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Surface-Enhanced Raman Spectroscopy with Nanosilver
as the Substrate to Study the Interaction Between

Coumarin and Bovine Serum Albumin (BSA)

CHEN Rong, ZHOU Guang-ming, LUO Dan, ZHANG Lu-tao

Key Laboratory of Luminescence and Real- Time Analysis of the Ministry of Education/

School of Chemistry and Chemical Engineering s Southwest University , Chongging 400715, China

Abstract: The Raman spectrum of coumarin and the surface-enhanced Raman spectrum (SERS) on the silver
nanoparticle substrate were reported and the characteristic peaks were assigned. A comparison of SERS with
the normal Raman spectrum (NRS) of solid coumarin indicated that the position of the characteristic peak of
coumarin was basically unchanged. The experiment optimized the volume mixing ratio of bovine serum albu-
min (BSA) and silver nanoparticles and studied the SERS of the interaction of coumarin with BSA. The re-
sults demonstrated that when the volume ratio of BSA to silver nanoparticles was 1 ¢ 3, the bovine serum al-
bumin showed the strongest Raman enhancement signal. At low concentrations, silver nanoparticles had obvi-
ous enhancement effects on both bovine serum albumin and coumarin. The enhancement effect was mainly re-
flected in the adsorption of = electrons in silver benzene and coumarin benzene ring, oxygen atom in carbonyl
group, N atom containing lone electron in BSA, and S atom in disulfide bond in protein. After the addition of
BSA, the Raman signal at 525 ecm ™', 675 cm ', and 1 327 cm ' in coumarin was red-shifted but did not dis-
appear, indicating that the skeletal vibration of coumarin was affected by the interaction with BSA. The Ra-
man signals at Raman shifts of 1 184 em™', 1 230 em™ ', 1 327 em ' and 1 563 cm ' were significantly
weakened, due to the C—0O asymmetric stretching vibration and C == O stretching vibration of coumarin after BSA
addition. The 847 cm ', 897 em ', and 1 488 em ' Raman peaks disappeared due to the action of the aromatic ring plane and
bovine serum albumin in the coumarin. Compared with the SERS signal of coumarin, the SERS signals of coumarin and bovine se-
rum albumin complex were obviously weakened. The cause might be that the a-helical structure of BSA was inserted by the planar
structure in the coumarin molecule, resulting in © of non-covalent bond. The = stacking action changed the = electron density of
the aromatic ring in the coumarin, bringing about an energy change. In summery, in this study silver nanoparticles were used as
the substrate to investigate the interaction between coumarin and BSA with the SERS technique. The method has the advantages
of short analysis time, simple and rapid operation, and in situ nondestructive detection, and provides a reference for the in-depth
study of the interaction of other flavoring agents with proteins and its pharmacological research.

Key words: coumarin; nanosilver; bovine serum albumin (BSA); surface-enhanced Raman spectroscopy
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