIF4E R %% SV (Rifamycin SV, fRifx
RFSV). 45 T (Rifapentin, f#i #& RFPT) FlF 4 1
(Rifampicin, fajfx RFP). LT HLELEHIH]52 DNA 1§
T RNA SRGEl (5 sk i) 1 S 1 Th g, ATRA mRNA
RS2, R EE MR LTSRS K
ST HEAEH IR OO Ed Rl IRIRE 2. 292
HURIFEEL . R R0 S A0 T SO, QLR A
AT WO R 2B [ ikl
SEfR AN BOHERY A R 8kt %
Rl A E AR R H A 2 O iR R 2y O VR
RAGD T HSRIRNE G N, UURA SRS FMAM
FHELAE AT AR R IZ IR R 25 e i Ak . Re e JL
LS I A% B 5 A LSO T R A A K2
PRIGJE Cull)ss 1 58 Y i — Jo ik & I AH AR,
AR of LA Fid FHSUR (RRS) O 18 4 5% i) B 43 4 2 H )
9T H AT VAR WARE. IR 2 SV(RFSV). FlAamE |
(RFPT) Rl 4 °F-(RFP) — 3 [ SE A G /AL, A AE XK
B R A A, 5 RFSV b2 H 51, MifE RFPT
HIRFP I8 35000 = 2R IRE A, HAESS A g
JE(RFP) 51 [ IE(RFPT), W05 P9 35 1R 25 44 L 58 Ry AT AR,
FCPRAL PR REAHAT, KSR 22, a2 A, W
L RFSV (P61 2 k. R R R ARG L5,
CATT S RE IR SN e X W% B WSO 1 1) B AR Ak,
D] 3 1 FH R PR =T WL 23 66 B v R 9 4y e
EEERH TR, 4Rk, RRS Gt AW 24 1 5%
P2 2 ) (R AR LA PR A T B i 419 g sy
Yoy AT ). BKIEH . S L& 4T
BIRFAR I, XOMANE 8 & PR S —Jok R, Kl
A% TR R AP KR A% R A 5 o 2 g A 0 33 A8 A ot
F WG T, ISR RRS U] 4 56 A
RRS SGil ek a8, Hik RRS (K3X—28 4kt Ay iF 57 Fll 45
FHERAGY SR &S T2 I =704 & 1A
HAERANE T 4. WF5ER I RFSV, RFPT fI RFP A £
AN RRS i, e ITERRMEA I 5 LR e Y.

TESEs G =it 5 L I R HUR 3 3 = AR B i
RRS Jtilt; AN CU TR Itk &R h, MEE RRS
JEIHE, B0 = e R R AR B FH A SR A, RO
WA LA, FIAEZEE S DNA JE ek R 24
ARG LR, WA AL gE 4, T Cu® WITE j&
SIREAY), AR SERRSEIN, HIER K RRS ik
SRS DNA JREEIELL. ACHR T RIS ZMNE)E
B SRR AE RV IR, BT IR RRS
JGIE R I . PR CE B TER 2. & E T
SBIERNIEE, &4 81 M1 KF BT 25
FAE RS E 2 1045 B, UL RFSV I cu® FIE
TREFRF, FIH RRS e iydal e 4% w2 A R v i R i
FER RGP Bk, DRt o R I s I e it T —
PRI R A TE . PRI BT T

1 SLIgEsy

1.1 XFE5RF

F-4500 Y75 )% 43 606 B v (Hitachi 2 w], [ A),
U-3010 55k 0] W43 OO0 B8 i (Hitachi. 2w, H &),
PHS-25C U i R 5 (iR T A 25 R 2 7).

BRIV f 4 DNA (Salmon DNA, #3573 )./
-1 it DNA (ctDNA, H3E2AR))H T ZIRAEMK, HE
WREH 260.0 nm AL WO FEAf e, AR WK EE 50.0
ng/mL, & T 1~4 ‘CUKA PR A7

B-R ZZ%i: 0.04 mol/L HyPO,, HiBO, Fil HAC 5
0.2 mol/LNaOH ¥ % — e Lhfili &, FRAN[H pH {H
HIZE P, HIREE VR IE DL pH {i. 0.5 mol/L ) NaCl
IR RIAA 2R 0 B R

FlkEd: 2 SV(Rifamycin SV, H1E 24 5 A=Wy s
JEJIT, ARUE D 99.9%) ¥ T IR ZE VR, BRAE WK S
35X 10 ° mol/L; F 4 F (Rifampin) Al A 4 w5
(Rifapentine) (ALKt 25k 22 7], 4k 99.8%) 4% 171>
(Y AT, KRR, kSO R N 5.0 1073
mol/L. & ALHI(CuCl,, sr#ral, =P A7 2 \l) H K
FClpR 0.1 mol/L ¥ B (il £, LA B A a8 7e 8
I KRR BTk . R FIA o dral, sei
FHK Sk — IR &K
1.2 SKEHZE

£ 10.0 mL L i e, KA 2.0 10”° mol/L F
1A 225254 1.00 mL, pH 1.9 [#) B-R ZZ ¥ 1.50 mL
H1 2.0X10°° mol/L Cu?" 1.00 mL, AR SR AZIRVAW,
KRR ZIEE, $25, T2 O6EET E A=
Aex J7IEAT RBP4, SR 5 70 5 K BURB A A I e
wn A [ N 98 |rrs % Loy AT = lrps— b
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2.1 FIEBHELBYHI CU™ 5 DNA =TIKFAH RRS
FALAFLE
2.11 DNA #=#)iaF % £ 254 (RFSV, RFP f= RFPT)#9
RRS ik
CtDNA WL {0, RFSV, RFP fil RFPT 254452
R IR DAZ IO, 7F pH 1.9 i), DNA FIF 45
FRAWINE IS RRS i, Wik 1 iR, otDNA
BRI FRUE I RRS G, 11 AR 2 32 8 25 1 A U
) RRS Jtl, JLUA7 AT SR E (Ima) 51 T3 1 11,
250

200
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Irss
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50

0

T T
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B 1 FIfEHERELAY I tDNA 1 RRS G
Figurel RRS spectraof rifamycins drugs and ctDNA

Concentration of ctDNA is 1.0 ug/mL; of drugs are 2.0X 10 >mol/L. 1. RFSV,
2. RFP, 3. RFPT, 4. ctDNA

T T
250 300 450

212 FligEEE%MmE DNA — Uik 4 49 RRS K
76 pH 1.9 I, AR =K 24 DNA 1EHTE A&
“ICHE AW, DNA [ RRS Gl g 2, 251 RRS
JeREAT T, WEALAS SN, B4 TR RRS G
(LI 2). IK2K259) 5 DNA — 0k & 1 RRS G E4H1iE IR
FIFE 1 . SRR, KRR RRS M in L
CIDNA ¥ 3 J5 38 ik 5 2B PEAH OC, 4l b mT 3 H 90 e
DNA [ B, (HIL R B AN .
213 #li@EE£%4H-Cu(ll)-DNA =4k % 49 RRSE
#

7E pH 1915, Cu”' 5 DNA 55 R4 55 22 K 2 41

REESIE RRS SGIlA FTAE, 14 Cu™ InEIF s %
K2 E DNA I otk R, KR RRS GG SR
W5, JFr R BN RRS OGS, UL = HAH EAEH B T
—uEEY, WK 2. HEFLEH, RFSV, RFP I
RFPT il Cu*" 5 DNA JE = 0 E W), H RRS 4%
bt DNA B3GR 3G 58, SR EIY & FSV-Cu(ll)>
RFPT-Cu(ll)>RFP-Cu(IN& &, T =02 5WE AT
RRS# o R AT 1 R BUE, BIILTEA R T XR
= DNA FII5E.
214 #iEFEEEHH-CU? -DNA =ZTIK A 498 HE
i

Kl 3 MR R RAYFIMESG R SV RIS H#
SV-DNA ik RAIFI4E A % SV-Cu” -DNA —Jifk %K
FI OGRS, AT 4n, RFSV MR IBOGEAE 310 i
450 nm Ab&AT U, iR, T RFSV-DNA —Jt
R IO S IL I TR 1A 5 RESV RIS SR TR, 1)
FERA R, AILROGREIRTS . X 38 ok RO
BORAEAE, FEICH I k. RFSV-CU? -DNA = ik
RO CIEAF T3 &, gl 4 290 nm A,
YL =R RE W T A4, W= on 2 A7 e e g

I

2.2 RREFHEHKE
221 ARBANF A

4y % W % T B-R(Britton-Robinson) 2% M i -
HCI-NaAc. WA MR-TATRMN . LR- LRI Znp
PRZR XS N AR 5 RRSERFE R 5200, 25 0K B B-REZ M
WA B, PrUASEREH B-R 22k .

LA B-R G2 SN o, IR T ANE] pH B 4%
PEXT =TI 2R RRS [R50, 25 AR IS B pH Yu
J£1.9~2.1, 24 pH<1.85 i}, DNA [ XUIZ i 45 F 15 FR
IR 52 BIR, 2 AMET R, Akes BG4 pH>2.1
I, T HO, R 2R 2R TR B BRI,
AR TFREREMHEE. mE 4 4 8% %KH:
Cu(11)-RFSV-ctDNA, Cu(l1)-RFP-ctDNA F1 Cu(l1)-RFPT-
CtDNA 1A R II&E B 1) pH Y6 7302 1.9~2.1, 1.9~2.0
Al 1.8~2.0 2], =MEREEH pH 1.9 [ BR

F1 RRSOGIEFRHE
Tablel Spectral character of RRS

RFSV- RFPT- RFP-
DNA RFSV 'TDFI\?X‘ Cu?- RFPT TDFI\TAT' Cu?'- RFP S';F; Cu?-

DNA DNA DNA

gﬂezxk 288 370 370 373 372 369 374 371 368 375
Opg;ir — 278 202 295 201 289 303 202 202 303
I 233 131 579 2476 152 519 1613 141 390 1303
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Figure 2 RRS spectra of the drugs systems in different condi-
tions
1. RFSV, 2. RFP, 3. RFPT, 4. RFP-GtDNA, 5. RFPT-GtDNA, 6. RFSV-CtDNA,
7. RFP-CU?"-ctDNA, 8. RFPT-CU?"-ctDNA, 9. RFSV-Cu?"-ctDNA. Concen-
tration of DNA is 1.0 ug/mL, of drugsand Cu?” are 2.0X 10> mol/L

35
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< 207 RESV-Cu(II)-DNA
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Figure3 Absorption spectraof rifamycin SV systems
1. RFSV, 2. RFSV-DNA, 3. RFSV-Cu?*-DNA
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Figure4 Effect of pH on the intensity of RRS spectra of ternary
system

1. RFPT, 2. RFP, 3. RFSV

SRR A SN A

EIEEM pH AT T, 5 TR i & =t
RN RRS SREERIEMN, 25 R AL S i H
R 1.0~2.0mL, FrLUf% R B-R Z g 1.5 mL.
222 HMRENRH

MEE CUT B T RIMEE R 2X 10 °mol/L FIfE &
DNA 75— @ W FEIN, S50 4 5 2 R 2 Wik FE X A &
) RRS JGi g e sz, 25 0L, 29A LK RRS
TeHEFFAE (290 F1 370 nm AiAy), fE= 0k &, M
2 U R K KA (370 nm 22 A7) R U 52 24 ik i
SRR, AP BERARES, HT5 DNA RNVAGE
4%, RRS SRJERAR, (55 AF0E,; WA 299 5 3K,
Alrps UG R, AR 2R FE i — @ IR BE VS R, 15
SR P SCRRAG, 6 TN IA IR IR, I8 B 1) 25 4k JEE Y 1
439149 RFPT: (1.5~3.5)X 107> mol/L (ctDNA), (1.25~
3.0)X10° mol/L (sDNA); RFP: (1.5~3.5)X 10> mol/L
(ctDNA), (1.25~3.0) X 10 "°mol/L (sDNA); RFSV: (1.5~
3.5) X 107° mol/L (ctDNA), (1.25~3.0) X 10™° mol/L
(sDNA).

FTLL, 928k Bl RFPT, RFP FIl RFSV KWK JE K
2.0X10° mol/L.
223 BTRENTR

B 5 {0 T R A S B R S 4 SRR A,
ST NaCl N, X 2904 5 R L4 SUR 5 B 52
W AN, AR = 0 5 A W IR A i B RS AR K, A
TR IR | rps TV 4. K2 R T 8 R I R 1) 5t
HIAR A AE I, DNA IR G A T84k, H B 2GR %
Tz BN R AR R, AN Na© e
Er | 7 SRR b A i A BRI IEAE L HI 59

1200w
v
1050 ‘4\
- \A
900 % \A\ .
£ 750 -\'\‘§
600 :X: 1
~
450 \\:§
w0l  EEEEEEEh=El
T T

T
0.00 0.05 0.10 0.15 0.20
Cnacr/(mol+ L)

B 5 B omEnt —Ioi R RRS G AL 50
Figure 5 Effect of the ionic intensity on the intensity of RRS
spectra of ternary system
1. RFSV, 2. RFP, 3. RFPT, 4. RFSV ternary system, 5. RFP ternary system,
6. RFPT ternary system
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TSR BAE R g ) Pl i AR AL P
s, ) e R Ve G v A FBE R FELARA O A A
224 Cu(ll)®F3t4k % RRS #9 %

SZ T Cu(ln, Co(l), Ni(l1), Zn(11), Pd(Il), Ag(l),
Au(lln), Ga(ll)&5JLF 48 B 7 XA R RRS 520, 45
R, B Cu(11) LAAMEI 4 B 1 5 R4 25 2= 2R 2511
RRS Jt il JLFA = E5% 0, {2 Cu(l)%f DNA K ZiHL
DNA LA — ek R 1) RRS G A 5 B W A smAE 1
B R AR AR, HMf DNA K ek & 1) RRS Sl
FnAasE, 458 EoR Cu(l)E 1 HIR R B, kA [
SE LS R DNA W, 29k (5l 2.0X107°
mol/L I, RIGA R B Cu (1) 7 XA R ) RRS Y6
IR, RIL Cu(ll) B TN 2.0X10 ° mol/L HY,
RN RRSAS S A f N AH. FT LRI Cu(l1) &1 il
& 20X 107 ° mol/L. i #EWl £8 = Je ik &R
RFSV-Cu(Il)-DNA 1 Cu(l1)& 15 RFSV 44t
[Cu?] : [RFSV]=1": 1.

225 4K F 09FL M LB o iX ) R AT

R 45 R, 25 DNA 5488 7FAEE N
RVARGE, 2 min G, 1L RRS Sk g ik 2 5K
{8, 5 h JE Al R FERa e, M25%R1 Cu™ 5 DNA 170
PR R PR I . 254 — buffer—Cu®" —DNA,
SERGIE EAE 5 min J5E RRS Y6 i
2.3 Z=TIREH RRS it iz 9474 th ik

TEAfE A SN Z5E T, TC AN [A) 6 2 1) ctDNA
57 SDNA 5 = FhFJ# 45 % (RFSV, RFP Fll RFPT)HIl Cu?*
I, 43 il I RRS PR 5 R IR R KA (R O 2R FE |
FEHURSREE 1o, IFLL Algrs=1—1o, %I DNA WL
FrfEh £, FELL DNA KRS 1.0 pg/mL AT E 7 k3T
AR bR AE R 22, 3R 2 FIHAIME# S DNA ot

PR R FNFHE 57 % -Cu? -DNA = JCAR R [ brvte £ 5 FE
MR AL ZetEiufl. At A RSD.
2.4 RIZHIEBIIRIT

PR Z AW, AIRIIHIHUR; ctDNA I
SDNA H 46, WARIGIIEU, M aian R
(T T e 2 K, FIRERAWYE Cu®™' BT RV,
HA i—OH N 5 7 5 Cu?™ 5 1 1 fig A= i DU e 47 fr) 6
S H RN S, otDNA A1 SDNA 5 Cu?*
WA SN A A A4, X DNA H RS N5 R
R HR—OH 1 52 gh4. (HHI{f DNA [f178 Y6 R st 54
BTk, 104 R4 Z 25 H)-Cu® -DNA T = e &
FEIE, 3 RRS il K, XA Cut TS
DNA FIRIH 8RR AV Z MG R —cHEWH K, 5%
Ftas: #Z-Cu(I)ELES 11 Be 5 DNA TN & 14664
ok, WRTIH 2.2.2 F5F1 2.2.4 FTTR, SE56 R IUF4E 75
AN TS CUTE TS A EL[CU?T] L [RFSV]=1:
1, KR AT RE AR RS T CUTE T
1% 2 AL, R Cu® B 1823847 2 & 3 M
AfLAEEAZAY DNA 31 = Jusia - WEnls, » 1
PRRR KN, M1 RRS Y61 2 2 o,
2.5 FHIERNEE MRS 4T
251 XAMAEHA

TERAE S A5 N, S5 T JLA7 4 JoOxt I s 94
JE4 1.0 pg/mL [ ctDNA [52m. &5 L% 3. W&
T, B RS, AIRT NiF, Zn?t AR TR RVEIEALE
1, T HAR KSR Na', KT, NHi 5N . B
KRB ILBATH, BTk N A B ar kP tk, 1
SYHT I I, T DA 27 5 VR AT T A B B 45 /D BT
[

R 2 brUEMZ AR S A DNA 1A H R
Table2 Therelated parameters of the calibration graphs and the detection limit for the DNA

Detected wavelength/  Linear equation/ . - Linear range/ Detection limit RSD/%

System am 9 (ug-r?qL’l) Correlation coefficient (ug°mL’?) @BoY(ngemL Y (n=7)
RFSV-ctDNA 370 Al=14.6+590.3C 0.9987 0.01~6.0 175 3.7
RFSV-sDNA 368 Al=18.9+581.2C 0.9982 0.01~6.0 18.1 32
RFP-ctDNA 368 Al=12.8+337.1C 0.9984 0.01~6.0 232 35
RFP-sDNA 366 Al=25.2+335.5C 0.9981 0.01~6.0 245 34
RFPT-ctDNA 369 Al=22.1+480.8C 0.9986 0.01~6.0 204 36
RFPT-sDNA 367 Al=24.2+457.5C 0.9987 0.01~6.0 20.1 34
RFSV-Cu* -ctDNA 373 Al=22.71+932.8C 0.9997 0.01~6.0 9.7 2.8
RFSV-Cu®'-sDNA 370 Al=22.1+880.8C 0.9994 0.01~6.0 10.2 26
RFP-CU?'-ctDNA 375 Al=21.74889.5C 0.9994 0.01~6.0 11.3 29
RFP-CU?"-sDNA 372 Al=20.71+857.5C 0.9996 0.01~6.0 12.7 30
RFPT-CU?'-ctDNA 374 Al=21.8+893.9C 0.9997 0.01~6.0 10.5 25
RFPT-Cu?'-sDNA 371 Al=20.5+862.8C 0.9996 0.01~6.0 10.9 23




LL RFSV-Cu(I1)-ctDNA i, ¥ 3 rhitidisy
T ARG T VUM, WEZR K 4. v WLk

TREMERTR, ML, BN
A R I E

Table4 Determination of synthesis samples 4
5
" e T A&
bt et PR PR e
om| 1 %1076 of 1 —
(ngemL ™) (X100 "molsL™) (=5) (n=5) (n=5) 6
Al** 1.0, Fe* 05,
oiDNA 2.0 Mg®" 50, Zn*" 0.8, 2.03 101 2.8 7
Ni%" 20
ca®' 20,Zn*" 0.8,
CtDNA 2.0 Fé*" 05, Ni*" 25 198 99 23 8
NHZ 5
B-CD 10, JK# 50,
A 55
CtDNA 2.0 WA C 10, L6 2.04 102 2.4 .
A 50
BSA 08, iEf 10, 10
HZ % 20
CtDNA 2.0 ,, ., .. 205 103 25
HERE 30, L-BEA 11
1% 50 12
13
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