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Fig.1 Characterization of chiral SQDs
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Fig.3 Cytotoxicity results of different concentrations of L-Cys-SQDs(A), D-Cys-SQDs(B), L-Cys-MoS, QDs(C)
and D-Cys-MoS, QDs(D) after 24 h of incubation on MARC-145 cells

2.3 F M SQDsHIMMLITARENH

YR KL B4 4 £ L 5 A K 2R M VAR
Ko T SQDs M 5 1Y 2 1 i K F- AR I 1 2 )
22 5, ARAF S MCF-7 40 il 43 51 5 L-Cys-
SQDs F1 D-Cys-SQDs #: 1% 3% , i i CLSM il FCM
ARG 58 T F1E SQDs B4 N4k f7 R . CLSM Wi
FEE LRI (I 4A) , A AL B MCF-7 20 Jif A &5 I
FIHBWAEE T, HEZ T, L-Cys-SQDs 4b 2
41 (& 4B) 52t i B 2 5+ D-Cys-SQDs 4b 3
41 (F4C) , F W L-Cys-SQDs A 41 g P9 Ak 5 1t 5
T D-Cys-SQDs, X — 45 438 it FCM & & 53 Hr 1%
SN — LR (KIAE,F), & it 8ds ion , 50 4
H I, L-Cys-SQDs I D-Cys-SQDs 43 5| ffi MCE-7

11 M B ¢ 6 5 N 24.8% A1112.7% , Bl L-Cys-
SQDs Y 2 il Ak 1 29 2 D-Cys-SQDs 1 2 i , 3 B
MCF-7 41 g X SQDs 1) 4% B B A7 & 3% 19 F MK
i

JLAE L-Cys-SQDs 1 5 9 Ak i EARBIL ] 14 A 58
U EARE S LR R A K — 2 NS/ : L-
Cys-SQDs ¥ 42 (2.2 nm) /N F D-Cys-SQDs
(3.2 nm) , 7EAH R BT 5 9 i (4.0 mg/mL) &, L-Cys-
SQDs 1 UL Kk B2 B8 iy, X AT R4 4 T LR Y
AR 5% ik =)t e S NP S A R ]
% 1] TP L 240 B B9 5 i 8 B 68 T 2 11 B
BT SR 200 P A R T B T 1 5
it 2% 1 T PE 2 2 T L-Cys-SQDs 8 /iy R~



172

LS N AN S o ¢

944 %

] B fil 2 AR H S R AR XS D-Cys-SQDs A7
TEZE S, N N AR . LA RS RER W], SQDs
(10 s 0 3 v P 3 (] 900 FL A0 M P A AT R L X A
A Tk 28 Ok A R AR WA A R i T R
2%,

Zeta HUALEFE M PN LI GBI 32, 2 T4k
TIURE R T L AT (Zeta B L) 15 200 D F5% BROROR B 85 DD G
HRAE , AW TE R G371 L~/ D-Cys-SQDs Y HL AL 4F

B

h Fluorescence

>
Cell

L-Cys-SQDs

D-Cys-SQDs

PERHEA YR X R AR R (B 4G) , L-Cys-
SQDs 1 D-Cys-SQDs ¥ 5 B 1 H faf , {H L 7 Zeta HL
fr 4 XHE B #F /T DR (—256+5.2) mVys.
(—17.6£4.0) mV]. RV, IE/H Zeta AL 24
X R, 55 200 B B 1 7 L AH B AR, A Ao
A, 1 Zeta LAV 3 38 1 5 40 K IR 5 40 i G )
FL W BT, AR 1 AR 5 T v 2 o D S PR A A
Wi R S 45 SR AR ST i — 8%

_35_
z
2
©
B
= -30}
= ~25F
10° 10" P
FORHRE FLI-A:FITC-A s
120 3
E & b
s
S
2 90 G N
s S B i}
8 = o0 FITGA subset E =15
i 5 ®
= EL

30

10° 10"
PENEHRI FL1-AFITC-A

F

FITQ-A subset
0.4

8 &
o o
72} (7]
% &
- -
g9
~ Q

T T
10° 10
PENGHMEE FL1-AFITC-A

A:MCF-7 41 i 76 AL B 12 h & A SQDs 9 411 it 5142 SQDs MCF-7 cells after treated for 12 h of cellular images without the addition of
SQDs; B: MCF-7 40 g 7E 4L £ 12 h il A L-Cys-SQDs B 21 it €114 Cell images of MCF-7 cells treated for 12 h with the addition of L-Cys-
SQDs; C: MCF-7 4l il 78 4b B 12 h il A D-Cys-SQDs B9 21 i 1% Cell images of MCF-7 cells treated for 12 h with the addition of D-Cys-
SQDs; D: KAl A SQDs 11 3 2 41 g €] Flow cytogram without the addition of SQDs; E: Hill A L-Cys-SQDs (1) i 28 41 i €] Flow cytogram
without the addition of L-Cys-SQDs; F: il A D-Cys-SQDs #Y it 2041 if ¥l Flow cytogram without the addition of D-Cys-SQDs; G: L-Cys-
SQDs, D-Cys-SQDs f{ Zeta B #: & Zeta potential of L-Cys-SQDs and D-Cys-SQDs.

B4 FHESQDs#HNFHMCF-7HEER Zeta BT
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and flow cytometry and the Zeta potential of chiral SQDs
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Mechanism of differential cytotoxicity of L-/D-cysteine modified chiral
sulfur quantum dots on human breast cancer MCF-7 cells

NING Keke, LIANG Jiangong
College of Chemistry, Huazhong Agricultural University, Wuhan 430070, China

Abstract  Sulfur quantum dots (SQDs) , as an emerging class of non-metallic quantum dots (QDs) ,
have attracted much attention in the biomedical field due to their characteristics of unique biocompatibility
and low cytotoxicity. However, there is still a lack of systematic studies on the interaction mechanism of
their chiral surface properties with biological systems. This article successfully constructed enantiomeric
SQDs (L-/D-Cys-SQDs) with mirror symmetry structure based on the chiral surface engineering strategy
using L-cysteine (L-Cys) and D-cysteine (D-Cys) as chiral ligands. The results of circular dichroism (CD)
analysis showed that the enantiomeric structures of L-Cys-SQDs and D-Cys-SQDs were identical. Cys-
SQDs had positive and negative mirror symmetry signals at 200 nm, clarifying their differences in chiral
conformation.Human breast cancer MCF-7 cells were used as a model to systematically evaluate the confor-
mational relationship of SQDs. The results of MTT assay showed that the cell viability of the L-Cys-SQDs
group after 48 h treatment with 4.0 mg/mL SQDs, was 80.4% , while that of the D-Cys-SQDs group was
significantly reduced to 66.0% , indicating that the D-configuration SQDs enhance the toxicity. The results
of flow quantitative analysis showed that the cellular uptake of D-Cys-SQDs was 12.1% lower than that of
L-Cys-SQDs, indicating a negative correlation between the cell internalization efficiency and toxicity. The
results of the DCFH-DA probe assay showed that the level of intracellular reactive oxygen species (ROS)
was elevated in the cells induced by D-Cys-SQDs compared with that of L-Cys-SQDs.The “configuration-
dependent toxicity” phenomenon of chiral SQDs was revealed and the phenomenon of low uptake-high
bioeffects was found, breaking through the traditional cognitive framework of “positive uptake-toxicity cor-
relation” of nanomaterials. The chiral surface engineering strategy established will provide a new idea to pre-
cisely regulate the biological effects of SQDs, with both expanding the potential of chiral nanomaterials in
the diagnosis and treatment of diseases and laying the foundation for designing the functionalized QDs with
low-toxicity.

Keywords chiral ; nanomaterials ; sulfur quantum dots (SQDs ) ; cytotoxicity ; cell internalization ; cel-

lular uptake ; reactive oxygen species (ROS)
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