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Fig. 1 Structure of nucleic acid bases

(adenine, guanine, cytosine, thymine, uracil)
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Fig. 2 The optimized molecular structure of adenine
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Table 1 Adenine Raman spectroscopy experimental results and theoretical calculations control

and its Raman spectrum characterization(Atomic number as shown in Figure 1)

Wavenumber
This study Santamaria ~ Nowak Giese .
_ Assignment
Mode Experiment B3LYP/ B3LYP/ B3LYP/ B3LYP/ Plane
(Solid)  6-311++G(d,p) 6-311G(d,p) 6-31G(d,p) 6-31++G(d,p)
1 1678 1670 1634 1641 1665 in sciss NH, str C6-N10 C5-C6
2 1612 1626 1552 1617 1643 in  strN3-C4C4-C5 C5-C6 N1-C6 N7-C8 bend N9-H C8-H C2-H
3 1597 1607 1583 1584 1613 in sciss NH,
4 1482 1483 1450 1502 1524 in str N7-C8 N1-C6 bendC8-H C2-H
5 1462 1498 1421 1487 1510 in str C2-N3 N1-C6 C6-N10 N7-C8 bendC2-H
6 1419 1431 1387 1416 1441 in  str N7-C8 C4-N9 C5-C6 C6-N10 bend C2-H C8-H sciss NH,
7 1372 1404 1355 1400 1423 in str C8-N9 C4-N9 N7-C8 C6-N1 bend C2-H N9-H
8 1333 1363 1328 1350 1372 in strC6-N1 C8-N9 N3-C4 bend C2-H C8-H N9-H
9 1333 1341 1292 1342 1365 in str C5-N7 N1-C2 C6-N10 bend C8-H
10 1307 1318 1260 1317 1341 in str C2-N3 N1-C2 C5-C6 C5-N7
11 1247 1258 1213 1250 1272 in str N7-C8 N1-C2 C2-N3 bend C8-H N9-H
12 1235 1235 1202 1228 1246 in str C5-N7 C6-N1 rock NH, bend C8-H
13 1161 1133 1103 1129 1148 in str C4-N9 N3-C4 C6-N10 C2-N3 bend C8-H N10-H
14 1125 1091 1053 1065 1085 in str C8-N9 bend N9-H C8-H
15 1024 996 1000 1012 in str C6-N1 rock NH,
16 941 935 914 925 942 in def R5(sqz group N7-C8-N9)
17 899 874 853 882 899 in def R6(sqz group N1-C2-N3) str C5-N7 C6-N10 C4-N9
18 840 835 782 831 849 out wag C8-H
19 796 808 807 797 805 out def R5 R6 wag C8-H
20 723 710 693 713 726 in ring breath whole molecular
21 622 612 600 607 618 in def R6(sqz group C4-C5-C6)
22 559 552 640 568 576 out def R6(sgz group C5-C6-N1-C2) bendC2-H C8-H N9-H
23 535 527 514 521 530 in def R6(sqz group N1-C6-C5)

bend: bending; breath: breathing; def: deformation; rock: rocking; sciss: scissorring; str: stretching; wag: wagging; R5: five-membered ring; R6:

six-membered ring.
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Fig. 4 The frequency deviation between the theory obtained by different calculation parameters and the actual of Adenine
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Fig. 5 Raman spectra of guanine
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Table 2 Guanine Raman spectroscopy experimental results and theoretical

calculations control and its Raman spectrum characterization (Atomic number as shown in Figure 1)

Wavenumber

- Plane Assignment
Mode Solid Theory

1 1678 1735 in sciss NH, strC5-C6 C6=0 bendN1-H
2 1551 1601 in str N3-C4 C4-N9 C4-C5 bendN9-H
3 1465 1487 in strN7-C8 N1-C2 N3-C4 C2-N3 bendC8-H
4 1389 1374 in strC2-NH, C8-N9 bendN1-H N9-H
5 1361 1351 in strC2-N3 C5-C6 C5-N7 bendN1-H
6 1265 1305 in strN3-C4C5-N7 bendC8-H
7 937 956 in def R5
8 648 625 in R6 breathing
9 497 492 in def R6

bend: bending; breath: breathing; def: deformation; rock: rocking; sciss: scissorring; str: stretching; wag: wagging; R5:

five-membered ring; R6: six-membered ring.
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Table 3 Cytosine Raman spectroscopy experimental results and theoretical calculations

control and its Raman spectrum Characterization (Atomic number as shown in Figure 1)

Wavenumber

- Plane Assignment
Mode Solid Theory
1 1693 1706 in sciss NH, str C2=0 bendN1-H
2 1654 1673 in sciss NH, str C4-C5 C2=0 bendN1-H
3 1532 1554 in strC4-N C4-C5 C6-N1 C2=0 bendN1-H
4 1462 1448 in strN3-C4 C6-N1 bendN1-H
5 1363 1385 in strC4-N C2=0 bendN1-H C5-H C6-H
6 1276 1247 in strC2-N3 C6-N1 C4-N3
7 1251 1260 in strC2-N3 bendN1-H C5-H C6-H
8 1113 1091 in strC2-N3 sciss NH,
9 1010 994 in defring
10 976 931 in strN1-C2 C4-C5
11 792 769 in ring breathing
12 599 584 in defring
13 548 552 in defring
14 400 358 in sciss NH,

bend: bending; breath: brezthing; def: deformation; rock: rocking; sciss: scissorring; str: stretching; wag: wagging.
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Table 4 Thymine Raman spectroscopy experimental results and theoretical calculations

control and its Raman spectrum characterization (Atomic number as shown in Figure 1)

Wavenumber .
Mode Solid Theory Plane Assignment
1 1704 1726 in strC2=0
2 1672 1700 in strC5-C6 C4=0
3 1489 1497 out sCisSCH3 strC4-C5 C6-N1 bendN1-H
4 1458 1460 out sCissCH3
5 1408 1417 in strC2=0 C4=0 bendN3-H C6-H
6 1368 1390 in strN1-C2 C2-N3 C5-C6 bendN3-H C6-H
7 1247 1244 in strC2-N3 C6-N1 C5-CH; bendC6-H
8 1157 1181 in strN3-C4 C6-N1
9 985 977 in strN1-C2 C4-C5
10 805 809 in ring breathing
11 740 739 in ring breathing
12 616 609 in defring
13 558 552 in def ring
14 477 468 def ring
15 429 388 in bend C==

Bend: bending; breath: breathing; def: deformation; rock: rocking; sciss: scissorring; str: stretching; wag: wagging.

2.5 FREZDE

Rt PR e g v 2 S 6 8 SR B O 45 L (1] 8),
X DR W e f 2 e i R AE WK 5 BTN . IR I 2
RNA 75 FHEAT MR IE, 2 wF 0N 00 50 10 £
R AERMERE A2 fr g rf, 790 A1 1 235 cm 4k
(1) or 52 il o 0 A PR E A5 S b s ),

790 cm AL FFr 8 T UG Fis il W IE FA )T 1 P P
W5, 1235 cm Ak ¥ 47 2 0 5 3 0 U Fi Ak
N3—C4 $ )T~ il 4 i1 4 P 3 LA Sz C—H 81T 1
WHRIRSRSD. eI DM AR R st T, B
IR BREE > PRIENE K H (1.

1711

Theory

—1655

400 600 800 1000

1200 1400 1600 1800 2000

Raman shift/cm

Fig. 8 Rama

n spectra of uracil



<288+ EESEYIEER

Prog. Biochem. Biophys. 2016; 43 (3)

Table 5 Uracil Raman spectroscopy experimental results and theoretical calculations control

and its Raman spectrum characterization (Atomic number as shown in Figure 1)

Wavenumber

Plane Assignment
Mode Solid Theory
1 1714 1711 in strC2=0
2 1649 1655 in strC4=0
3 1501 1484 in str N1-C2 N3-C4 C4-C5 bendN3-H
4 1456 1425 in strN1-C2 C2-N3 bendN1-H N3-H C5-H C6-H
5 1394 1382 in strN1-C2 C2-N3 bendN3-H C5-H C6-H
6 1235 1264 in strN3-C4 bendC5-H C6-H
7 1102 1090 in strN3-C4C5-C6 C6-N1 bend C5-H
8 985 996 in ScissNH2
9 790 764 in ring breathing
10 577 553 in def ring
11 554 532 in def ring
12 527 514 in defring
13 429 422 out ring torsion

bend: bending; breath: breathing; def: deformation; rock: rocking; sciss: scissorring; str: stretching; wag: wagging.
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The Research on Raman Spectroscopy of Nucleic
Acid Bases Based on DFT Method"

WU Lei*3, LI Fei?, JIN Zhou-Yu?, LI Yu-Ting?, HU WeiV™
(Y School of Life Sciences, Jilin Agricultural University, Changchun 130118, China;
2 State Key Laboratory of Supramolecular Structure and Materials, Jilin University, Changchun 130012, China)

Abstract Nucleic acid bases are an important part of nucleic acids, and Raman spectroscopy is an important
technique in studying on molecular structure. Therefore, it has a great significance for the research on the structural
changes of nucleic acid macro-molecules and the interactions between nucleic acid molecules and small molecule
that the Raman spectroscopy of nucleic acid bases are characterized. In this study, the molecular structures of
adenine, guanine, cytosine, thymine and uracil were optimized based on the density functional theory method
(DFT). The intra-molecular bond vibration frequency of these five nucleic acid bases were predicted by
quantitative calculation, and the Raman spectroscopy of nucleic acid bases was characterized by corresponding the
relation between the results of nucleic acid bases Raman spectroscopy in experiment and in theory. Moreover, the
characteristic Raman peaks in the Raman spectroscopy of each nucleic acid bases were explanation in detail. It laid
the theoretical foundation for the further structural information of nucleic acid molecules by the means of Raman
spectra.
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