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Real-time Study on Erythrocyte Endocytosing Ag(@AuNPs by
Surface-enhanced Raman Scattering
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Abstract: Tracking the process which erythrocyte endocytoses gold core-silver shell nanoparticles
wrapped in crystal violet with laser optical tweezers raman technique was studied. The erythrocytes were
imprisoned by optical tweezers every 20 s, the raman spectra of erythrocytes and the adjacent solutions
were collected. Results show that the collected spectra of erythrocytes include the characteristic peaks of
erythrocyte and crystal violet. The intensity of peaks belonging to erythrocyte of 1 001, 1128,
1 213 em™ ' and which belonging to crystal violet of 915, 1 177, 1 370, 1 586, 1 619 cm™ 'increase over
time, which show that in the process of co-culture with erythrocytes and nanoparticles, nanoparticles
could increase the signal of erythrocyte and be accumulated in erythrocytes. By analyzing the difference of
spectra value between erythrocytes and its adjacent solutions, it finds that spectral characteristic peaks
belonging to crystal violet of 913, 1 179, 1 586 cm™' changing like cosine with time, which suggested
that the nanoparticles in erythrocyte induced after first increased, and then increased again. The time
range where nanoparticles began to enter erythrocyte, the entering speed and the rate of lysosome

degrading nanoparticles wrapped in crystal were caculated. This study shows that surface-enhanced

HEEE . 7 AR E4 (Nos. 2012GXNSFFA060008, 2014GXNSFAA118362) % [
E— & IRA (1988 —) A AL WF ST A= o 2 BEWF S T 1] Ay 28 THI 1 5 7 355 74 240 M 1) 5 FH B ol 2 40818 53 BT Emaail : zhangzhizhi35@163. com
BIRAEE WS (1972—) 5 BF5E 60 LA+, 23R8 J7 18] M A RS T & OG5 #r. Email ; huiluy@ gmail. com
WA HEE: 2014-12-11;FHHHI:2015-03-23
http : // www . photon . ac. cn

0630005-1



e F

EE

raman spectroscopy can provide a new idea and an experimental method for the study of foreign objects

into to cells.
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Laser optical tweezers Raman spectroscopy system

Fig. 1
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Fig. 2 UV-Vis spectra of AuNPs and Ag@ AuNPs
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Fig. 5 Raman spectra of crystal violet
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Fig. 6 After mix erythrocyte and Ag@ AuNPs wrapped in crystal violet, strength trend diagram of the characteristic

peak of the erythrocyte Raman spectra changes over time within 1 h
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Ag@AuNPs [, A 15 CVA{5E 514 5 sl 15 21 F . R2 EREWSHEFTENABR
F1 LM E N THFFIENAESR Table 2 Characteristic peak assignments for the
Table 1 Characteristic peak assignments for the erythrocyte Crystal Violet Raman spectra
Raman spectra Wavenumber/ )
o Assignment
Wavenumber/ . cm
o Assignments - - —
cm 729,762,804 Out of plane vibration of ring C-H bend
753 Symmetric breathing of tryptophan 915 Ring skeletal vibration of radical orientation
937 Proline, hydroxyproline, (C-C) skeletal of 1174,1 177 In plane vibration of ring C-H bend
collagen backbone 1298 Phenyl ring C-C stretching
1 001 Symmetric ring breathing mode of 1369,1 389 N-phenyl stretching
phenylalanine 1 442,1 477 Phenyl ring C-C stretching +ring deformation
1128 C-N stretching (proteins) C-O | 538 Phenyl ring C-C stretching +N* =
stretching (carbohydrates) phenyl stretching
1213 L-Tryptophan, phenylalanine 1586 Phenyl ring C-C stretching and bend
1 336 Nucleic acid bases | 610 Phenyl ring C-C stretching + N-
1447 CH; bending mode of proteins &. lipids phenyl stretching
1od6 Tryptophan P 7 o £ 40 1 40 3 ¥4 9 0 R 42 1 35 1 06 9 o
1603 €7 lmplane berding mode of 125 0 35, T 'V 3 B 1 5 A W Bt o ] 52—
phenylalanine & tyrosine R
coe N e of - FE W b TR I HLSE 5 b S B KR I WP A TR
= stretching mode ol tyrosine G- N & N i~
1616 tryptophan Yy H Ok B 2, 80k 8 R, X = il T g oKk UKL R I
WHCl &y —EBakETR, ﬁbk%%ﬁi M 38 24 f
5.0 3.0
—_ 25
240 = 20 3 25}
3 : 20F o
=30} g S 20p
< % L5 S 151
= < = 1.
220} B Z
z %“ 1.0 Z 10}
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2 1o} g ost 2 osf
0 [ A L L L L 1 L 0 A I L A i " L 0 [ A | 1 i L L L
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Fig. 7 Strength trend diagram of the characteristic peak of the solution Raman spectra changes over time within 1 h
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FHEs TR Ge kL CV B 2 . 37 R 1 76 21 48 MO B8 | OKG B
B IR BN 7t 2 L. B 8 R AT AN i A AR I T R
G 22 1Y e AR 3 A I ) AR AR fa 5. NI o i e e
J& T CV (9913.1 179.1 586 cm ' U4 58 JiF 7E 0~ 6 min
FEARANAE , 4E 6 ~22 minlil Bf 8] | T, £ 22~ 36 minlf

B 1] F B . 7E 36 ~50 min X B[R] R SCRR17 148
LT BT A 0 40 28 AL R 58 7 Hh P A BT V8 T R R
iR A F B f7. Cartiera™ 38 1 OK 48 }g 30 min )5 FF
U TE AN N & BLAN KR T .4 b J A0 D9 98 Kok T
FIA M IR 22 05 08 18 0 2. 45 43 BT . T 10~ 6 min 6]
Ag@AuNPs % A #F A 21 40 jf 195 6~ 22 mini] Ag@
AuNPs K&l AL 40522 ~36 min ALY Ag
@ AuNPs K 5Bl ¥ il A F5 i 5 10736 ~ 50 min Py 0] 71 1K
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B CV s % 15 3% )5, 45 H CV il 26 3%, R ] 45 fiF
W ) R B 5 % 1 Ag @ AuNPs ¥ BEUNE 9. | Bl %0 CV
FRAF I B 5 i Ag@ AuNPs Y& B T 25 1 T . 24 Ag@
AuNPs ¥R JETHE 1.6X2. 75 X 1011 particle/mL J& , 4§
fIE U i 2 3] 3 fie ey B BE AR 2 RS RS AR AH L CV
RRAIE U 5 5 P AR TE1 M A R 9 Ag@ AuNPs ¥ I, &

AR FRED AT 2 1 Ag@ AuNPs R %5
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Fig. 8 Erythrocyte and its neighboring solution Raman
spectra D-value of peak strength changes over time

within 1 h trend chart
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Fig. 9 The raman spectral characteristic peaks corresponding

KA AE

to the intensity after training with different
concentrations of Ag@AuNPs and CV

3 WL N CV A [A] R fiF 1 78 A [] i 18] B P9
PR A O L U 5 R N M S DL R Ag@
AuNPs HE A LT 20 T 55 %5 Bl 04 B i Ag @ AuNPs f 3
.o E 8 f1FE 3 MAEO0~6 minfa] CV B9913.1 179,
1586 cm™ 'R B AR B AL B CV W) Ag@
AuNPs ¥ % A 240, 7629 11 min B CV & ifi (1)
Ag@ AuNPs [ 40 i Py 0 e B A —FF AR 4% 913 em !
W] HIAE 6 ~22 min [8] Ag@ AuNPs 3 A £ 40 J 19 F
Y538 B R 2 particle/min; 7E 22~ 36 min [A] i B 14 1 f#
Ag@ AuNPs {1 F ¥ 3 & & 2 particle/min; 7 36 ~
50 min [A] B K 5 Ag @ AuNPs #F A 21 40 M 1) S 3 3

x3 BIBEENTH
Table 3 Changes of the characteristic peaks

Wavenumber/  Beginning Last of Periods of D-value Concentration of NPs/ Velocity/
cm”! of intensity intensity time/min of intensity (X 2.75X10" particles/mL) (particles/min)
—7587. 60 —7587. 60 0~6 0 0 0
913 —7587.60 5314.13 6~22 12901. 73 1. 60 2
’ 5314.13 —4505. 78 22~36 —9819.91 1.51 —2
—4505.78 7660. 29 36~50 12166.07 1. 60 3
—13674.2 —13674.2 0~6 0 0 0
1179 —13674.2 6759. 17 6~23 20433. 37 1. 60 2
6759. 17 —5302. 01 23~37 —12061. 2 1.47 —2
—5302.01 10170. 05 37~52 15472. 06 1. 60 2
—6051. 97 —6051. 97 0~6 0 0 0
1586 —6051. 97 2729.53 6~22 8781.5 1. 60 2
2729.53 —3372.41 22~33 —6101. 94 1.41 —3
—3372.41 4050. 22 33~52 7422.63 1. 50 2
. N V. . . . . . . . .
Note: Velocity, y=—=—=, where N is the number of particles,? is the time, ¢ is the Concentration of nanoparticles, V.=

9.514X 107" cm’ is the volume of erythrocyte which the average radius is 3. 35um and the thickness is 2. 70 ym, positive is the

enter speed , the dissolution rate is negative.

J& Sk 3 particle/min. 4K it N F3 W[ A1 179 .1 586 em !
U TE 25 A B 18] B2 N 1) 2. FRATT & B Ag@ AuNPs
N ET 20 R B 1 TR S 8 it ) 3 S R 249 S8 2~ 3 particle/

min. 99 AR T 76 P YR FE A LT 4 MO % i e B )
913 cm 'Y 6 ~22 min, 36 ~50 min) Bk T E M
I KR EZ N 33 particle.
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Fig. 10 Photo of after mix erythrocyte and
CV+ Ag@AuNPs
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U %) Ag@ AuNPs #F A 21 20 B 1 3 5 5 H b 1% it 1)
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B Ag@ AuNPs £ 27 41 Jifd P9 2 LAY B K BR B 19 35
RLE LR 33 Wl M CV B4 ) Ag@ AuNPs
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