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Abstract: Metal-organic frameworks (MOFs) are formed by self-assembly of metal ions or clusters with organic ligands,
and are widely used in the fields of catalysis, sensing, energy and biomedicine. Recently, biological composites based on
MOFs have attracted increasing attention. MOFs can be used as a platform for encapsulating bioactive substances due to the
advantages such as large pore capacity, large specific surface area and diverse structure composition. These features can
protect bioactive substances from adverse conditions, e.g. high temperature, high pressure, and organic solvents, thus
improving the anti-adversity of bioactive substances. This review summarizes the advances of using MOFs as protective
coatings to improve the anti-adversity of different bioactive substances, and introduces the synthesis strategy of MOFs-based

biological composites, with the aim to promote the practical application of MOFs-based biological composites.
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Fig. 1 Anti-adversity of different MOFs-based biological
composites.

1.1 MOFs @1f 8 —ff
1.1.1 JEERE

w4 LA (Catalase, CAT) fE£7E T84 3h
YIRW, gL A AL S o R AR, Tz N
AT T 254 T FSE .

Shieh 2581101 Liao 2K i FH M Sk & o
CAT itk A% ZIF-90 (1 £1 Wkme s 4 JE A L 42-90,
Zeolitic imidazole framework-90) H, & W T
CAT@ZIF-90. Fi# ¥ CAT@ZIF-90 Fil CAT 7E%E
Hig K HFE 2 h, #EE CAT KEEM; m
CAT@ZIF-90 Jh AR FEAAE (K 2), Ja#&H &M
CAT@ZIF-90 7EAsPERH (JRZE) FIEiE (80 C)
T, S#EEE CAT ML, AELARRE T HL245 444
AP AE /N, 2017 4, Du ZERONE i Sy 1 H
REEAN CAT WEAREGYI KT, Bt
FALEERYK I FE  (Nanocapsules of CAT, nCAT),
PAIFH nCAT@ZIF-8 (WA PRI 4 Jm A P 42-8
Zeolitic imidazole framework-8) 7£ 65 CTﬁﬂ%ﬁ
60 min JEARECRFFIHIFEATEVER 78.79%; [k
10 KU, AT AR BR DA i PR Y 87.12%, 75 28 d
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AR A G PR 95.96% . TMi#REEE CAT 1
65 CHFE 60 min J5iGTEAUIRH 5.774%; It
PR G MER 25 29 60%., 2018 4F, Zhu 2:BUAIR W
Pk CAT WHETE ZIF-8 v B iU & G W7E 65 C
JFHE 60 min JSREREE 44.2%0076 M, AR
CAT 5% B AN 6.6%; LA, & ME GWITE 5K
TEI AR5 80% TG PE MR IR TE A5 .
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Fig. 2 Water-based synthesis of ZIF-90 with encapsulated
catalase and its functional activity.
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5%, T Fes0,@ZIF-8@MR TN 2K 25 1 20%1144)
GIETE. AL, Chen 250 1 VT e A Ik w b 4
i 22 P EE g i AY'S &2 531 AYS@UiIO-66-NH,
(HLAG A e e 1 1 55 5 MOF, zirconium-based MOF
with a primary amine group), 241 M 30 ‘CHE
F| 60 C, ZEWE AV MEALE MR AR
70%LA |, MARER ) AY'S 18 TH i A Ak 1
M\ 59.04% T~ 21| 46.99% ;4 pH M 6.6 £ 551 8.5
i, B EYEALTEE N 72.57%F%F] 70.02%; fij
PREE AYS [KTETE M 57.84% 2 8 T 43 36.97%.

1.2 MOFs [E 0} & 3 % #iis

W& T [ E B, MOFs 1 a] LA [&] i [ & £
P, 2015 4F, Wu ZEPCHH T 55— AN E H K
VS E A IR DTE T I A N Z WS A MOFs 1 i)
-, WA LG (Glucose oxidase, GOX) FI
Wt kY (Horseradish peroxidase, HRP) HJZ%
IR R B 24 ITE ZIF-8 . GOX&HRP/ZIF-8
TEZ WM EE 22 vk (Phosphate buffered saline,
PBS) HEHE 7 d fREET 80%MTE M, 1 #RER i
RGTE 2 d LR T3 50%0Y 1% 1 s GOx il HRP
1€ 37 CHEE RN L 30 min J5 i 45 gk —2F
1Ml GOX&HRP/ZIF-8 TE#H [F 554 T AR +5E T JL-T- 41
6] i 16 M 5 7 EDTA i 0800 1 wt% oL T,
GOX&HRP/ZIF-8 [ AR K EJF A 95%, 1
PREEIE R G0k 5 T IRk 1 90%() i M . 2019 4,
Song 2B L HRP F1 GOX 1 Sk M 760 fifg 1545
PRI DNA SZEERUIR S5/ HEA T 228k, T
¥zl A2 HEAE ZIF8 f o 551
GOXx&HRP@DNA/ZIF-8 t GOX&HRP/ZIF-8 ¥
RBI, R Z AR MR
GOx&HRP@DNA/ZIF-8 7£ 50 ‘C . 75 min REP- 45
95% 1% PE, 7 60 ‘C. 90 min BRELETS 89%I1)
TG, o AE R Z AP R GOX&HRP@ZIF-8
B 4.1 f5F0 2.2 1%, L4h, GOX&HRP@DNA/ZIF-8
22 [ AR I AR5 PR T LA () 1 Dt it e
2 SN CRERE T )5 DR B T R 40 B il v 1 5

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

AR R S5 T AR A2 PR 0 iU 2R 2 R 43 I AT
WM. Cheng ZEPRILIK BRI kN, RIFBIARFL
0 & T 53 2 L R A FL Y BE E MOFs
(Hierarchical zeolite imidazole frameworks-8 ,
HZIF-8), JH:[RIm s HRP Fil GOx, #RFEEHE
65 ‘CHI1 95 CIYMLAE T2 T 80%7F 100%HY 14
P, 1M GOX-HRP@HZIF-8 {X 45 41.6%7#1 72.5%%)
ik,
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JSE A Z A I A OO I R AR R A 4 T
it A9 A 3 A e ELHEAL T R, I Lol A - [ g
FIF R AT RE . HISNA GOX/FeNi-MOF IR #2 Y
GOX /3 FIAEAB LK I E 7 d, Fpel e 010 i v
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W, MEZ T, EER A 30%0 EA TE
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AW AR R T B A S R R, Hop
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F R R kR E P A 5 RIBER S I E, 45 Rk
W S 0 A 2R A R T AR TG PR R (H), H
FUPIA 25 B PR R MOFs 475 8K i Ifa 7 1 A5 5
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T 2L AR B 25 IS PR MOFs 1 RS Ik
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2 REHBRE Y

—VIEYMEAER, ©S5E K%M,
st g . AR, TR AR, R RRTE
IER L BR | OBRAE SR S A, R IR 5 MOFs
FAGE A S AT LAAR 5 & A Bk . He 251
i FH AN K RUEE () MOFs XA 38 26 M1 N SR S /N T
Pt RNA H Bt (siRNA), 1 i3 1T 2R 2 24 i} 24 35 (R ol
TS 245 B9 5 96 240 R X U136 o7 B0 s ok 1 iR T
RO o ELARSE W U i A 245 9 A 22 245 T 24 35 BRI
BR SIRNA 43 91) 308 12 J 24 A0 2 v i o2 19y =X 67 2831
NI Uio NMOFs H1, NMOFs {44 siRNA .,
Z TR IR, 1958 SIRNA 4R MR, JFE gk
SIRNA MAAZ A {4 39k 36 1 i I 41 B9 595 200 B v A9 0
BR L 25T 2R L 2019 4F, Li 21V B a0 A
WAL I TTVE B9 7 VoK R DNA 3R35 H 3 4k
¢ Y65 1 (Plasmid DNA expressing enhanced
green fluorescent protein, pEGFP-C1) 4 #}7E
ZIF-8 fl ZIF-8- 54+, 153 pEGFP-C1@ZIF-8
Hl pEGFP-C1@ZIF-8-PEI125kD, A] LAJKH M A%
W BRE 1 (R

S 3 ki 2

2 2 A A AR B 45 K RO ) RE BT, MOFs
VE 20 M 1 PR3 22 1T LGRS 4 M HCHT 2 3145 AR )
HE MR, ol S iE i et . fia
AL 2 ) BT 4 R 1 RE

2016 4, Liang 210 vciil W AT LAZE 16 1 4
AR IAIE K MOF # kL (ZIF-8). 4 ZIF-8 Tk
J2 V1R T B A 355 IR A 55 T B 4 I AN 4 W 1Y)
B, SRJE M R SR B b S s e i,
PEEFE/RT (FDA) XTHANMITE 71647 24 h B4
W, Z\F-8 £ 5% BT BE (1 2 ' & SR 7 A B R Y
Ak (3 h Al 24 h 3 B4k 5.3%7F1 19%), TMixt T
TR EEEE, 78 3 h NZEORIA T 95%; FEdL
ELIR 24 (Filipin) fRTER SR T GREAY X Rl

% : 010-64807509

FLHZYIAF I ZIF-8 MIIMFLIEK) 535 24 h
&, AP R BEEE JLF 100%5E T, A ZIF-8 i
JZHmE RS T TF 10% (8 3). —4F)E, %
P AT T B A i 7 408 R IR B A A, SUHE
WELEAA bk b —)2 B-2RFUMET I, SRS TERRR
J2 FIE L MOFs IR, 3 foff 24 i Be 6 7E S 4DL 1 A
WHATE SRR P AATS 7 d DL, A0MEIE R R
| 30%, MM JCORA BRI AT 2B T 99%.

4 REWFHHL R

FIH MOFs [i 5 93 8 T J5t 1T LA 22 50 St K
Pr— Ly i B, XA T
TR BT AE 2 B 4 1z

2017 4¢, Jiang Z AT MOFs f94: WA+
RN T DS FIRULSEE (Bioplasmonic
paper-based device, BPDs), 7&= iimAl&iE T3k
REF— DA MREM. BA ZIF-8 R Zry 5T
FERWEFEIREME A 1 (ZIKV-NS1) ) BPDs7E%
it (20-23 'C) #1160 CAE 4 )G, srilfiss T
T 89%7H1 78% Y YU RE 1 . T A {47 /= Y BPDs
33X PR I B2 T R 2 T gl 2R R 43 19 A= R

Formation of

MOF coatinf

Degradation of
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Cell re-growth

E 3 BISHEMEINERABHNFTEEETEE (K
B Liang et al“®)

Fig. 3 Biomimetic crystallization of MOFs coating on
yeast cells (adapted from Liang et al*®).

. cjb@im.ac.cn



4020 ISSN 1000-3061 CN 11-1998/Q =¥ T #2244k  Chin J Biotech

R 1. [F4E, Bhardwaj M4 iy MOF-Ig A
HE WG S TEREAE 100 d 2 )5, JEEK e 1 v
HEEZL (NT 3%), XULHET MOF-EH
A B A ) A TR T A = I A A T R T R b i
f. Mk, Luzuriaga 2550 Li 2500581000 2 28 i
B (TMV) RS 7E R M % 7 MOFs 572,
11 FL A8 X I AZ 576 52 G ARk e [l i s 52 4 1 5
Wk, 4 TMV@ZIF-8 431 100 °C 20 min J5
ESMKIBAZE, Z ik ik—2 M T TMV@ZIF-8
(R SRk | A e Ve AR R ST B R S B S

I kRl

405 TN OB IR YT L AR R A A
S (H A A S B R A BRI
(I eT ) 2018 45, Ji ZEPUMRIE T 4K R 1Y
PR JE MOF  (Zrs04(OH)4(BTB)2(OH)s(H20)6)
JRE 8 5] A BE PR AR 1 I v, FE N TR AV T R
F UL 1% MOFs Fh 52 LR 47 ) A% PR A (#4
fi 2 /K G A Moorella thermoacetica) 7£ 21% O, ¥
B 2.d, fEIE AR 76%+8%, HIRA K
TFT 83%7% MY AATH FAH Y 5 AR &R I A2 /R
G O T 53] 50%+7%, JET- R T 5 1% .
7 2020 4F, Yan Z£PNER] MOF T8 14 2 i i
)R YT 8 24 SRR BRAA, SR — B LA Lk R
KIGAFTE i b2 ZIF-8, ) BiR 2 Bt
SEHGA AL 259, 155 3R] E. coli@ZIF-8/C&D
RIffi7E 4 CHEAT 2 MR o 1

6 K&EHRE

LA, MOFs Ay [ A= 1 15 1 0 Joi 114 2%
R 7T KRB AR E O s, X d T
TR RAVE RN EYE S UM . 2R
A R 2 AR AT T R R TR S . fELE, AT
LA RN ET &R AVE R EYE Y
B i A2 DI R ) T 0 A BE S R AT T
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45, CARIER) MOFs [ E A= Wik TEY i p b2 2
FhZre, M. BPRAFEY)/N T4 R B 4
TRTE AN SEEYIYI. J35h, A28 MOFs #1kH
AL BA RN, WHEALTERESE, (LN TG
2B TE, BES TE i A PR SR AT B
FE LS FT MOFs AW E A YTE R i
e e AR RN R i A S D i B
RAFRFREE, 0 B A Uil v AR R B 4
BT HOR SR A EIE AR .

N TR TIET SR AL R EY
BPRPUPERCR s A A SR
PAF L5 TN s BEAT TR AR SE . 1) & FH AL
A, AT LR R B AE Y EOR A TR L R A ™
BAS 5 2) Al R A8 A B B D REE
MOFs, {2 Bt B IR BE A A= Wy peadi PR R B R A
[ B $3 5 00 S R, 32 3 By [ T A9 28R 5
3) ¥R MOFs 4 & 2L Wi vk ¥ o 6 1 i HL
M, ASlE, MEEAY . by WIS R
FHOT TAE & g0 2L 6 85 0 R RE 8 ik — 2D S ok 7
MOFs HyA= W5 & WPtk , DA BE 4 4E 5
MOFs HARTEH T A WIbERE | 1 A2 Wiialsn) &
ST A A
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