RN/ B DU = S 3 ERER LA AREIENSERADRER pH B HINL WA s S ERE 0 447

Chinese Journal of Biotechnology
http://journals.im.ac.cn/cjbcn April 25, 2016, 32(4): 447-456
DOI: 10.13345/j.cjb.150362 ©2016 Chin J Biotech, All rights reserved

R B EEMRAK

pH
HIN1

R 2 EXEL MERAS AR AXEY, £& ]
1 100101
2 100049
3 100101
4 121001
pH HINI

, 2016, 32(4): 447-456.
Jia XX, Li Y, Fan WH, et al. Effects of temperature and pH on the growth of HINI1 subtype of influenza A virus by
surface-enhanced Raman spectroscopy. Chin J Biotech, 2016, 32(4): 447-456.

B E: REHEIEZAE (SERS) A—MATHARBENEE AE, TUSZRXHKERENARREFF TS
FRAKAEY, SRR F kB 6 £ F. AT E 3 APk mAR M EF SERS 9% ik, KFEI A SERS # KR
2t AR HINT B RE FARERFIRE A pHIAH M4 FTHAT T REEMNIRB RN, HARREELL
EMABERSHBEREAES X RESMEIATR AR, BR2TE pH A 72, BEH 37 CHEHT 3
A~HINI A ¢9F Ak SERS ML RERHEINE Y IAKF (BRFF)3000 694, 2 KE T REFNRE,
RiESRELEK. BN, @AM FF S SERS AL R, #3420k BIFHAE T HA A M

AW iR T K, ,,,u)ﬁkf%&, =, pH’fﬁ

Received: August 9, 2015; Accepted: September 17, 2015
Supported by: National Basic Research Program of China (973 Program) (No. 2012CB955501), National Key Technologies Research
and Development Program of China (No. 2013ZX10004-610), National Natural Science Foundation of China (No. 31100644).
Corresponding author: Jing Li. Tel/Fax: +86-10-64807503; E-mail: 1j418@163.com

973 ) (No. 2012CB955501) ” (No.

2013ZX10004-610) (No. 31100644)



448

ISSN 1000-3061 CN 11-1998/Q Chin J Biotech  April 25,2016 Vol.32 No.4

Effects of temperature and pH on the growth of HIN1
subtype of influenza A virus by surface-enhanced Raman
spectroscopy
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Abstract:  Surface enhanced Raman spectroscopy technology (SERS), using gold nanoparticles as a base, was developed
for rapid and sensitive detection of virus strains. SERS can be used as a rapid and reliable method to distinguish the titers of
viral replication. In the present study, we characterized HIN1 subtypes of influenza A virus strains in different conditions
of pH or temperatures, while we analyzed data from SERS technology using gold nanoparticles as a base and cell cultures
were employed to further confirm the data from virus strains. Origin8.0 was used to collect Raman spectra, smooth and
homogenize data, and to contrast spectra. Our results indicated that the peaks of different virus strains in optimal
environmental conditions (T=37 ‘C/pH=7.2) reached >3 000. This criterion was verified by subsequent virological method.
The present data indicate that the established SERS protocol can be used as a rapid and reliable method to distinguish the
replication rate of virus, which can be further used in clinical samples.

Keywords: SERS, influenza A virus, temperature, pH
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Fig. 2 Stability of influenza A virus strains tested by
SERS.
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Fig. 3 Viruses growth ability tests of three influenza
A virus strains.
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Fig. 4 Three influenza A virus strains, CA04 (Black), WSN (Red), and PR8 (Blue), were analyzed under different

temperatures using SERS.
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Fig. 5 Three influenza A virus strains, CA04 (Black), WSN (Red), and PR8 (Blue), were analyzed under different
pH using SERS.

@ 010-64807509 P< cjb@im.ac.cn

45

2

3)




ISSN 1000-3061 CN 11-1998/Q Chin J Biotech  April 25,2016 Vol.32 No.4

CA04 WSN PR8

pH 46 5.0 CA04
PRS pH 54 58 62
pH 1 000 cm'
WSN
pH 54 5.8
1 000 cm™ pH 6.2
5.8 pH 6.6
3 3
pH
3 Wtk

(Polymerase chain

reaction PCR) ELISA Realtime-PCR

(SERS)
[15] [16]
[17] [18]
[19] SERS
SERS
Zhao U
3 A/HKx31
A/WSN/33  A/PR/8/34 SERS
5 uL

http://journals.im.ac.cn/cjben

1 min
SERS
M2
[21]
pH
pH 8.5 M2 4
- T
pH
_ [22]
(HSP)
[23]
HSP HSP40 HSP70
[24]
M2
Hsp70 [23]
37 C
SERS
HSP
SERS
720 cm =800 ¢cm™! C-F 800 cm 950 cm™
C-0-C 910 ¢cm '-960 cm!
990 c¢cm -1 100 c¢m
1010 cm =1 095 cm™! Si-O-C  Si-O-Si
120 em =1 225 cm™! C=S [26]
SERS pH



TRR FABEREERASKERARSEER pH EX HINL TR ERSIEENR

TCIDs,
SERS
SERS
SERS
pH 7.2
37 C SERS
REFERENCES

(1]

(2]

(3]

(4]

Newton HJ, Ang DKY, van Driel IR, et al
Molecular pathogenesis of infections caused by
Legionella pneumophila. Clin Microbiol Rev, 2010,
23(2): 274-298.

Fujinaga S, Hara T. Acute kidney injury following
plastic bronchitis associated with influenza B virus
in a child with nephrotic syndrome. Indian Pediatr,
2015, 52(6): 523-525.

Kosoy OI, Lambert AJ, Hawkinson DJ, et al. Novel
thogotovirus associated with febrile illness and
death, United States, 2014. Emerg Infect Dis, 2015,
21(5): 760-764.

Bily T, Palus M, Eyer L, et al. Electron tomography
analysis of Tick-Borne encephalitis virus infection
in human neurons. Sci Rep, 2015, 5: 10745.

& 010-64807509

[10]

[11]

[12]

[13]

[14]

[15]

Huang SSH, Lin Z, Banner D, et al. Immunity
toward HINT1 influenza hemagglutinin of historical
and contemporary strains suggests protection and
vaccine failure. Sci Rep, 2013, 3: 1698.

Bedford T, Riley S, Barr IG, et al. Global
circulation patterns of seasonal influenza viruses
vary with antigenic drift. Nature, 2015, 523(7559):
217-220.

Taft AS, Ozawa M, Fitch A, et al. Identification of
mammalian-adapting mutations in the polymerase
complex of an avian H5N1 influenza virus. Nat
Commun, 2015, 6: 7491.

Li R, Zhou JC, Lu CF. Application of Raman
scattering technology in biology. Biotech Bull,
2009(12): 62—64 (in Chinese).

. , 2009(12): 62—-64.

Zhao YC, Jackson SD. Passively Q-switched fiber
laser that uses saturable Raman gain. Opt Lett,
2006, 31(6): 751-753.

Jia XX, Li J, Qin T, et al. Current views on surface
enhanced Raman spectroscopy in microbiology.
Chin J Biotech, 2015, 31(5): 611-620 (in Chinese).

5> 5 s

2015, 31(5): 611-620.

Cheng IF, Chang HC, Chen TY, et al. Rapid
(<5 min) identification of pathogen in human blood by
electrokinetic concentration and surface-enhanced
Raman spectroscopy. Sci Rep, 2013, 3: 2365.

Lin CC, Yang YM, Liao PH, et al. A filter-like
AuNPs@MS SERS substrate for Staphylococcus
aureus detection. Biosens Bioelectron, 2014, 53:
519-527.

Lin HY, Huang CH, Hsiech WH, et al. On-line
SERS detection of single bacterium using novel SERS
nanoprobes and a microfluidic dielectrophoresis
device. Small, 2014, 10(22): 4700-4710.

Brown WF.
Reed-Muench  fifty per cent  end-point
determination. Am J Hyg, 1964, 79: 37-46.

Fan C, Hu ZQ, Mustapha A, et al. Rapid detection

Variance estimation in the

K cjb@im.ac.cn

455




456

ISSN 1000-3061

CN 11-1998/Q Chin J Biotech  April 25,2016 Vol.32 No.4

[16]

[17]

[18]

[19]

(20]

of food- and waterborne bacteria

surface-enhanced Raman

using
spectroscopy coupled
with silver nanosubstrates. Appl Microbiol Biot,
2011, 92(5): 1053-1061.

Lu XN, Samuelson DR, Xu YH, et al. Detecting
and tracking nosocomial methicillin-resistant
Staphylococcus aureus using a microfluidic SERS
biosensor. Anal Chem, 2013, 85(4): 2320-2327.

Li J, Qin T, Jia XX, et al. Rapid identification of
Legionella pathogenicity by surface-enhanced
Raman spectroscopy. Biomed Environ Sci, 2015;
28(6): 437-444.

Deng AH, Sun ZP, Zhang GQ, et al. Rapid
discrimination of newly isolated Bacillales with
industrial applications using Raman spectroscopy.
Laser Phys Lett, 2012, 9(9): 636.

Cao YC, Jin RC, Mirkin CA. Nanoparticles with
Raman spectroscopic fingerprints for DNA and
RNA detection. 2002, 297(5586):
1536-1540.

Zhao YP, Shanmukh S, Liu YJ, et al. Silver
nanorod arrays can distinguish virus strains. Phys

Rev Lett, 1997, 78: 1667-1670.

Science,

http://journals.im.ac.cn/cjben

(21]

[22]

(23]

(24]

[25]

[26]

Nguyen H, Le L. Steered molecular dynamics
approach for promising drugs for influenza A virus
targeting M2 channel proteins. Eur Biophys J,
2015, 44(6): 447-455.

Hu FH, Luo WB, Hong M. Mechanisms of proton
conduction and gating in influenza M2 proton
channels from solid-state NMR. Science, 2010,
330(6003): 505-508.

Finka A, Sharma SK, Goloubinoff P. Multi-layered
molecular mechanisms of polypeptide holding,
unfolding and disaggregation by HSP70/HSP110
chaperones. Front Mol Biosci, 2015, 2: 29.
Sondermann H, Scheufler C, Schneider C, et al.
Structure of a Bag/Hsc70 complex: convergent
functional evolution of Hsp70 nucleotide exchange
factors. Science, 2001, 291(5508): 1553—-1557.
Guan ZH, Liu D, Mi SF, et al. Interaction of Hsp40
with influenza virus M2 protein: implications for
PKR signaling pathway. Protein Cell, 2010, 1(10):
944-955.

Tammer MG. Sokrates:
characteristic group frequencies: tables and charts.
Colloid Polym Sci, 2004, 283(2): 235.

(A3CTL9 MR TT)

infrared and Raman



