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Improved Synthesis of Closantel Sodium----------+-+-eveveveee..ZOU Y, LI L L, CHEN R E, SU W K*
DOI: 10.16522/j.cnki.cjph.2018.08.006

Catalytic hydrogenolysis was used instead of reduction by iron powder to avoid
the discharge of iron sludge, simplify the operation, and increase the yield from 84% to 92%.
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Using triphosgene as an acylation reagent to
prepare 8, the yield was increasedfrom 81% to 94%. | .

""""""""""""""""""""" | The total yield was 77% with a purity of 99.3%. 1
L H

2

Improved Synthesis of Temsirolimus:---------------BAI W Q, TANG Z B, SONG C L, ZHANG G M*
DOI: 10.16522/j.cnki.cjph.2018.08.007

Excessive hydrolysis was avoided through closely reaction monitoring by TLC. In addition, after
a purification of compound 4, the residue of 2 was further reduced to less than 0.15%, which would
reduce the formation of impurities in the following reaction and improve the quality of the final product.
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Compound 5 was hydrolyzed in 2 mol/L H,SO, to remove 2 protective
groups in one time and afford the target compound witha yield of 94%. ﬁ

temsirolimus

The purity was increased from 98% to 99%,
and the total yield was increased from 60% to 84.3%.
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DOI: 10.16522/j.cnki.cjph.2018.08.008

Friedel-Crafts alkylation was used instead of
the Friedel-Crafts acylation and carbonyl reduction
which usually be used in literatures to shorten the route.

| The reaction temperature increased from ~78 C
| t0-40~-20 C to make it easier to control.
v
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OH cl S T
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2
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The overall yield of this improved route was 43.0% with a purity of 99.21%.
The content of the impurity a-empagliflozin was less than 0.1%.
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) H,0, was uset_i instead o_f KMnO4 to Pd/C/H, was used instead of chromium trichloride, the work-up
avoide the waste residue and simplify the work-up. was simplified and the risk of heavy metal residue was reduced.
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The greenionic liquid [PSmim][HSO,] was used instead of perchloric acid
to increase the yield from 80.7% to 98.5%, and simplify the work-up,
in addition, the ionic liquid could be recycled and the cost was reduced.

1109 Improved Synthesis of 2-Trifluoromethylpyridine-3-carboxaldehyde----LU Y, WANG P P, QIAN C*
DOI: 10.16522/j.cnki.cjph.2018.08.010

NH3 was used instead of ammonium acetate The usage of "one pot” method
in methanol to avoid the hydrolysis of 2 and 3. was green and efficient.
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Manganese dioxide was used instead of dimethyl sulfoxide,
which was economic, low toxicity and easy to operate.
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1149 Determination of Nine Active Components in Yinhuang Tablets by QAMS Method: -« ------exeevenen.
....................................... NING S B, WANG J F, ZHAN Z S, ZHOU M B, XIN D, TENG J L*
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Determination of (S) -Enantiomer of Ramosetron Hydrochloride by HPLC and Influencing Factors
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Development Status and Industry Upgrading
Countermeasures of Dispensing Granules of
Chinese Materia Medica

|

‘ policies and regulations‘ ‘ research status ‘ ‘ existing problems ‘ countermeasures
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main content

rapid development ! | standard non-uniformed technology and communication

related documents preliminary study technology and equipment
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1166 Impact Analysis of Regulatory Strategy of Combining Manufacturing Authorization Certificate and the

GMP Certificate on Pharmaceutical Producing Enterprises----ZHUANSUN Y, YU J N, ZHU J X*
DOI: 10.16522/j.cnki.cjph.2018.08.019

= The Impact of "Two
huge Certificates in One"
influence Regulatory Mechanism on
Production & Quality
Management of Enterprises
== The Impact of "Two
Certificates in One"
great Regulatory Mechanism on
influence Sales & Operation
Management of Enterprises
The Influence of Inspection
Mode on Pharmaceutical
Producing Enterprises

little

The Influence of Routine
oderate Inspection Frequency on
influence influence Pharmaceutical Producing
Enterprises

The Impact of "Two Certificates in One" Regulatory Mechanism on Pharmaceutical Producing Enterprises

1172 Selection and Control of Starting Materials in the Process of Chemical Synthetic APIs Submission

.................................................................................................. DU S, LIANG Y*
DOI: 10.16522/j.cnki.cjph.2018.08.020

Study Range Design (Forward Analysis) Quality Backtracking Based on Initial Test Results
Comparing the synthesis process of starting materials (Reverse Analysis)
(SM) and API, focusing on: According to the results of forward analysis, test the
1. Materials used only in the starting materials. following items in API and intermediates:
2. Physicochemical properties of starting materials. 1.solvent, 2. catalyst, 3. production additives,
3. SM process by-products and other potential impurities. 4. genotoxic impurities, 5. other impurities in API

k&/‘

Formulate SM Control Items (Forward and Reverse Retrospective Analysis)
1. Low content means high process removal capability without separate control.
3. Genotoxic impurities-Appropriate control in SM

4. Related substances-Quantitative control

5. Other conventional quality control items, such as assay, melting point,
appearance, etc.




1177 Case-based Analysis on the Marketing Authorization Holder System for Medical Devices:-----------
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Medical Devices
MAH System

Strengthen management responsibility throughout product total life cycle

1182 Analysis and Proposal of Quality and Efficacy Consistency Evaluation for Generics on the Low-

cost Drugs and Drugs in Shortage ......................................... YU X W’ DONG M’ YOU C N*
DOI: 10.16522/j.cnki.cjph.2018.08.022
(2, . . .
Among the first 289 varieties: _ v Whether the low-costdrugs in non- shortage
+ Low - cost drugs will be in shortage after the evaluation;
i Impact
¢ Drugsin shortagfe AnaFI)ysis v Whether the degree of shortage for some varieties
f \’ Low-costdrugs in shortage ——) will be more serious after the evaluation;
, . .
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Zif Perspectives

CRISPR Z¥iEiE R G HIMRIVIN K & Rita 25

/f(, ‘}?‘5’1’2, le_a 5"21 }5‘%1,2, g{/‘&],%-l g& ﬁ/”\l*
(1. P ER R R TR AT, A TREEFKE SR E, JEa 1001905 2. ER=FE RS, JL5T 100049)

B2 . CRISPR (clustered regularly interspersed short palindromic repeats) %4$¢§ﬁ§2%éﬁiﬁ?§2ﬁ, ] DL %) 2 R AT
FEHEAE U RaL 2RI I . SO SRR H 1. R0, BERAGMAERTE . G, NRREJZE A, R T
CRISPR H{RIIS . P, FHETFREGEHBIE RS, K250 80h bk =0t J&WﬁTXE}I‘CRISPRB‘Z*E'J)&zﬁ
FERtEe AR ELR TR K CRISPR BRI ZWIEtik R IOt e, X BRI A AR TR 3k i 3s . 5%,
TR SR S S5 AT BAE FRNR ,, 95 SR 2GWihik R G AE A W) e 20 3R 97 Uk ) B F R i 2%

Xk %#17): CRISPR: #ifdk: BY7

FESES: R4 CERFRSRD: A XE4S: 1001-8255(2018) 08-1041-12
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[£R18] %k, &, #ARA. 2010 FRTAHX BT
AMFrdfIER, 227 “KAGHHhHA 14" AR,
MMEAMIBREART L LR 2 245. 2015 2K HERE
#4 5 EehF 5 FMFE L4, AF % %494 Theranostics
% %o 2018 # 4 Nano Research #1 #] & + “2018 Young
Innovator Award in Nanobiotechnology”, Bl # # 4% ¥ & 4 4944
HES FEAZREL . REAHY LA LT KGRI S
Wik do £ A M, B4 M A 2T GRART, LA
TAMHH 2T LMy R EBOREEGHIE, RET 2t
ARG hmE St T A G Thdfobus, 227 L7
AL ARG hnE @A RFT G Tel : 010-82544853 ;
E-mail : xzhang@jipe.ac.cno
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HERIVR 97 2 48 30 o #R AR 8 A ) o R T T
FIRA . REMBHRE, SRy IEANE &5
DRl 45 1 B D RE B (R R EL, 3% KO A8 (1) 4 P B 3 5
BLAA T B o 28 40 L B e 0 5, AT A& B8 97 9%
M B G REBNA T BOR A B
IEM (zinc finger nucleases, ZFNs) $iAR. #p
T RERUN YR L I (transcription activator-like
effectors nucleases, TALENSs) 5 K%, 4R, ZFNs
BARBA ARG, AR, AR HS Y,
TALEN £ [ B A % 43 o7 8 80K Al 5 36 45 1E AN
{8 ¥/, CRISPR (clustered regularly interspaced short
palindromic repeats) £ AN —Fligh BB R VG 7 4%
AR, BAYEVEEE, . RRARTA Y, 2
FERVEIT BRI FE A R

CRISPR JEAF-1E T4l T S vl 48 1 H i) — B el 5L
JEH, & K2 B B Bt A B R I — R OR AR S T
2 AT 40 % R4 B AT 90 % BT 40 B 3 R 4
HA KPR ST 51458 1. CRISPR B4R R Bk
ol 1B < TRAC BRSPS E/ L= 2 = ST B B D6 B PN B
iy G SRR RIA BT R I B . AR 4E D) RE
JEHIAE, CRISPR/Cas REET 0 1 3. 113%
MK RS, A2 CRISPR/Cas 54158 ik
RSO IRAE . H, [TRRGEFE R, A
TEMRBZ EAEEY, A FHERME) Cas9 %
FRRGRIAT, 2 H AW s . MR 2 &R
4 "', CRISPR/Cas9 &—Fl RNA 2 DNA #
RN VIEE RS, Ei% RS+ Cas9 N VINE i 2
TR IR RNA AR, 73972 crRNA (B CRISPR
RNA) Iz 20375 ) crRNA ( B]l trans activating
CRISPR RNA, tracrRNA), ZEAWEEHELT 20
AN TR 5 5 1) e 27 1 e S5 ki R 2 o P

Wi HEHEA: 2018-01-02

fEEEN: L W1995—), L, WiLwiicd:, Tlrm. 2
o TR A

Tel: 13167386825

E-mail: shenjiel 7@mails.ucas.ac.cn

BIEKAEA: 5k KA0979—), %, B, EENFHRLE
PR Nt TR e N K S AN R

Tel: 010-82544853

E-mail: xzhang@ipe.ac.cn
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W N THIX 2 F RNA, AT DL 2 pl oy 24
B 5] RNA (single guide RNA, sgRNA, #1/& 1A
Fis ) P, sgRNA AT LAA T Cas9 W RR MG 785 5 fir
BT Y], TE R DNA SUEERTZL, M % 52 A
AT RE WA SR 1. sgRNA MR e R B
PR Aoy BB, Gy — > E R 32 o (A] FR  41
37, Bl PAM (protospacer adjacent motif) JEfy,
B H NGG 3 Mgk . CRISPR/Cas9 /%
() DNA XUk W 54 52 % 18 ik [7] Y5 25 2L i A R [
K EBALHBEE (WK 1B Fior ), JEFRJER
Ut E RN P ALE B AR A7 A e 3 DR 47 /N R
NI, T ()5 2 ZE AL 1 D) D = ) 4 A 2 (R
AR SR B AR A Y sl i 2 R s AL
AT DU R AT R HER BT V) # NS A, MG
S

CRISPR £ AR CERIT IR SL0h . M&R
A7 T 0 55 T LA T AR K gk g o Chen 5551 H
CRISPR AR TF & H 7 ) — Bl B Ry isk 1
RE % ¥ o) /E A T 02 9 il & 2% (R 1) DNA P 51, il
A3 R 2B R . T AR B2 N KT A
U e 24 B R e 4 B RS R D I /N BRBE R b, R
CRISPR #H73 Xf Fil& B A v (1) R AE DNA #4715,
It H T RE N8 175 e 2 6 B0 T 1) 35k R O B 4 AR 1Y)
DNA, AT /N A4 A g ROsH ok 30%,  HL BT
BRI ZITER AR, AT RIGIT MR
TRl IR AL T 2% . Yin Z&5)H CRISPR/Cas9
AR M IE RSN R 2 b )R HIV-1 88 pa) Fr B 1Y,
Y9 55 B R (1 RNA RIAFEME T 60% ~ 95%, M
M B 7 HIV &G %05 N IA i HIV B
Wk Y. Basu ZMfi ] CRISPR/Cas9 KK 4w
RIFRH T — M N A - RAZE A0 T
H L T o- Sl B S0 AR RO B IR
o, DR TH A) R 0% A i 4 AR . Yang S5
Fl CRISPR/Cas9 J K 857 A w5 /) 5 4 i 98
AR (= TR (00— 3B S ER O, AN B B
EAREDH K, BEEE 153G

CRISPR 5 A H HH 305 75 55 PR VG 97 58 00 v 2%
R 3 DR g 4 B R PRI RIE 90 R0 0 A ok T BRI AT
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A
it V(ﬁ?’k(&?l\'ﬁé[(&é?ﬁfi{fi{l‘i—“i’“ .
DNA XUEEWTZHME 5
B
v S A
ﬂﬁﬁ#ﬁ{%ﬁé%m%ﬂ [ 98 5 21 A T (s AL
¥ ¥ ¥ pd
1 DNA SUEEVIT X DNA SUFE) I £ DNA ST %% DNA 4k X% DNA ik
a b ¢
e s —— :*: p— o —
i\ B R +C =+= SE NG ANEIE DR
== — —
ik FRERI 6 piamizin,

1 1oxP.V5 %%

A : Cas9-RNA K& W0iE 4% F A5 DNA 25815, B : CRISPR-Cas9 /S XUHE DNA Wi Wi DNA BB T2,
FEASRIE A EA S E L] (NHET) AEJE =2 A2 M2 E AL (HDR)
1 CRISPR-Cas9 NS EFEHIFRERIEENH
Fig.l CRISPR-Cas9-mediated Genome Editing and Gene Repair ">’

Hit, BRRNGYFAENRE. HIEMR. NRRENZE
SR, NsE R BRI, R E A E MR TR
ROt 259314 U R B AR A . BAR AR AA
B BA T SRR @R BORMGRR. AR
YIRS RS 25 . ERT, CRISPR 25453 3 2R
3 M TR TR T AR N R B
AL E M CRISPR 25k Ik i R BE . N2
PLI A S TT TREAT A
1 5

i#3%& CRISPR R G4l 73 5 fil 8. (1 5 2t A 8
YT, RO Bl &
F v S 4 o T8 T 25 T 3 S 4 I SR 3 38 KL
DNA %] Cas9-sgRNA BE&Y) (K 2). Yy
FERE AL R T RBIRE, RS
BT Z -
L1 SRR L

T P2 M A T i 388 o it 2R DR a2 240 AL
WAZTE, 7= A AR M AL, T DA 1) 240 i P
ELEVIRDRE, SR XE DUAE AL (74 L 40 M AT AR e
T4 SE B R R IE (RIS 4 A ) 1S 2R

e S TR AV

TR AR

B2 YRR REEAYTER
Fig.2 Drugs Delivered by Physical Methods

FF. Han 254040 T o ias e 17, %% sgRNA
A Cas9 W& Bk B AR R A, IF H ok
Db AE T 4 M b b AT BE R g, mBR 1 9w PD-1
FIFEA, ] 7 R A X —VEEH T AR
R rh, JUH e HME DU AR da i b, W] DAk 2
e 1 B PR R LA
1.2 HBFfLER

A 2F FLBOR & AE Bk FL 374 B 48 B B B HY
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R EINIOEBE SUN R R SO Rl R P e Rk 1 8
EWn, AR TSR 2. RV,
FR AN AR K o TR 2. s U S AL e 1A,
AN %ot 2 B s A AR SR o Sl R B T 0 ) 8 0
PR KR HE T 25 B s s Y, R e AL
REEW A Ho L3 DNA, RNA MIE H R E401 K,
eI R _E 5 22 3l R SR 3%3% 45 48 RNA (mRNA) 7,
Hashimoto %5 % F B % fLE A A 2 mRNA i3
EENRIRZRE I P, I (et T 3T CRISPR/
Cas9 M3 F A 9w % . Kaneko 254 HE 28 LI A
TR VTR mRNA 3535 28 72 B /N R i b 2,
It BAERE R AL AT R e, FIAH B fLEA
{14 35 D] 28 G 450 28026 R0 R B A7 2 0 LG A% G ) B v
B EE . Latella 25K H# 57 FLE AR ¥ CRISPR/Cas9
RIS K] sgRNA 3% B KL (RHO) F R A
AN PR, AT LUK v AT O R g R, B MR
ik 7 2848 RHO & A HI#R X,
1.3 & Ry iE R

RS IS IE AR R — PR, S, A
PR I8I% 510, 294 nTE ki S A D i i B
fikdr, e RIEAE R, TTIE BIIGTT 50 R .
Yin ZEH0 i R vE ST H R 8% CRISPR/Cas9 R4t1)
ZH 43 23, Wk N SR 1 T R R ML 14 /) B4
B Fah 2378 B RBHTRIE, 45 R Son IERf 3L
FCINAE N0/ R AR A, g R 4T 5 2% Rl U
ARYHHG, Tk B R SCR . Xue R &
JEVE S A 38 3% CRISPR R4 ik Cas9 #% R A1
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sgRNA [k DNA Z /N ES P, Jf i
PR A HE [N Pren M p53, AIH Cas9 & IR PR
Pten f1 p53 FER v B, AER T ORI/ RS AY . 1%
WFFEUESE T 148 ] CRISPR/Cas9 $ AAE T fitsg i)
FERRTTAT R, D 8 0 T fi 14 25 IR 41 2 i B
WK AL 1R LR

gr b, BARWPEITESEE, PR, HEm T4
HERIR B2 AR ARk, B 7 VB S T AR A&
R AE I T4 Py st ik R0 o Jd I VRS B v B AT
R TN ERAR SR, EAER RO, T H 2 TS RE
e N TR R Y HoR A, Rk, 5% KRARS
SEHL CRISPR J& RVG T 245 W44 N 38 1) 773
2 fREHIE

P BE B T IR R T AR 2k
T3 B3 AL B AR SRR B AR A B I DA, BRI
T, RIS A A AL 0T, 60 2 s 5 R
SN, BRGE FA, K 1) A Y AR
5 MM FRIE, ML BEIT B H . 3
i% CRISPR Z4i 41 7y ()3 25 1t AR 1 B AT JlR i 5
(adenoviral) . ARAHI 5 (adeno-associated viral,
AAV) g7 #E (lentiviral) #iA%E, WK 3. Wid
PR AR AE Jik DR A% 36 5 3 0A T DR ey R T2 B T4
WA ik ae e B
2.1 AU

IR 15 2 — FhOOUEE . o ELE ) DNA 5. fif
TR EE AR R R AU, WL TR Rk [F)
BAMEFEGHE), nRGe 2R R, =i

Jl e Bk

T B A

JEAR I T H A

E3 BmE. BREMREXHENEN

Fig.3 Structures of Adenovirus, Lentivirus and Adeno-associated Virus
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B %y Atk APIRIE D R A A B A Y
N BT

Cheng 55 ¥ & 1 — P 2k T4 Py 286 IR 20 6 1) i
i CRISPR/Cas9 R4t 77, FERFHE, iFskiZ%
F 40 A] DLk B 4 SRR S 5 R 5 Bk R K, AT
SHEEMEI AR . Maggio 25 5T 1 1 NAEAS [ 4
P R e iR 7 348 1% CRISPR/Cas9 &R 44145y
(aE Bk Y, gl BRI S R B AR T AR ik
CRISPR RS 5rAFIT &, A R A% IR B AN
sgRNA 332 25 NS4 20 P v 4 226 (R 4 4 O FH o
Wang 25 LL/NE N Pten LR H R, F)H IR 7548
TR IEBERRE Cas9 RN o Pren XK 5
K VE NG DT 98 3 UIAH O, 5 e IR TR LIRS -3 - (il
(phospatidylinositol-3-kinase, PI3K)- 22 [i& / J745
BR sl (serine/threoninekinase, AKT) 12 518 (i%
KRR AARIERL . K. B AT ) 1
WHEEA R RN, RIEHIE A A S8 iR
TR R AR G S BRI, IR B B AT AR BE S
WOMIR ST Pren FER 9wl . ZA 7845 0] o N ZRATFIE
PIRINRIT RIS, 45 5 K 2GR CRISPR/
Cas9 XML B s, WEHEER] Cas9 IR
R M 2 e I ) A
2.2 AR R EUE

JRAH 2G5 B A2 — PP EL I ) S B 2 M DNA
o HTHEAMEEEHE b R 1a T
R FRB ARG, O B AT 1T 5t EH
Rz — B,

Ran %5 ¥4 4 0% 4 %] %] BR 1 1 Cas9 1% I I
sgRNA Fik fE 8 I Al S B A Y, U
bR JFF A m JIEL ] s Y A R 2 0 O O S e A
fitg -1 ( Bl Pesk9) A HAR, FS 1 G, /B H b
BE R[4 40%, IM3% ) Pesk9 2 -4 B AR JH 7 i
(1) 7K~F B 2 R B . Yang 5 ) FH IR AH 5C 00 55 20 M40
1% CRISPR/Cas9 #H 73 & < JE USRI E S 5 /0 Bl K
o VO, R R g T AR A B R,
Rl /N BROR G i 8 B SRR IH b, 183
e /1tB 1533 . Kaulich Z54f & i CRISPR/Cas9
R S 075 75 50 ) JE R B 4Ly 7 9 B, i g

PO IR R SR A T R ) T g, 38 P T AR A
YR 2B BE R . Nl B DR R B 1) vk s RO 4
RIS 15 R B BN 4 M 1) B L R, Yu 267
FHRRAH I 3 4 1% E [R 1Y) sgRNA F Cas9 A UIRZ IR
il 3% 25/ BRI B b B, RRIIBELIE T /N B
PR 27 P o O PO A P A — ol A A i),
5 SECR IR, B TS B S1Z 7 VAT B
YRR AL RSN PR R R R IR T e T, AT TR T AR
PRI AR M B A 5
23 B EEEA

18975 B 2 PR BE 85 1 4/ NS S (R 8 6 21 18 20 e 1)
et fk b, BAEYRAEE AN RIA, AR
TBIT AR . 1290 B 3 A R IR, B
R E R B R SRR — YW
SR FREAR, DU AR RGN, TR AN Ak
JEPEH PR BOR, & — R E RS RE RS T
FL, T3 BRIG T R4 T AR 2t g o, Y

Kabadi S5 ¥ T — Fh 18 55 2k 2 40K s 1%
Cas9 & [ BEFIEE [ A AL 5 sgRNASY, 24
HRE 1A sgRNA # AT DAE 2R IE, o] DU ik 2 ]
R IERE, HERRANM IR SRIE RS . X —IBIE R
Gunl BT AR A g, et Rt s 1k 2
T CRISRP/Cas9 £ [N JwfE R4 14 5> . Heckl 4%
1 FH 1895 75 Bk 7K 1% sgRNA Fll Cas9 A% B2 i 11 41
AR B, N R E I T AR P R, B
BEARCEPEMR, R g TR WS F B R IL % 1)
sgRNA Fl Cas9 Jk [K 4% A B T 76 /N U4 4 it —
ANTTZ W R AR, DLURE G b s SN SR 1) 5 A
. Wang 5% CRISPR/Cas9 AR . 18 3 A A
mIEENFREARLSGS P, g T AMNESHIhEE
PERERI G 77 vk, M T B 7 114 AR RAR
HHE. T LA sgRNA FEXT I 7L 20 ) 2k 47 2E
0T, H sgRNA R i N\ BIZE R4, iR
P RAZ R RERS BB ER, KTt 0 7L B Wi % 2
HAEENME. Wang 255N FH 54 B 1)
895 FE A 4K Il CRISPR/Cas9 Il TALEN () i 8 2%
S G, SR AN S S AL A e, R
FERIR D RE, TS B R, T DRI H A
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E 1% BRI, ik RS S . ZHF R
CRISPR/Cas9 fl TALEN iR, Jad/b B #Esi g, i
TR R g A SR A T S

FRE B I AR TE B DR A s ANk R I H &
Rk, ABWARESURMENS . HAT, Zatn g
o B E R AE SN TR TG EZE . Ak,
BEER IS ERE A PR, W RE R I R Y R Gk
(bt . T HAESZ R A 2R A o R PR,
TREEEAR IR, KRB R A =t 7R %
JE A A
3 IEREBHIAE

e B AR N2 4, AR uom HL 5 T 413,
(Al A CRISPR R G0k (1) #0 i o AEI B PR 244
HA RS tE, 5T a3, I HAibiE KRR
B AR (H2, JEmEE kAR i is
MR T AR R EAE R A R R R B,
BB EET R RAE YT KR 55 (1) ik
F4;, f& CRISPR RGifL 1A dkik .
3.1 JEFAE

JUE IO A2 A2 ER T JIE X Tl 51D T R B4R R
JUGNKZ JUHCK B ARRL T, 355 7K 1 ke 350 2 RIS 110
WANRTH, SEAETER AL TR R, W72
P AR ) LS R VA T FK IS 259 PRIk RE RS 5
il o) S i P PATE /BT the S ot sk /L NS I =9 TR
Ref 2 B, $em KT 3k, A
Tk, BARmTE, EERA%%e Y. B,
CRISPR 57 A 3= B FH 1 I3 o2 44 BH =5 1 IR Joia 4%
PR 5 1 T o A DA R SRR AR 5%
3.1 [HE AR

7t CRISPR/Cas9 R4, PFHESFHLH Cas9 &
F R 7 B B B T4 I sgRNA 72 A — A1 B 9 85 1
1L FF) RNP (ribonucleoprotein) E 5%, X—HEY)
AT DA BH BT RE B0 5, Gl i i 1R AR B IR
VER RIS A Y. BB TR AR —Fh i &
Wi IE FLT A R I, 32 BH S i B R e
HHBINEAL R, BHE 18 T A G AR A 1 i
FHES 6 o R & A BAE A, S oh rfar 2k
RIVGIT ZIAH BAE R, A 30 46 5 RG I7 259 e A
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JE& SER R AR AR BN T, T R SR RVR T 2
PP B T e AR g A o BH S T IR R A
FEA 3 FHES TSR AR BRI R A
2 NI A R, . B T R A IE FELA )
FREUE 45 &t T A IR T IR B A4 . ) BH 25+ IR
JRAL L S AT T A SR E A, AR
FIE L7 B U ORAE R A i, AR R
1000 155 Y. T &1 A, B AR TC R ATAE
PRI G e SR 1, BH S ¥ g Ak o s A TR
Sl MR Az — P

SN & — PRk RS v S, R R LT
AL, e ae ), RetasE i, M
HARRUIN, SERE 195, FELI%IETT T S 32 PR .
Lin Z5i@ 120K FH 25 7 g Fi4& (Lipofectamine 2000) 5
AR ZA T R % A A b A 0, A b s Ak B B
ARG B SE ) AR E M, UG M Ak fh e
SREOISE, AT K CRISPR RS540 43 i 1% 45 ]
AT . Jiang @57 1 — Bl B4 BH & 1 s i ah
Kk A4 U, W LI TE Cas9 & Y mRNA A
sgRNA, Jf HAE/AR N AT LA Rcihais 2 I, x40
J Ff 2 25 ER A HR R 3R PR PR DNA I P R 4
B Pesk9 BIFER AT UIH,  FRAK S0 8 AH 5P
JE I35, %W FLxT CRISPR/Cas9 2 45 (il R A4 1L
it FiAA L . Zuris S5FH FH & 8BRS 3 5
Bk R, ¥ Cre HLAME, BT RIS TR
MK (transcription activator-like effector, TALE)
AIFET Cas9 I IRMG I #5557, BLJ Cas9 TEH
5 sgRNA MR E G 40iis 2 10% MR 7= 1)
NEgmfat, BB SR L 80% . FIH %
Wik R RoKs Cre EALEE A Cas9 EAHF S sgRNA &
Gk RN A, EERARAFSEI T 90% K
Cre /A E LRI 20% 1) Cas9 /S HEF B .
3.1.2 PITEE TR RUA

Miller Z&H) FH P 1 58 72 =5 i (zwitterionic
amino lipids, ZALs) >Ki#i% Cas9 &R ) mRNA
A sgRNA" ZALs B4 1 APk B T BARHE 3K
BRI Sk BB EE A1, 1A 2 IR E K B Af
FIK sgRNA 77l & 19 7 P B %025 I Jot 498 oK ks
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(zwitterionic amino lipid nanoparticle, ZNP) BlnJ
IR/ AHMI N 90 % [ 8 R0k, it ZNPs SRigix
sgRNA, W LAXf DNA @47 K AP 1) g, JF HiR
HREEEMADT 95%. ZAL &M T KEE~ZRT
&3, 18 ZNP A SEILCEAA P N 7K At 2 5 DNA,
X AL AR B BR B O B T AR N 4 Cas9 )
mRNA HI sgRNA Fj3LfLisit . ZNPs HEH K<
% RNA AR 4 78S, [FNA B2 m A R e
(122 A PEATR] FH 2
3.1.3 KRk

FARFUARM BA SRR SRS, e
g, me AW, W F A e RS 2
RSB B b .

B TR — RS AR R AR T 4, A R
A DAL Cas9 IZIRIE ) mRNA DL sgRNA 1%
AR BT /N R Cas9 RS ) mRNA
HIsgRNA 7£ 1 d Wit o fil, X Fhisis T et 1
Tl B AT AR PR A N R R R T R . SRR PR K
KT/ CRISPR/Cas9 i#:i%k R4 H Y TiRIr £
b 5 BT AH < B9 . Wang 251 FH A2 Mk JEE g I
Al TR TR 2 LU LU B S A ki3 - = IRMGE X /S
JRAEAR BT AN AKHL & — MR BTGk 1, 4 2E
WIE JEA B A9 K i TR T 5 B B AT I Cre B ZH i B
BT Cas9-sgRNA S5 E &Y, H159H
KBURLE R A SR A, BT AT O e 1 2 o
186 TR N R G e, e K] 2 B[R] 2 e 1) 2k 3 et
70% o IXEEAE IR JE A R BT e % AT R K £ 1
EEMMAN, (R i NG bk, DR S
A i A I SR P PR

—UUPH B AR A, G0 (2,3- AR ) -
— G (DOTAP) . N-[1-(2,3- ZjHBE& ) -
P 1-N,NN- A=W (DOTMA) . F§li% -5- &
B - w1 )\ Fi ks - Biik (DOGS) 4, HAf
A E R BEARAR AL BHARE MRS, QAR
AL, nrbldd R o, HERE. T SRR A
M 0N, SRR m AR . I X 4
PRI TS, B2 RIM BT T CRISPR 3%
R,

32 B4E

G B AR SR s 2 25 ) & A A
M, BENATT SR, BREWEE SR %4 T
GREEYE, Tz N 4isiE .

Kang %57 F 5 & W4k %1% CRISPR/Cas9
DR ZH g AR Y, S BB T SR A N R R
AT A B, DAL S SR 5 B AE F i 25 M sgRNA
%4, 155 DNA XUEER . CRISPRKEGY)
PA mecA F:K N Bw, @i A VEART LA 0
1% AR AR PG AR G B R AT BRI R, R LGS 4 R 2
RIEAT dmtR, 56 G5 T8 A i ik 7 A L
AR B H R . Sun &RyE T —Fh il DNA
SEEE AL Z K 28 1] (nanoclew) ™, i %4k
L Ak 2 AR RAZ S, X REAESERE
YT H VS 0 1 TR B S R IR . RGBT — 58
W AEPIRE A, T LS F A S st ) R 259
BRIRGML, ARG XFpH A
A DAHE AT 23 AR A T IR e i, 4 — )
PR 2 A 4 M OB BOE R EEE R, W R R 55
IR IR IT IS

PO R S 7/ S Y
(polyethylenimine, PEI).

LI VAN ¢ A
R [poly (L-
lysine), PLL]. HEENMAIRE WA LR (poly[2-
(dimethylamino) ethyl methacrylate], PDMAEMA)
FIE WL (polyamidoamine, PAMAM) (454 WL 4) ,
ROWE RS S, EAESNERGT AT
JTZ R . n PEL, ARG 2 Fl, BT
Hmmr% e, SR AAMRERE R EER,
HEA “Birigdm” Mrkm, iz, H
REDBEARE T X THRERR, FfhtlEz Tt
e, —MRT DLdE i R 2 R B K 3 A A& 1 R gt
ITECR Y. FRRBER — YRR 5 TR
a1, BA RS IENEYIEiREE 1, A
TR, (H L e RoR ANy, — ol 5 5p- JHIHR
Jit S IH R AN IR IR 25, SR M hn 7 SR Wk 5 4 i 35 1
M EARR], BRI e 7,
3.3 THLGUKKLT

TGN KL -5 29 M B 4 R B AE L,
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AIE Ry EAE R R, g 2k ik B AR R
IR, TR ENGI TR E I Y. EhLgk
WORLAE R A e B . IR, IR I R Bt
WLIREE I A, JLF IR, B4 5, 17718,
PR, BB KL A 25 1 A0 AT R R,
By, @it RIS A A 08 52 M i U sk
B, R AETEAR KRR B b PR AR I e iy AR T 1 2 1
PP S AR R (EWSE= o =R U o () SAE T -
SR B N AR R 1 k= € A 1 AR 9 7
e RHEE, REMLEERS T8, BEBEK
B LR AR, BT DA 9 oK R+ 2 245 400 a8 ik A AR
& 10 Wang SR H 4 gk BORL 1 Bk g Y
BT T — Bl T R BRI 45 A e R 11 2 Thik
AR, EHOCHEIET, &9 KRBRAE A AR
AP CRISPR Jiiky, s i m 2L 8 Plk-1,
5 B R H ). Mout Z R T T & 90K
FiFIf) CRSIPR 3% ik & 1, i RS R MR & gh K
Wik Cas9 & 4 B Ml sgRNA it B KBS,
P R R AR R, AERSIETT Cas9 BRALAK
sgRNA [F] 4i o Il B2 o 3% HLAh &, 24 Cas9 Al
sgRNA HERME MM . 12588k Ik

NH,
H 2 %*N
_N NH,
O X
PLL NH,

/ 271 PEI
PDMAEMA
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5
o

90% LA b, #RiBAEATIA 30% .
4 RE

CRISPR B A 4 B ARNE N — P A HAR T H
TEFENGIT R R T 2N, I BAE IR R B
FEAR KRS, H CRISPR AR K4 R A
REFETE,  HH M B 0L oF 1) T R AN 25 200 otk
Ah, T4 ik ik [R5 2H B AR 1 e R S IR 1)
RERBAR, B SEBR G R B AR RO . (HAE B,
CRISPR 5 [A 2 5 3 AR AE VR 9T 56 R A 35903 A i 98 7
T (98 I ARV Y o KA B B A AR BER
XA AE &P b K3 H ERBIER

CRISPR Zj¥i#i% £ 4:/F CRISPR J: R iH 77 H
EEERCHEHEMEH, BAMHIEE T CRISPR
RO e . 4l RS M AIVR T R, BEE
CRISPR ZjWifhik RA KA MR 7T, I HAS
IR . B )5 i AR TR B =, (HAEAR N IE
IR SZRR,  BEIE A T ARSI EIE o R R AR
m, (HRBEAZER B, HHEEHEIAR, A
& TR A=, AT L2 Braofi 4R 20 7 1
BRI R B 1, B R i R 8 FROKIE 1)
T3 EE AR R BRI e A s AR R A R

NH,
0

/_J
-

N {
/J \/\g/ \/\NH2

zTm Tz

Q NH,
\/\N/\)LE/\/
\»\NH

[¢) \\\

NH,

o

PAMAM

NH,

X

HN
H
N .
H,N M NH, HN N
N NH,
X X

55 3% PEI

E 4 REYE M PLL, PAMAM, PDMAEMA 71 PEI f{¢ 2454
Fig.4 Chemical Structures of Polymeric Vectors: PLL, PAMAM , PDMAEMA and PEI
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. BAMEG N, B T4, #hsk, H
B EAR, ATLE 2k, BEERSEY R s
HSREAR MR M, L2 E SR AN i 2 i ik
MR E P Xk )y AR sk SR, wRhdnk
Wt —Fh & 600 B AR s B 20 I R G B0i,
FHEE P RBAA R S B, Yin S50 H BRAH S0
BIARHRIE sgRNAY, FIHI R BR A bR % Cas9
AR RNA, IX 2 PRI & ik 28 40475 7 R
BRI, kR TN B IE 2 4503 0E, 1 H CRISPR
Ji R A BT RRAIG, 2 B0 B A R R B3 AR B
Al 2iBik CRISPR RG4Lr KIA X7, A
X — g AT R F A R TR AE . S AR B IR R 4,
AR CRISPR Z Gk 0 78 H T 78 i

b 25 W FC AN TR N, BE R DUIE S AN [ ) 7
VEXT SRR HEAT B0, WA IR B BRI
BHRME, W RUF R 2R R sk, Wia s
M R AIEZME (metal-organic frameworks,
MOFs) %, I CRISPR RS sk it 7t .
SRR R, o TEM, AR,
AT DUIE I ) A S 0 R g AT, R B R
BRI, BARSEMMERIFNH T Cas9 A
i A sgRNA [()ii% . MOFs #1RF A% E /N, B
FKIAK. BAF SRR, EHWEAE EA
BRI 7, v LA 5L B e i PR A i 2 4k,
LB AR IR
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Research Status and Trends of CRISPR Delivery Systems

SHEN Jie'?, LI Yan', LU Zhiguo'?, ZHANG Tianlu', ZHANG Xin'*
(1. National Key Lab. of Biochemical Engineering, Institute of Process Engineering, Chinese Academy of Sciences, Beijing 100190,
2. University of Chinese Academy of Sciences, Beijing 100049)

ABSTACT: CRISPR (clustered regularly interspaced short palindromic repeats) has emerged as a new gene editing
technique. It can be used to cure cancer, AIDS, and other diseases by modifying gene accurately. Some vaccines and
drugs can be exploited by CRISPR. However, there were some problems existing in gene drugs, such as instability, easy
degradability and poor membrane penetrability. These problems have limited the development of CRISPR applications.
So it is important to find proper vectors, which can effectively deliver drugs to target cells, and improve the efficiency and
specificity of CRISPR technology. This paper focuses and summarizes the current developments in gene delivery systems
of CRISPR, including the advantages and disadvantages, the current states and the future trends of viral and non-viral
vectors, providing some references for the application of drug delivery system in biomedical treatments.
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