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Fig. 1 Raman spectra of 1 X107 mol/L adenine(A), 1X10"* mol/L cytosine(B), 1X10~° mol/L guanine(C), 1X10~* mol/L
thymine (D), 1 X 10 * mol/L uracil (E) and 50 mmol/L. Adenine (F) with a series AgNO; concentration of (a) 0 mmol/L,

(b) 0.5 mmol/L, (¢) 5 mmol/L, (d) 50 mmol/L, (e) 500 mmol/L
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Fig. 2 SERS spectra of 1>X10"" mol/L adenine(A) , 1X10~* mol/L cytosine(B), 1X10"" mol/L guanine(C),
1X10"* mol/L thymine(D) and 1X10"* mol/L uracil (E) in (a) in the situ prepared silver colloids, (b)in silver

colloids and (¢) on silver film
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1 N N . R ,Lee-Meisel 3
(SERS)
Table 1 Assignment of wavenumber value in SERS spectra of the five bases, description of different vibrational modes,

and structure of nucleic acid bases

Mode SERS SERS SERS Plane Assi ¢
ode (In this study) (In colloids)  (On film) ane ssignmen

def R6(sqz group C4-C5-C6, N1-C6-N10) , def

! 626 626 626 in R5(sqz group C5-N7-C8) .
5 688 692 690 out i;a;)Ro, del R6 (tors C4-C5-C6, wag N3-C4-
3 734 735 733 in ring breath whole molecule (distorted)
4 963 957 in def R5 (sqz group N7-C8-N9)
Adenine . .
5 1240 1249 in rock NH,, str C5-N7, N1-C2, C2-N3
6 1267 1269 in bend C8-H, N9-H, str N7-C8
7 1335 1335 1332 in ;e;dl\ﬁgz,ﬁ c;—S\# NOH, str CONTL -G8
8 1361
9 1375 1373 in bend C2-H, N9-H, str C8-N9, C4-N9
10 1391 1400 1398
11 1467 1460 in str N7-C8, bend C8-H, sciss NH;
1 603 601 597 in def ring
2 699 695 697 out bend C2=07 N1-H
Cytosine 3 802 798 796 in ring breathing
4 1043 1035 1037 in str C6-N1, bend C6-H9
5 1195 1195 1193 in str N3-C4
6 1307 1307 1306 in str C2-N1, C4-N8
7 1356 1360 in bend C6-H
8 1426 1422 in str C2-N1
1 671 658 665 out bend N9-H, sciss NH,
2 729 out bend C=0 C-H
Guanine 3 957
4 1262
7 1299 1299 1299 in str N7-C8, C2-N3, bend N1-H, N7-H
8 1351 in str C5-N7
9 1547 1541 1552 in str N3-C2, C4-N9 , N3-C4, sciss NH»
10 1699 in str C=0
1 588 584 in ring deformation
2 665 665 662 in bend C2=0, C4=0, C5-Cl1
3 761 761 in str C4-C5, C5-C11, def R
4 800 798 800 in ring breathing
Thymine 5 1005 999 1003 in ring breathing , CHsasymmetric stretching
6 1219 1221 in C-N stretching
7 1278 1278
8 1309 1302
9 1348 1351 1347 in bend N-H, C-H
10 1486 1484 1482
11 1571 1576
12 1625 1627 1629
1 561 560 560 in def R (sqz groups N3-C2-C4, C5-C6-N1)
2 599 598 597 in def R (sqz groups N3-C2-07, N3-C4-08)
Uracil 3 801 802 800 in ring breathing
4 1048 1046 1046 in def R (sqz groups C5-C6-N1, N3-C4-C5)
5 1107 1102 1196 in str C5-C6 , C6-N1, bend C5-H
6 1279 1279 1279 in st N3-C4, bend NI-H, C5-H, C6-H
7 1363 1370 1363 . ;‘—llr N1-C2, C2-N3, C4-C5, C2=07, bend C5-
8 1629 1631 1627 in str C2=07 , C5-C6, bend N1-H

[1] Bend, bending; breath, breathing; def, deformation; rock, rocking; sciss. scissoring; str, stretching; wag, wagging; R5,
five-membered ring; R6, six-membered ring; R, ring. Ref; [15—22]
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Fig. 3 (A) Figures of formed by photoreduction of silver ions in the presence of different

nucleic acid bases (from left to right: silver nitrate blank solution, thymine, guanine,

cytosine, uracil, adenine); (B) UV-visible spectra of various kinds of colloids formed by

photoreduction of silver ions in the presence of different nucleic acid bases.

Ag”
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Fig. 4 SEM figures of silver colloids in the presence of thymine
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Detection of Nucleic Acid Bases by Surface Enhanced Raman Scattering
Technique Based on in—situ Photo-reduced Silver Colloids

WU Lei', L1 Hai-Chao* , ZHAO Hai-Feng', SUN Yu’, XU Hao-Ran', LU Ming',
YANG Chun-Hua', LI Wen-Zhao' . LI Zheng-Qiang™*'
"' (Key Laboratory for Molecular Enzymology and Engineering » Ministry of Education ,
Jilin University » Changchun 130012)
“(College of life Science, Jilin Univisity, Changchun 130012)
*(Changchun City Illness Defend Control Center , Changchun 130033)
" (Changchun Medical College , Changchun 130013)

Abstract The formation of colloids induced by laser irradiation was proved by the means of Raman
scattering, UV-Vis spectrum and transmission electron microscopy ( TEM). The Raman signal of
nucleic acid bases was slightly enlarged due to the surface-enhanced Raman scattering activity brought
by the aggregation of silver atoms. Furthermore, the experiment results showed that the Raman spec-
tra with high signal to noise ratio and with good repeatability could be obtained by this method and the
Raman spectra of nucleic acid bases obtained were similar to those obtained in Lee-Meisel silver colloid
and on silver membrane surface. Although there were some new peaks and shifts in our Raman study,
the classical characteristic peaks could also be found and used to identify different species. Due to its
simple operation, SERS (Surface Enhanced Raman Scattering) of colloids prepared by photo-reduced
silver nitrate was of great application value in the in situ detection of small molecules.

Keyword Photo-reduction reaction; Silver colloidal; Surface enhanced Raman scattering; Detection

of nucleic acids bases
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