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Isothermal amplification technology based on microfluidic chip

TU Yunping, YANG Dianlong, ZHANG Zhongping, DONG Xiaobin, LIU Luyao, MIAO
Guijun, ZHANG Lulu, QIU Xianbo

College of Information Science and Technology, Beijing University of Chemical Technology, Beijing 100029, China

Abstract: Polymerase chain reaction (PCR) is the gold standard for nucleic acid amplification in
molecular diagnostics. The PCR includes multiple reaction stages (denaturation, annealing, and
extension), and a complicated thermalcycler is required to repetitively provide different temperatures for
different stages for 30—40 cycles within at least 1-2 hours. Due to the complicated devices and the long
amplification time, it is difficult to adopt conventional PCR in point-of-care testing (POCT). Comparing
to conventional PCR, isothermal amplification is able to provide a much faster and more convenient
nucleic acid detection because of highly efficient amplification at a constant reaction temperature
provided by a simple heating device. When isothermal amplification is combined with microfluidics, a
more competent platform for POCT can be established. For example, various diagnosis devices based on
isothermal amplification have been used to rapidly and conveniently detect SARS-CoV-2 viruses. This
review summarized the recent development and applications of the microfluidics-based isothermal
amplification. First, different typical isothermal amplification methods and related detection methods
have been introduced. Subsequently, different types of microfluidic systems with isothermal
amplification were discussed based on their characteristics, for example, functionality, system structure,
flow control, and operation principles. Furthermore, detection of pathogens (e.g. SARS-CoV-2 viruses)
based on isothermal amplification was introduced. Finally, the combination of isothermal amplification

with other new technologies, e.g. CRISPR, has been introduced as well.

Keywords: molecular diagnosis; isothermal amplification; microfluidic chip; point-of-care testing (POCT);
COVID-19; SARS-CoV-2; HPV

YERr P BT B, REUES . Fr
S SR AL TRAGIN , BB ke I AR B 4G A2
WrER fERE HEAS B, — ELR AL Y or il i 4 4
Z—o A 1985 FRLIK, V- AAZ% IRk i 1%
DHEARZ —, BA M N (polymerase
chain reaction, PCR) TEMg [ KGN | A= A b= |
SN 5 B 45 TN i 48 AR N S5 45 2R 4 2
SRR T EZENEM . R, hT23
WA . R B B A B A & L X
Tl A S B0 S OB M SR S, PCR R A: £

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

o ARSI A e A, MELUTE R R R I LA
S I RV A PRI R A T Iz A

N T AR R K, SEEUE
Jrfd . PREERRZIRAGI, &SRS I HOR IE
H £ 52 BRI SGTE , H TS [ A W74 8
—J7 T, S — A B A S AR ke 52
BURZIRY MR E R TR AR )
—J7 0, SRR 1 224 B AR LA
KO FEIRY M, AW T PCR 19SS TRt
(RN ATE 2 o A Rl T SN



REN FETHURETRNFRT ERAR

55 PCRAHEL, S5 47 H8 765 B AT Ak . A b
MR BRSNS SRR S T T, BA
A TS, UHIE S T B A I
YRR — Mg RS- 5, S8 7 fi il
BN RIS SR L I €I - OB VA NI 1 8 7B 1)
SEA R INBE FOTH R RO M 2%, BERE A Bh
SERRLIIAE St RO TRAL B . w4 . RO ARIC A
Kol S 2 A BV AR B, — 5T, AR T2 Bk
i A -G BT A S, B R A
MR y—Jr i, AR TR EEE . FFT .
ViR ZHARZEAN, BERTT TR K
o A FREET RS A R RGN 5,
RRRA I O P R . S A I 4% 2R e
SRR A3 BT IO A TR G S IE AT B
K 2 A0 73 B U5 35 SRS R B2
A A Tk — 2P 3R T LR G A I P B 5 7K
AR, BT RO A T R A
RS 52 A TE RCR R B A I B — I T R A
B A8 i FE SRR SR Sl , A e A 3 i
VESE 70 s 5 0, BEME E— S THRO %
SRFELE, SRy EENALEa TR, S
BT A S NI & Y S I (B L) | 1 o
FAE R R IR . BN, BT RO MOR
rra, EEHRUKRAX MR IREhEE S, A

F 52 BT AE AL A R A A -2 R

— AR A IS, R A AR A 4 A
i, PP A IR I 0 S R (R AR
WY1, 1 — 25 B T S5 T4 30 e A ) s
(8] 77 TR 3, IS T35 B e R s 2 il 48 45 #
RAG B 1 B 573 e IS A I % Sk et B, R
AHEEWHLE L 7o, TR E,
SCH R, SE S 2 AR A, A
AT b — 2 5 TH AR 38 7E B3 S i A6 I v Y
o7 FH 45U

AR SCE Yo xd 5 i i ST 2 B R A

&B: 010-64807509

TR, TEMCERRR B, A T RERE T T AR
UG AT vk . SRS, B Y ET SRR
B SO AR S A S R, WS RO
] b A SRS SR 3G O R AT T R
SE SN (IS REE . S5 ALl . ik
B ARG, JEU, X
R GEAE N [R5 it A A 0 €5 3, 45 4 e s
SARS-CoV-2 il Kz H At o St A4 46 I v i1 1 FH
AT T RIFHE AR . R Jm, XAy S AR
TUHER W1t CRISPR 45 DA 4 EHA 041 1.4
G, AT TR A SRS,

1 FRTEEA

1.1 MBESRYIEAE

VENIZRRY $E i 271, PCR VT
WK Z 0 BRI RN AR, T B AR B I
AR, T H, W& AR i ] i
IR, 30-40 A BAR PCR IRy A % /D
M 1-2h, HRETERME, N, 2241
WA SR HBAS @, SO 25 e HLAT 3G I ] <
FRZEM, HT PCR AR FR A I AE 7E 77 B AE
DS SE R . 5 PCR AN, JE T4 iR 1
AL R AS DU T BR A 74 L EE R, PRk 5 i
PoHG, DR, 7R A A DN P e A
T, YNt EE e, Bl PR AL R A
MFRAE T — AT B AR 7 52 .

AR S SRR R] Sl 4 3G R AT By
EFARZER, HA A BA AR B ILE A
PLSE— 20 O, MR T A5 stk g sk fif, sl
MR T BR Pk U0, AR SR S 43R
PR, 55— BRI T S 5 | e i
—J7 1, ATRUCRHIZERLT PCR W75, fil 1%
ST 1 11R JCEARAE Sy FOE Y JR sl AR B8, 9
WM R e 5 SF R T Y
sequence-based amplification, NASBA)' | ¥4}

(nucleic acid

H: cjb@im.ac.cn

945




946

ISSN 1000-3061 CN 11-1998/Q =4 T #2%#4.  Chin J Biotech
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Centrifugal microfluidic system. (A) Dual-inlet microfluidic disc chip, LAMP chamber and

immunoassay chamber are positioned in mirror, and the heating mask in middle prevents infrared radiation
from overheating the immunoassay chambers®*!. (B) Schematic view of the hand-powered centrifuge for
LAMP detection®!. (C) Schematic design of the analyzer for the LAMP disk chip!*®.
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B2 $E. sREFEYIBEY

Figure 2 Multiplexed, high-throughput microfluidic chips. (A) Schematic view of PDMS/paper hybrid
LAMP microfluidic biochip for multiplexed diagnosis based on fluorescence detection>!. (B) Self-driven
LAMP microfluidic chip with multiple-chambers (reaction chamber) and a vacuum chamber®. (C)
Schematic view of PDMS/glass hybrid gLAMP microfluidic chip for isothermal ampliﬁcationm]. (D)
Schematic structure of self-priming multiplex LAMP chip, containing an inlet hole, infusing channels and
reaction chambers, where LAMP mixture is sucked into the infusing channels and compartmentalized into
each chambers®®®). (E) Schematic diagram of LAMP chip and its operation[42].
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Pipetting
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“Sample in-result out” integrated isothermal amplification chip. (A) LAMP-based isothermal
an integrated device, a smartphone module, a

liquid-handling module with pipette tips, and fluorescence detection results*. (B) LAMP-based centrifugal

microfluidic disk system with the capacity of nucleic acid extraction, including: an actuation device, a

microfluidic chip with multiple chambers, and electrophoresis result of amplicons'*".
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SRS SR KA B A e, AT AR ST 8 A
O T BT FEA TG, DA i Ak B 38 R A5 4G DU
2% B BN [R])FE 50 min P . Gulliksen 25101 H
TR LA AR . TR AR . glifk . KSR
F NASBA 9 35 55 K I (A A 2 - 235 S 13 Az il ~F-
5, ATLASCEUE g R 2 W, SEg g R R,
HOCHEVEREIL T HPV AT AG AR . Liu S50
FE T —Flog B R O RGR a1, xR
AR 1) HRI B AT P T 55 0 o Ak R OC 1 52 4R U
Ryl 2 s 00 B R H 358 B RNA 42 HUR
44k, . RT-LAMP ¥ 34 5 52 EF 58 e
WAk . AR St , 4% TR D],
AT RN LR PR L SRR A TR A I =R T
WOIMAE « A5 A% . B IDE A8 S 4% S e i) B
W B, 7RO Es i B, ¥ DNA #%
FRERHL, RPA S5iRYHE S A <5 24> R
HBIATERY, Rk, WE—A ., S
IR BT R 40, Hrb, B HICHERALHE 40 i
. MEWE . ERE. RAE. BAIRSE
SEMIIREEIH, BEUEAE 40 min N, AN R 4G
Y TR i O AZ BR A U

ST T RO B R -2 SR —
ALk, #e0e B3l LI AR L3
LTS A0 M2 . RETRIR I S 2lifh, BIEIRY 1Y
SRR AL IR ot al B, ke, B b
TN THERAE . $Em TR | Bt R
KR I B A XI5 Y IR g | BRI T

i3t —
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X A RS I 40 T S 00 2 IR B 2SR, A3 I T ik
— PR IR R B AL, SEBL POCT Bk
B, HOR R 2Z A 7e+, 230N H Rk
FEARA AT A5, S8 R BRI e TR
FAEMAEEAR; wH, & BRI S
PO B S e 2 W E RIS MR 228 (X
TR TR ), I Tt T
Fr BRI A, AN F T A AT S
24 EXFRTERRESH

5550 PCR 5L, T Rmsssits i iy s
GIRYH, HOLAR R SR b,
W (FIMWE) SRy 1 R, Hhg—
AR I, A TP IR SR
PR, MU, PSR, SCEE
RGE SRy R, AN, tnT DU 5
GRS 2 EHAW, B, Ry
BRASTS , X290 I AR S R A 7 IR AT 474
5 DRI YR A — A AR R G AR B A
Me, PEATYIER by B ) 20 IE 2 ALY
S T B 2 A

N T HE RGN R AT, Song ZEMMRE T —
P45 PR A0 S 1 i B SR s R, R
1€ 40 min WML 1S, FRopPE T 1S
(RAMP)., fd 4A, 4B Jif/n, RAMP F—#E4"
WTE RPA Vi, (B 240 1519, [FE
EEXT AR IE AR RS T RPA BIRY 3, BEJS ,
B By AR A B L
LAMP Sz by &, o474t % B — 4 ¥ IR 1Y
LAMP 48 5 2H9 LAMP 9734774, o] LLiE
b U B b e R YR, FE SRR
% RAMP S s ts i, ¥ RPA 4843 5
E LAMP &9 A H 454, — 7, il wt
IR FE i LA T 28R IE AT RPA 93, K
PRI T IR IR AL R R, A R T 3R B AR i
RS Jy— i, S LT 2
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STV EZE B LAMP §738, SEBL T AN 2086k
DU < Py BB i g 22 A . e Ah, AR AR
Wi . ARSI, AR TRk
)RS 28R 5 R S

2019 4F X R IRK  E1-Tholoth 250"
T — AT “RPA+LAMP Y Al . WY
B AR k. we, milE e ROy
AR HHESE AL T RPA WA IRY 3, WS, ¥
WA EE 2, MRS I 8 Y 5
IR R TS B A LAMP 59155 A B IR A,
WRIG, PHTIEET LAMP BZR P4, hit, @
WY, RENSET XA 5 R U 15
PN ARZ IR AR, L R | e S A
FEXTAE R A A% R AR, LR U [ RT-PCR &
2 AMEE S, SIS R S IR YT A IO
HIEA T & R POCT BRI .

Isolation
membrane

HIV Salmonella HIV

E 4 RAMP ZEHHEXH

Figure 4 RAMP isothermal amplification chip. (A) Two-stage microfluidic chip combining RPA and LAMP.

S. mansoni

ALY WA, R 2 AR S
RS R, X Y P A
K, HEARTE TR R G . 5 PSRRI
AR AR, WAL SRR L i RO S5 A B
IS 2%, U P ] PR A o P R g,
an, FEEPA BRI, SRS
I B R ORISR RTR A L R E R 0K
SRR, X SEHRIG N TP A SR T
OB S BUME
2.5 HFRBFRYEMRESRH

PRORAE R O PR ™ A R | ST I O
AR T — IR BRS-GBS
AT B R BLEIT, d, RERTE T RN,
BT M SRR AT O . BTG F B Y
By PCR AR, BEME S BUAZIR 4 Xt i RGN
BERTE T HE5E PCR IR HTER . 5 %07 PCR

LAMP reactors (16)

(B) Detection results of multiple pathogens based on fluorescence images. (C) Picture of RAMP chip

[49]

including one major RPA reactor and 16 branching LAMP reactors" .

&B: 010-64807509

H: cjb@im.ac.cn

953




954

ISSN 1000-3061 CN 11-1998/Q =4 T #2%#4.  Chin J Biotech

KL, FETWR AR RS EOR, did
B TR 8 S PR A R RO, A
T RO ALY R o RS
AR T R OV, S, L IR
BHEROVAR R, RIS ELEE 1A E 0 M AZRBAR
MR IR S R A B . 547 PCR 28
L, JETFEY G IE BT SRS, dl
PASE BEAZ R 2 0 e S Al o ARk, BT
SR AN BB B TR R M)
TE. W& SA iR, Rane ZEPURFSE T —Fh iR
PRI 7 AT RGN R B, BEAS S B T AR 4
70 BRI B T AR R A I, A5 I AR A

RS . BUT LAMP 4738 S SRR 45 . %36 E
REMSTE 110 min PN, SE 100 J7 4S80 A9 25 B
SRS, A 10 pL RBRTEAE S, A
TBRIEF] 600 5 UK/l 5 H T E S5
ARG, 2% S S R E R, B
T T RERE 2 5 OV i A B B . ARl 5B
Jit7R , Schuler %P2 F B O 08 B AR B T
KA, IF S8R T BT AL R A
WO (ddRPA), Hrb, VR R B2 120 pm
£ 170 um, H CV ZECN 2%4%, A H R
500 1N/so FIFBLHEE, SO T 2 MR DNA
o Nof 7 E A, B B [RIEE T 30 min. 5K

A 3 ) 4 5
Digitization of v
target+lamp
reagents
O
Terrace and . .
chamber U Centrifugation step
] Droplet collection L
Incubation+ chamber Pipetting step
amplification Oil phase

Detection via
CFS

3. Buffer

Fluorescence
detection

7. Waste . ¢

B5 HFRBFRTBHMRESR

d | Aqueous phase

Top view Cross section

1. Beacon, dNTPs, primer

03 Bt Tiekn

: *let generation

4. Sample loading

0.2 pl./min e

Figure 5 Digital droplet isothermal amplification of the microfluidic chip. (A) Droplet microfluidic device
for continuous flow digital LAMP analysis”'!. (B) Droplet-based centrifugal microfluidic system for digital
RPAPY. (C) Droplet-based microfluidic device for MicroRNA detection based on isothermal
circular-strand-displacement polymerization (ICSDP) amplification'>.
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TR AN (ddPCR) M H, BT
T SR YGRS, TS e T B AT
THT, 3 S e T B ) O T, R A B 3 AR
B K 5C frs, Giuffrida Z53%F K562 41 i
Y microRNA-210 #7740y 35k, %
T BERE RGN 20 nL W, KE 107" mol 1Y
W RNA L7591 . SIS IRY 7,
T BT G A AR HLAT DA 58 AR
Peo (1) SEIAZPRA X A, Jo 7 MR
M2k s (2) $&m IHE DA R AR AROAS DN 1) 22 B0 il
KUWERE; (3) HAAEm a2, T BisFale s
BCE Z A b, B R TR 2R 1A Y 52 ) LA
T 57 AN A Py o SO ) TG, B hE S R
AT E

5 ECT PCR 25, BT HumEHoAR
AT DL BB BT S 1, M H, B TR
Iy 3 I E KT PCR iR &, Pk, WK
TR, WA A D L, X
FIFHETHR I RS HESE . — 7w, WO AT 55
TG T B AR T ORGSO
TR PROT S 2 A D e A B LG, A
M RGEAE GRI AR —hE, 5
07 PCR ALY, W £ 7 S5 IR 4 38 AR 1 i
FERAR , BT EE Ak S nsm Jr ik 5 ot
DL — 25 58 TR 8507 45 R 4 S A6 I 1) 5z vy 34
—M . BE M E G M e E M RE, IRTPER
o Xof 5 e RGN R M <
3 EATHRESHNFIEY N A
3.1 RIS

R T SE B B A R ARG, AE e KAk DR
A s ] F [ st 5 ESCEEL AL Ay G 52 A Y
AT DR T4 IR 1S i A W A i vk N TR
it 2 ARG G e ARG . i
HEHRBEIRATE  (CMS) S — i 7 5 A 40 1
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YRR, A5 B B R . TP
ZWF CMS 19 LI ARy 2 I R SR AIG, oA
M RZ IR, 5T LAMP R A%y 1, T
faf BRI T 1, R R N ] N A S O R Y1
RIRT 5280 g R ORE A, T L, X Rk Ak S
= I IR B PR Nguyen 2658 T
— LT AR Y i ) A AR R O
WS RS, LSS EN P KB ESEL
Tl JELAAR 1) 22 RGN o S O 4500 B A R 4
A4 — A 485 A S5 — A4 o 0
PR, Hidr | LAMP 2804 A 6 1 & 2%
A AR O R P RN i %, i B g oo
TA PR, S TR E5 & R R
IR 2 2h SR, dt, S8zl
TR RO, IR IEEL ., {FNEA .
LAMP S5 38 R &5 o 38 4 22 20 S B ke
PIBCE, M AR VR T AR T
BB TR A0 A

Fiah, SHER AR HPV 2 WP A%
v A R VA S, SRR TR Dt B RS R
TSCHE AR A R SR R R R S
3.2 HEBREHEERYT EHKEN

VA L AE I A9 o o R A e P 05
COVID-19 /2 2 SARS-CoV-2 52, BE.4
AT E AR AL AR, HE 2021 4
7 H 8 H,4:3k COVID-19 #2551y 184 820 132 13,
FET- 4 002 209 #°, 47i RT-PCR & COVID
G2 AR IE T i . BT PCR J5 A I Bsf [
WK, mH RE AR, — B
TSI = e, R, HEERBEIE W S
Mg A —E W RRYE, HF COVID-19 g
B TE A KRB Z A BT R AL, B TS8R 4 5
PR B P AL R A I 7 7, RERS TR . fHEE
SEMALTRIZ W, HXTIRBEHRBIRE AR, XA )
FS2B COVID-19 ff BEIHRS I, 42 743 BY 5 {k
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o 23 Ml % 1) B A4 B 48 K-

FNHATH I, CEA2ANETHERY
%) SARS-CoV-2 BB KGR & . iH AR
Xing M T —FM2ZE , 2.0 NERY R
Pt R4 (RTisochipTM-W)!, 5T NASBA
LR RN, REREAE 90 min N, 43958 AL
16 AFEASHT 19 Flvg DLIE IR T8 28 A, £
$5 SARS-CoV-2, RTisochipTM-W Gifi#E R4
HAR R HES . FSESEI A . Lucira
BT LAMP 28R 7, Wh T —Fh i ik
() < it 1 -8 R L e FE A I B, Lucira
COVID-19, Lucira COVID-19 BE#7E 30 min N
(R BEAE ] 4 11 min), 5€Ji SARS-CoV-2
Rt Kim 82 H T —Fppesdt HE 2 S0 st
TEERIES A1), @it RCA Ry 4, nlfe
15 min P RS I H A0 R BR >R 0.7 amol/L fY
SARS-CoV-2 ¥ . Augustine 286 LAMP 25
Py S MR AR S G, SEB POCT Bl
SR 0. a1 NN =i~ O i o e B R e
K AL — A A% R A I 2 2 0 ] A
NI ZEFEEG st T ¥ 8 i POCT Bl plis
R, RS 2 A | R B B
RIS R g T A0 K.
XL, S M IR R POCT B bk
iRl
33 ZRYTESERESRmIENAR (CRISPR)

+= A
%A

CRISPR (clustered regularly interspaced
short palindromic repeats) LR gt AR, I

SAREEH G AR, XS AR I T
— MR Gm R B, B RE AT — NEE R S
T H RNA 5| A DNA, MMIifiGELESR: &AL E )
Wik 75, s AT AR GRS B
FEXFE I g . e R BE R AR H Y. B
FEAREW], FEF CRISPR AJE N 445 AR H:
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BB =T TALEN (6 st IR 1 2R Rz 2%
RN AL R AR AR . B SRy S
RN gBAH LG, B R EWE RS, A
FITF 1 — AR TR TR A A 2R 0 5 S
2017 4F, 6 EURE B 22 B sk B 2% RPA 55
CRISPR fHZ G, 77 4E T — S8 kK- &, FR
5 SHERLOCK (specific high
enzymatic reporter unLOCKing) . ¥l 45 S F2 B
RPA 5 CRISPR/Casl3a (K5 K 245 R G b 25
A, HAI R RS T attomolar 2%, BEEA
R B A B 3 22 S 10T 2018 A Ak I S X
SHERLOCK #1758 , J:T 2 H U0 il
ik, ST ZA AR, SEELT AR BR AR
% 2 amol/L [WZE-RIEEE RNA MK, BLoh,
RPA 5 CRISPR AHZS & s 4 1% (RAMP) %
Gt XA R B BB A 4 5 T A A 2R
58, JGTT A 7R A RE G TAL FRERAE B AT S B
FERRZERD 38 5K 7, Huang 451080 450 45
WA OV (EXPAR) SN i AHEs &, F
FH Cas9 Xf ssDNA (/E 53, K CRISPR/Cas9
5 EXPAR 454, MM AT DNA H EAL i
B AR T mRINA PRG0S
K0 R AH0RE 15 %) 0.82 amol/L., %5 45 [F 4 i 4%
ARGERY MBS BHET, KA EZ R0
AW LA, IR A TERE (REUE .
RStk e M ES) Bamsi—2
$&Ft, 7£ POCT BRI IHAG I | e 25 W) i 1
Pk Rk S AEp, KEH R EEME
H;J [69-70] .

4 RES5ER

PR S Rl i A R DI RE O, RERS
ZEEN i Rk} QIS S eSS 1 = 38712 = SN SN [TAN
Kol R A5 5 3 A 20 B8, i S A Ui
eIl R B F B S — R, XS T

sensitivity
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ZHR . SRR T - MEBBERTEA.
AReiikrp, BB T IILRRFENERY 1
BR, IEXTHCA AT T ARS8 . FE GRS I
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S5 T SETRLY RO B O R L DA A I v Y
A, DA ZER Y R CRISPR LK 2 £ R 1Y
&S R R

5 PCR EARMLL, S B AR T —
L TR S8 A R 1, 3k 0 2 AR T RO
FERGWREEEIRE; J—J i, SRy
RIZEIRY WERCRE A & T PCR A, XAEWE
B SR R RS T B SR Ak, A DR
VERGAEFARIR S . Hm Ak SO R A . Rk
FRAE RS IS, RefE I — P8 S5 IR
PR R A R AR R, O SRR AE 25 POCT
PR RS I R85 v (R ) 55 0 AT R R S Y
JERl . 5 PCR FARMEL, SR 418 0 A 32 4
PRI E I, BEE b, ASRERE LT
P RS e Y i 2 . IR R
ERESCRUNFANANIGIE S N A R 9 (1 )
SIS HE R E AN, TENIE A T i e
PRI . FEAESER Y, W LAMP 4RIy
WY M 2451, T B s A T
e SR AZ TR A I (R S b S R, X T
HA RIS . HHh, 1EN—F B IR Y
WA, FESL SRR vk, FUR N AL A e
RN YNGFINE YU F s A TS S e S
Xof ELAR Y 38 G2 AT A X R B Ak et
R WBE IBMETFAES PCR FiAk . Kok, BB
T B AR H #2a, BE T RO A A
T AR TEALHE POCT 7E M 0 &- KR I W
NG R, B RREEFEN Y R
TR . RS SRR
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TR 7ERE a A S A B | AR
Z RN AT . R AE i B T e A B A O T AT
BERRS, R, —WE . RS RO R
O 7E POCT BR37 e sk A i) 45 38 545 7 380 4 £
o ETREY (0 PC. PMMA %) MR
R, VR TS S B R A R,
REA—SB0PELr . BIARE, CRfERIRAI . %
JE R I RN A= AL 53 BT 55 2 A GUEAS B) T — 2 1
F o B SRR A I B AR HE ) BN OR 71 7
WP E I TE LGS, T RER A
P, A H Ttk — - TF POCT A% R A I ) 7K F-
JeHZ, 5 PCR St Al b, SRR 1 i
T R X AL R Y4 5 I B AR R K i
EREAR, XA A T RS s, W
A A FREACHL S IR 455 5 I 4 RO A, [H]
W, SRR AR S R O A TR R AT
2, HHY et A s, XA T
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