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Abstract: During the course of evolution, organisms have learned to utilize materials to adapt themselves to
changes in the environment. In nature, a few organisms can form inorganic nanomaterials through
biomineralization, which can provide extensive protection or unique functions. However, some organisms do not
have biomineralization ability in nature. Inspired by nanomodification of organisms in nature, scientists have
attempted to modify the organisms by artificially introduction of nanomaterials. In this review, modification of
organisms by nanomaterials based on bio-material facial composite technology are systematically elaborated from
the aspects of regulatory mechanism, modification methods, functions and applications, and the research progress

of nanomodification of organisms by biomimetic mineralization is highlighted. The current situation in the field of
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modification of organisms by biomimetic inorganic nanomaterials is analyzed and summarized, outlook for the

future of the field is also prospected.

Keywords: nanomaterials; biomineralization; bioinorganic chemistry; biomimetic synthesis; photocatalysis
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Fig.2 (a) Silicification on HeLa cell surface induced by PEI modification””; (b) Silicification on yeast cell

surface induced by R,C,R, modification!™
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the B-(B-C)-loop of VP1; (b) Gene engineered virus calcium mineralization in situ
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Fig.5 Cell aggregation of Chlorella induced by biomimetic silicification

PEH ) SR AR 2 By SRR A AR R AR
WG £ P S AT T AR AR R E i R A
IRZE Ry (BEETMAE 24 ANl & KM H | J5 4
PR AT KRR FH A 5 | (R 3R A5 1 SR AR
SRR INET A R BOMARE |, BT il 05 A kT k
5 5 40 i 2R A O ) B b o FH B T R R o e
) K A TR 0033, B 3k A T 9 B AT — 1
AT DL R ) A A P R i b An SRR AR AR )
AH 28 SR B AR 55 M 45 1 ) R — b Al
IS 1 A A e R
2.5 HfttrAk

DL LA 2800 7 3k 8 2 I 1 A W R 3R 1 el b
LI GURM R Z G, SEPR A — SR ik 1 AR ) -
MEMER R — YR b n] LS MRS S,
P, FLAE 1989 4F | A k2% 58 R FH s I — 358 I 12
SEIT AR A X R 1 A 000 S R v A
L FH B T A TR A AR R R0 E R X R
T NT 200 0O 1) TR e AR A 30 B 20 Ak 5 A R AR 2
Dy (AR 22 40 B A 2 A B B ok e ] I 2
O EER Y R E AN, EN R B EVT LR
BN OK UL AT DUAE Ak 1R rh SE LA iR AR (8 6),
I3 B B Ak Bl B T —FORr PR HE R AR A
IR FE 30 2 B, /INER 356 40 i T LA 22 % B A 1E
FL 10 SR AR il 4 K UKL | B B AN 5 A0 S A 41 i %
T R A bR B A Y Ok AT P
AR F RN H & 5 B4 ) B 5 MR R

Biomimetic
silicification

6 EV71 68598 K ok 5 i i Ao

Fig.6 In situ silicification of EV71 virus nanoparticle”

M9 R AFUCEC, Fan , KB K FF e e 2
A LA S I 5 TR R R S O HAL S Y 4 e
TS DLOR R, 2 — oA A1 57 (9 RS S 30 A= 1y
(@B JiOE % NUEN

FE F SR F | e md 200 TR e 8% 7E L 40 I 9 G
HI LR (Fes0, BX FeySy)2H LAY “F8 F 517, A EA T
] 3z ) $ it OR 122 3 67 38 o AR T i B
R R G5 RE) 0 40 K A W R A R £ D) g R
BT HEEMIER 28 AR FEY IR 11
Je & 9T B AT 4G T 2 el BB A6 e AR R PR A
R S VNP RE S 7/R NS N: 4 f A S - B
PR UR A 20 5 2o FH 22 25 W A2 2 I Rk 0 R IR A
TE RN SR A5 T R P I A P
T S A SN SR 2 AE R 4 AR YRR
)2 5 nm WBRERES 102 (B 7), BEfS , XA —
SO iR | 7E F A B A ) A IR R T AN [RE
S0 45 K 02 B IV 4 0 oK JBORE | R SOML 2 1 FH At
A= ) A0 B PR AR A T 3 DR K R A B P 1 4
Ja S - SR J BT RH G T X 40 Y T Y 2

reactiyation
e

respiration

| biomolecule # Caco,

Vel 7 T 200 A k19 5 A oK 7 TE AL sl

Fig.7 Formation mechanism of CaCO; nanoshell in

yeast cell'™!



g KL f

T X 200 R A S 0 Ao T T A R BRI R R
SR ZI (0 A | S EL 20 I PN 1) 48 K A R X 4 1
S R IR AR ST P I3 S — Fof B 5 Sk
S =,

3 MRMBXTEWERThEE
Mz F

A ST £ 3 B 47 AR TS BIL A oK A R B0 A ) A
WF ST R | 32 R B 08 40 i DG 75 1 B0 TR A
LA AT B LR W TR T R A — Se R Y T AR T EL7E R
B AR AR B | 45 A AR R R RS
RO, A T RE S AR R IR AR M- AR ELAE AT, AT
SR B A MR T RE R AR ARG ST
XA R I LI B, DL H 23 2e
AR RGN KB R AE A Wy A 1) T BE A i e HE R ] R

ERE

#o% 4R %35 %
AL
3.1 EWREP

HARA PR Z AR, #8232 B han 1
s JE RN AR AR R BN 2R 5 22 B A R R
SR BT LGN R A R A A i S 4 O A T

AECRE 19360, E T ANOR A REE A P A 2l it v i) S
Hﬂ,ﬁﬁﬁﬁ*%ﬁﬁj‘%%?ﬁi%ﬂ@ﬁ?ﬁﬂfﬁﬁoEE?K
[ PR3P VR N = A T R[] B T e AL
3.1.1  4HAELRAAT

Z RN EEH G K, EARGSHE R R [ 4%
1 PO AR O R T O S BT e 40 M A 2 1
b, NTIWET T BRI — 2 700 nm J5 1Y 05 R 45
HRFE T TR S S0 E 0 S ) TR R AT AR SR B PR A
HE M I FLRE 45 i 40 1) 43 284 K 20 B 4 R e AR
HRCPR 25 (B 8a), DRI I ol 722 605 6 8 199 52 - 40 i b 5 3

(a) cell with shell (b)
@ 00 +5""*'—7 Cells with artificial sheel
‘minerallztion ’ % ge m dm] gatioy \\\ T~ ~
after LbL <> FAE e = 1
treatment { . 80 - N\ 1 vy
K N
/ = \\
(o) r\\/ (.\, E‘ \?
& 7,: = 60k
\J" (.) é ™
- & > \
OO ® of e
Vo Vi .
v \,L Bare S. cerevisiae \'
Oq N\ A G\. 20l
A X (o &2 ) ) L L L , , n
) 0 5 10 15 20 25 30 35 40
Storage time / d
© (d)
S. cerevisiae with calcium shell
15 - 06k NP1 :
- : . S
. H—a— RN o S U
N ; e \{ :
o ' E Cell proliferation I
£ 101 ] # ‘g
z ' g ~ @)
Z A 5 04 4
£ i / 8 . Bare S. cerevisiae !
° p
2 : 's i (ﬁ
3 5 Cells with shells . ? B "/ =
R i : | 0N (v‘\\i\
i HCI adde 021 2 i AN
.- — lil—iw/ ]
0 - r i 1 1 1 1 1 1
0 30 60 9 120 150 0 30 60 90 120 150 180
Time of growth / h Time / min
ODgy and ODgy represent absorbance of a UV-Vis spectra at a wavelength of 600 and 800 nm
VI 8 (a) A T R SR 55 0 A B 0 2 0 5% P (b) T 9T o 40 5 990 5 ) 240 M 7 K o

WIS I 7775 2 35 L3080 4 7 30 Ji AL B9 P 547 4 1 (R Tiveddead 6 HE 2R G301 £ 20 6 3 40
U506, BE A0 ) (c) G 0 6 WAL O 5 IBE 52 U 4 I 2 9 A PR B R Al 4 BLBM B 7E 1=60 b b5 Ab

(1 mmol - 11 Eh )R , WEBEPR 5 WA, (d) 13 W B 5 9 (b R B 46 5 T A7 4

(a) Life cycle of normal yeast cells and the encapsulated cells; (b) Curves showing the percentage of living cells in pure

Fig.8

FAT R B A 1 DL

water against time; The insets are the corresponding fluorescent images after 30 d (the red spots imply that the cells

are still alive, and green spots represent the dead cells); (c) Growth curve of S. cerevisiae cells with and without the

mineral shells; Mineralized yeast cells cannot divide and proliferate; 1 mmol- L™ HCI was added at t=60 h to induce

the dissolution of the mineral shell, and then yeast cell recovered proliferating

the presence of zymolyase!®

; (d) Survival of S. cerevisiae cells in



1 fig

A5 5 LR TCHLAN R s A ) 1A B T 5 T 9

{14 1% B 4 A K b ) R AR B TR BRI 7E 1 A
PR BT ] PN 325 3 P B 40 i 1) A6 T2 42 3 80% , 1T
i 55 £ 2 () T B A IR A SE TR 200 159% (& 8b), 3%
A BE 2 R A B R 5 A e S B T LA 40 5 A AL R
B2 22 (6] 1) 400 Jo 38 4 RN A0 i =2 )1 B A8 T AR T, 24
BRSSP 5T e pH=5.5 55 BRI B8 TP s i Je | et
20 i ST LATE 74 24 8c), X JEBERRAS 417 A fig
1S Bl IR A0 M HCHT AN R AR T LU AN A 200 it 284 fige T A7
FET 838 1 BERE AN AE 3 h L4 kA 2w
T 7 5 T2 5 4/ 5 o 2 (1) T2 R 40 i A 35 3 5 58 4
AT ZS (K 8d), Bl JS Choi MASIZH P05 5 1 4 A&
REATL ST BERE 40 A HeLa 400 — A AL RE £
B REW RS B EERE A IR AT — )2 30 nm SRR
FALRESN ST, At B K OR e 4 T P AR A
gk rhCE 30 d, 0 A0 AE AR TG R 56% , T i
B A0 AL N 249 I H B AL RE 2 LT 58 2 R
BT A2 A Hela 40 M 1 6 1 k5 1k AR £
XoF 20 B R A T, R B A R R B T A R R
WAL PR HeLa 20 M AF WG R W35 N, M L5
R 20 A5 R R B A5 I S N 28 18 | X o8 T R
200 L 1% 40 K A e B S ST L AR A7 A 38 48 | Choi

(@)

— v

DR PO A — S SCE R TN T R
A, LR T 20 R AR AR XS I FH A — AN BIE
3.1.2 IR

I MR AR A — N OCHER 2E Hh &
M EARME S A B ESFREATK
TG s) g A 2 0 AR P A AR AR 3E T DL AR
A YRR L R PR e R T B HAR S
TV Z A AN KRS | R R UL N B S I R
B AR )2 T B SC RIS 2 B X R ) )2
B T B AL AL AR S 5 B R B AR 55 D) e Ak 6
FLAT DRFF K 4 038 i LTS S0k i T peie s sz 51 [
SRILG R &, BT N A0 3 2 )2 B 4% et A
P W R ) O X TR R R A0 e — )2 R R K
G, IF H & B R A e A S 0 T RE 40 AT DL AR
49~53 °Ct B P9 PR 4 16 Pk | T 3 A0 R AN I A 52
CHALA 50%WIAFTEF, TE3 S5 F B8 T WAL 40 i U
R, AR OK Sh 7 R B BT 9T A kAR B
(1) &35 ¥ AR Ak | T K 3 T 40 O B 7 P b 3 s 0] A
TS XA 9ok A AR RE Y AT B T AR R
4 i 25+ AR #2294 (8] 9), Ak, Choi TR
ZH MO o A AR RE N ALK B B2 G K Ah e

tam 4

9 (a) IEH BEEEA ML AR S BUE AU TEM [ 7 (b) 1B B0 52 CHAL I 2 h 5 YR TEM B s
(c) AU P kB0 28 1 7 B A 0K 0 AR B D0 ) TEM R (d) —SUAb 6 28 Y T B 40 i 52 b 3

2 h WY TEM [&] J 0

Fig.9 (a) TEM image of native yeast cell without heat treatment; (b) TEM image of native yeast cell after 2 h treatment

at 52 °C; (c) TEM image of silica-coated yeast cell without heat treatment; (d) TEM image of silica-coated yeast

cell after 2 h treatment at 52 C™



10 xoH Ak

%535 %

#o% 4R

Al A /N ER B A M AR AL AR ORI B D RE
U T 92 1 — IR AL 0 A= o 6T
ANEX LY HA T EENE XL AT EA
ek B SRR | 3 A R R R A 2SR FH AT R R
Be (A& gy g ge it | i g s R Y B
RN 50% 105 B TR 902 DR TSR R T Y A
e o X T U2 A i SRS Y TR 2 R EL A
MRS, ) AFE o B A Ak i 7 = o i A%
HH B TR B 0 Ak 19 £ I e BE (JEV) 2 B (] 10a), BT
AT 11 1l TR 65 A1 576 7E AN 5% Wi 28 B /R B SR ZE )
2R R G e I M 0 45 1 F S v T
P FAFRE PE(EL 10b), E= T BERRES 0 b iy 22 1
AL EADRAE 1, AR R e 2R AE 2 d
( 10c), I HAEZE R N1 )G 0 105 i
T P 0B B ) 28 T T PR A S (B 10d)Y, (PR R £

— .

@)

£ T B = R R R B A A 1 e A HE L
3 A 7 2 A R B - T A A Y
IR e, PR AR R TR O T BOKE % £
JUK 4 TR B Al A B0 7 19 ) 90 o R A B A
HO L DIRERY S i, RIS T HA e iR 55
Wk Z K I 1B R 5 (EVTL), 7] DUAE & & 85 5 1
MW A k& BT, T8 s — 2 90k B R 45
JE®L T HATSE K BRI BERR B F AL R B v B
AR g TR R S R R ) PR e P, Y
B R EAT B 0T ) v e R TR T
BriilAg | Kb T 10 Ak RE ) = AT s AR Y
ATl TR 5 A T AR E M B R
JE XA B RIS AREAE BRI A 1 R A A
FI R 1A rh AT SR A T 8 B R ) B A R T e
FE LR, T ELAT W58 3R WA T LU i 3R TR A S

®

Ig[Virus titer / (PFU-mL™)]
N

0 12 24 36 48 60 72
Time post infection / h
2X 108+
(© (d)
F ]'
= 1 1.5x1054 7 7
E 2 ; 7/ /,//
g/ 6 {/;/ /"//
9] = 3 7
g 8 1X10 ]_ // 7 , // /
- T (7} 7 77,
é = /i/ / 7 j/ 7
3 5% 107 7
72277777 / 7
] : 000
‘ 77 // «;/ / 7
4 T L) I T 0 T . T T "
0 1 2 3 4 5 6 7 8 9 JEV Stored JEV B-JEV  Stored B-JEV

Storage time / d

10

(a) BERRES AL M 1Y TEM K75 (b) JEV H B-JEV 72/ BB 4l il BHK-21 A7 i — 25 A4 K 42

(c) BT JEV(SE0) 5 BEMES 5 LR E B-JEV(20)TE 26 °C F M#E 2 H; (d) 4+ 914 JEV B-JEV
s LUS 9 JEV B-JEV /N s 2 JH /N BRI AR H y T 5 A K (SFC & 48 BE A

T 1 240 2
Fig.10

(a) TEM image of B-JEV particles; insert is negatively stained B-JEV; (b) One-step growth curves of JEV and B-JEV

on baby-hamster kidney (BHK-21) cells; (c) In vitro assessments of thermostability. Remaining infectivity of JEV (solid)
and B-JEV (hollow) after the storage at 26 °C; (d) Production of INF-y by T cells of mice immunized with JEV or B-JEV

(SFC stands for spot-forming cell)*”



1 e BAE O A2 TOALGN K BRI A W MR A BIF 5 i S 11

JEL B 7K 43— T ol S0 e T 45 0 7K 0 1) 3 8 P2
T it — R R AR R R N TE B AR
SEME NV ), B SEORE S T AR AR )
TEME T (26 B0, SCYGIERA | 58 2 (0 AL RER 1)
Fe ol R AR N e Im M R RS R ) 2
WU RT 52 B AE AN 5% 0 22 1 056 M 9 1 0 T R R 8 ik
Pt R RERR 1) pH A, S T R
R S ASr RE BT A | 76 P58 e 2 18 5] K A DL o T 5
FEAER TC B TERE DK TR, AR S S 000k W] ek 1k 1 922
HARREER I T 29 10 £%, FTLAFE =R TR 35
Ao R T S 3 T e 2 A P 9 B
Ut G E T E LT R A B, @A PEI
Xof 97 S48 T 28 TR A T8 i 5 12, TT LA S B T )
T AE AL, I L RWR BE B 2 B IR T DA
JEV Rt A0 i b5 i AE = R T R A =
15 d, UG fEDT Ak BB R A5 A 7 R R i AR
e TS R O o N 1 e S 7y /U
K = SR AR AR A0 22 5 v AT LA JR] I R s R E M A
PEJRME e B AR S SR T 5y —Fh R m
XA PR B DR AP LS BT 2 BA R R AP AR
A e B B ORI T EL A SR A R AR AE 25 )
il b AR AR T A AR B E L, TR A
T AT A Y T R e AR A S A T P
T TR 605 400 DK AL e (1 11, ol A5 o 4 A L i A 30
FZER T R T S A e, EEEW
= WFFE R & B 2 B IR A5 Ak Ah 52 bR T LA LRI
S48 Ay 2R R B [ E AR A, TG JE AR TR A AE 1Y)
SRR A R LT B A T R R I DGR  R | e
T Wy A AR K oy F S E A R H A A, U
TR RRE 0K A Y A T 8 s S A R R R

Structural \J
water

® CaP cluster
CAT A H0

t Ne ACP

11 JoE BB A5 4 1L B 2 ol S AL S g A5 1
71 T e
Fig.11  Schematic view of the entrapped enzyme inside
the calcium phosphate (ACP)-catalase (CAT)

nanocomposite!'”’!

TR o B SR A4 | 00 T AR A TR K A TR B
iz 26 R 00 T 45 R 1 IR | DT 2 R R 1 )
F R PARE Y X R LUE YAk R Al 0 b k- 2R
FIAHE A 0 D7 AR A J5 B s A= ) K4y
T B AL T — AN A L TR A v
AR FR E PR S T — N BESAR A
3.1.3 iR

B N2 ] AR AR IR R B K A W B
TG AERPE R SR T AT B e, e a it
Y, B W B o R O S T R b Bk b R R
IR R A 7= I BER R GE2 0 DL 3Ok i) A 42 BR
TLERE | BAEAH 250 1CM 1Bk DL A ALk 1B
2k i v [ 30 R A 0 A T s g
JUTAFAE T 0 A 1) ki R K A= BR B v | A b R4 4L
T 20%~30% 156G A 77 J1 3T H AR 2 450 TW 1
HARRE K BH BR 5% A6 A A W o it A 1 Ak 2= e it LA
W TR 25 30 0 R VR T SR N B 85 ) e
g B 0 wEEMEM, EE, AR PRAEDH
JeAE R — MR S R B BT
Al SR A 1 B R 32 B 45 Bl PR8I0 9 5 e 13134 i)
0 S 0 S R s O A UK Ao B Y O AT
DL ZEMfl s e AT 2L SBOEa 8T
(16 E AR 551 BRI | A i A ) 5 b
P BN 22— T LAY 5 ot WA 1 B i) S
HT 3G GG R Pk % A w EENER

SR B o 0 T 8 AT DL o AR Rk AR 4G
PR B 9 oKk — AL RESN ST H B SR AR AL AR AR 3
G T 710300 358 A~ 8 A 5 4 1) 0 58t A o 2 ik
BEAE A ERSCRN EZEN | 2 B S
Ja A, RE R AES g I B AR I B PCC 6803 (Synecho-
cystis sp. strain PCC 6803) 5 X A= 9y | i o {5 4= 6
R F B N T T 5 3 R 1 — 2 4ok R — 5 fk
RESNT (] 12a), 38 5 B 5 40 26 1 — SR REAN Y
JeE M B A B AR AR RE A T LA Bh W 3 4N i fE
PAAR K — &R 2 1 G RE (B 12b)8 R IE 7 o6 IR 2%
7 =R = X A N e o i B SN
MGG (2 s 5 R a B/ B SRR A
(B 12¢)8, BRI S 130 X Fh 4l e 41 i Rk 4
BCA T A AR BL G BRSO Aok < Bl il X R
— i I R A B AR X A0 ) AR T A R
R RSEEER, TSI 706 A& A B et
A=W S5 A B BE I ASASURT DL AR A PR 2 1 AR )
REUR A B T 92 I 2 3400



12

xoH Ak

A
2

%M %535 %

BEE AT B0 R WA WK 2R PRI 2
AL A B8 B — A R - i E R
JEE LR B, FEad £ AIE 10 A24F )RR Y
RAZ AP # Bk b B9 A W e s A AR 0 PR
ik B S AN (UVB) R 13 10, AL RR S AL 22
XU WAL 7 A a2 K AR B 7 A
T [ OR T A A B AT LR TSR TR R 14 Bk

@

—1v2~ PDADMAC
— B2 PSS
LbL assembly
Cyanobacteria
100
()
80
60+
o
&
404
20+
0 T T T
400 500 600 700 800
Wavelength / nm

WA A TE R B X S AN HUST RE T, DT 2 ik 5%
SMCHa U, Z 3 [ R AN s AR i A R B )
K, B G i A ok o A oK A A Bl A e B A
L /NEREE AN, SEEL TR SR AL M aa i 22 A (K
13a), 17 A< 2005 5 05 2 7 A ) T By B 5 £ 52
G 0 40 J0 b A T — ) W R B Y Ah o | IR Ah e
A AR WO S P 8 55 SR AR ) AT A B 5 01 32 H

biomimetic silicification

Cyanobacteria@SiO,
500

©

400+

300+

200+

100

Oxygen evolution / (umol-h~'-mg™)

0 100 200 300 400 500

Photo flux density / (WLE-m2:s7!)

P12 (a) W 86 40 B 2 T 07 A i A 3 AR 7R TR IR (b) 385 368 1 988 A0 (2 2) 5 Ak 1 98 A L (Ol 280 ) SR AT LS 38 (B ST 85X,
(c) 5 38 i 2 200 B (L0 2k) 5 b 1 38 A0 B (1 ) 7E A [l D A LA 1,40 8 T (BQ) A HL 32 AR IR ) ol Tl 45t e s

Fig.12

(a) Procedure for silica encapsulation of individual cyanobacteria. LbL. deposition of PDADMAC and PSS onto the

cell surface induced the formation of silica coating; (b) UV-Vis spectra of native cyanobacteria (black curve),

PDADMAC/PSS multilayer-coated cyanobacteria (red curve), cyanobacteria@SiO, (blue curve) in the transmission

mode; (c) Photosynthetic evolution of O, with 1,4-benzoquinone (BQ) as the artificial electron acceptor in native

cyanobacteria and cyanobacteria@SiO, cells under different light intensities'™
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(a) Scheme of One-Step CeO, Nanoshell Formation on the Chlorella Cell for UV Protection"}

(b) Scheme of LagyCeysThysPO, shell for guarding embryo development of zebrafish against UV radiation!*!
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Table 1 Approaches and applications of modification of organisms by nanomaterials

Organism Material system Method Function Ref.
Yeast Calcium phosphate LbL modification Cell protection [68]
Yeast Silica LbL modification Cell protection [73,75-76]
Yeast Reduced graphene lon binding Cell protection [89]
Yeast Au nanoparticle Direct adsorption, ion binding Cell protection [80,88]
Yeast (Ploy)Dopamine Direct adsorption Cell protection [82]
Yeast Silica Direct adsorption Cell protection [78]
Yeast MnO, Other method Cell protection [180]
Yeast Calcium Carbonate Other method Cell protection [113]
Mineralization-induced Biological-artificial
Escherichia coli CdS/sio, ) ) [105]
aggregation photosynthesis
oo . . Genetic engineering, )
Escherichia coli Silica Cell protection [94,107]
other method
Cyanobacteria Silica LbL modification Photoprotection [138]
Mineralization-induced Environmental
Cyanobacteria Silica ) [104]
aggregation governance
Chlorella TiO, LbL modification Cell protection [74]
Chlorella Si04/TiO, Direct adsorption Cell protection [119]
. Mineralization-induced Photosynthetic
Chlorella Silica ) ) [103]
aggregation hydrogen production
Chlorella Ce0, Other method Photoprotection [111]
Zebrafsh embryo LagCeoasThossPOy LbL modification Photoprotection [145]
Red blood cell (Poly)Dopamine Direct adsorption Biological stealth [157]
Hela cell Silica Direct adsorption Cell preservation [77]
HelLa cell Calcium phosphate Direct adsorption Cancer therapy [79]
Japanese encephalitis Genetic engineering,
Calcium phosphate Thermal protection [92,125]
vaccine (JEV) ion binding
Human enterovirus type
Calcium phosphate Genetic engineering Thermal protection [99]

71 vaccine (EV71)
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Adenovirus serotype 5 (Ad 5) Calcium phosphate Ton binding Biological stealth [152,153]
M13 bacteriophage Co304, Nano Au Genetic engineering Energy material [95-98]
Alcaligenes faecalis CaP/Fe;0, Other method Biocatalysis [175]
Biological-artificial
Moorella thermoacetica CdS lon binding [90]

photosynthesis

400

© | Native cyanobacteria
77} Aggregated cyanobacteria

W W
(=2
(=T

0, saturation concentration in
A / culture medium (30 'C)

N
193
(=}

1504

—_
(=3
(=1

(=]
L n

O, concentration / (umol-L™)
3

W [=3
(=}

(=]
T

0.5
(C)]
0.4+ . ;
—=— Native cyanobacteria
—e— Aggregated cyanobacteria
0.3

0.2

0.1

Microcystin concentration / (ug-L™)

YT —1—1—1—
01 23456 7 8 9101112
Time /d

B 20 (a) AT PDADMAC 3% 5 — %0k 44 K UKL 15 4% 4 0 28 PR (b) 2045 AT A U T 49 1 o i
FEBEAR 0 40U A5 B T F0 75 £l (c) T4 R0 S92 00 D e 1 50 1 40 L0 o 4 VG B2 9 254 (n =5
(d) 58 0T S0 4 D 8 1 5 9 ) 40 L 4 0 25 28 I (=509

Fig.20

(a) Scheme of the direct incorporation of silica nanoparticles on the cyanobacteria using PDADMAC; (b) Native

cells (before treatment) and aggregated cells in the beaker (100 mL) at different times, which demonstrated rapid

sedimentation of the cells in the presence of silica and PDADMAC; (c) Oxygen concentration in the culture

medium of native and aggregated cyanobacteria (n=5); (d) Extracellular microcystin concentration of native

and aggregated cyanobacteria (n=5)!"
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