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Fluorescence detection-based high-throughput screening systems and

devices facilitate cell factories construction
SUN Mengchu, LU Liangyu, SHEN Xiaolin, SUN Xinxiao, WANG Jia, YUAN Qipeng

( State Key Laboratory of Chemical Resource Engineering, Beijing Advanced Innovation Center for Soft Matter Science and
Engineering, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract: Microbial industrial manufacturing focuses on construction of microbial cell factories using low-cost,
renewable resources as materials to achieve sustainable production of value-added compounds. The “test” stage in the
development of microbial factories that relies on the “Design-Built-Test-Learn” cycle has quickly become one of the
bottlenecks restricting the development of synthetic biology and metabolic engineering. To accelerate DBTL cycling,
high-throughput screening techniques need to match the size of the library during the testing phase. Microtiter plates
(MTP), as a traditional screening method, uses the optical changes of metabolites in microliters of culture medium for
detection and analysis, which can meet the repeated detection and accurate determination of mutants in the library, and

also have the ability to screen high-yield strains of extracellular metabolites. However, this screening method is time-
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consuming and has low throughput. The automated platform is a good solution to the limitations of low screening
throughput of microplates. However, the high cost of automation equipment and equipment maintenance makes this
method not universal. At present, the main method of high-throughput screening is fluorescence-activated cell sorting
(FACS), which can reach a screening throughput of about 100 000 cells per second. However, FACS is limited to
detecting intracellular fluorescence signals associated with target products or metabolite fluorescence signals bound to
membranes. This problem is well solved by droplet microfluidic technology, which embeds and cultures single cells in
monodisperse and picoliter droplets; each droplet acts as a separate microreactor to achieve genotype and phenotype
coupling. In the process of screening of huge mutant libraries by droplet microfluidic technology, the screening
throughput can reach 107 per day, which effectively improves the work efficiency, and also shows great advantages in
experimental cost, realizing the development of microbial cell factories with high screening throughput and low cost
and the screening of highly active enzyme variants. In conclusion, based on the high-throughput automated screening
platform using microtiter plates, the human labor investment of the high-throughput screening process is greatly
reduced, and the development of FACS and droplet microfluidic technology further improves the throughput. In
particular, the development of fluorescence-activated droplet sorting (FADS) high-throughput screening technology
opens up the possibility for automated, high-throughput, and low-consumption screening. This paper reviews the main
progress of the application of different high-throughput screening techniques in the field of synthetic biology. Emphasis
will be put on the application of fluorescence-activated cell sorting and FADS in microbial cell factories and enzyme
directed evolution in recent years, especially the common strategies of coupling the molecules to be tested with
fluorescence signals. We also briefly introduce the current research and development of high-throughput screening

equipment based on droplet microfluidic technology.
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Fig.1 High-throughput screening automation workstation for microplates



%£4% www.synbioj.com 951

T AHAR B I R R O A 9 IR B
JR AL A 8 W A U D A SR %HL%

e E S EL TR, RN T E S
%ﬁ,Mﬁﬂ#ﬁm%QHWM$A%%ﬁﬁm

R AT R 326 F AR P R 40 2 32 BE 0 KR
XYM AR D Ty AR Ay R . Hoh 7y i Y

A A F E A R RE . M RSR
GEORALEE) . BT RS Rll#) . s Racm
M 3k R4 Y
WA AR (FACS) J&—Fhorig Ry
AMMIA, BEHE IR A 41 B FE A 0 AT SR A 1 2 A
Sy, [FRFPROERT B AR AT ik [ 2] ™
£ T FACS 73 e (1) 8 R AR N & R o e B 1)
41 i = VR i A R R N TR B TR B E N
TE B ) A0 ZE FNHE BN T 240 A o A 4 HE B A AR
EH T 155 11 Ak vy s i A2 3R 00 58 A PR A A2 ki 22 1l 35 )
() 40 LV 5 TR B KR YRR 5 N S R O TR
HHAE, WA R A g0 M4 i i
RBEEAE 5 Rk AW RS . KD
PLICR G FE, M REURKIX S5 B A N U
B ARG WG, KX e s g f i g 78 LLIE . £

AR AT 5 20 PR 80K e O S A v TR L 3
MIfE TR, NS B A F RS E s

DLH PR AR 72k (B 2) . 52630 4 i

Sheath fluid

i

Laser beam é

Fluorescence

g > Scatter

%

5 ©

Waste outlet  Collection outlet

(a) RCETE AN /- IE AR (FACS) JF R = B

(a) Schematic diagram of fluorescence-activated cell sorting (FACS)

SR IELE AR AKT Bt KBS RAZSCRE, R R
o OGN B IR P A B . Rk, T
FACS 75 18 £ i e 42 Tl B ik 18 8 AN e 1) 2F A0 B
R BRI, T SR B KT 1 2 R A
H b r= W7 40 o (8 5, 1 P P A7 100 40 T R 5 EOR:
T FACS = 18 &= i & B FH V28, Bt ATE 2 A % 07
A H R AT e 2 Pk AR Y B A7 A X
15, AL ET FACS il & ik 3115 & i 1
SRR = e T AR RN 6] (R Do

2.1 BFFACSHEABESTHiIELH)

H AT, FACS $ AR K7 5 AR P iy i B 1Y)
ST RIGR I, SRSk T A b B B R
JEH XA 2 R B T HRiEE . 1§
RS EEEENH. LR EENA
U JLAFE 2T FACS il 2 i i B AR 48 i 2491

Lt e Ak E B S E AR, &)
Z N B Z A ak M R AR TR SR e DA
THRTRE 3 T A 7= L-2F e 2 R I e 4 Tl Bk
SR, L-F B 2 B8 1 40 B 5 P A AR i 428 I 2% 5
e, R AR GuAR Y T2 SR MG (5] e o5k 5 4 2 [
At Rk @R I ) Tk se Bl L-F e & IR A
N A . T EARRE S (kiR

Sheath fluid

(U Scatter

Laser beam
(®;"— Fluorescence

|.+

Eﬂ@

Waste outlet Collection outlet

(b) i -FACS R F /R 2 &
(b) Schematic diagram of droplet-FACS

B2 JET FACS HoA il i i ik
Fig. 2 Based on FACS high-throughput screening technology



952 BRENE F45E

K1 FACS N Tl fole 5400 1 MR S RVl 1 170 A0 B S

Table 1 Summary of recent FACS applications for microbial cell factories and directed evolution
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I [E]AH 5% R B0 7 TH B, RT3l A I E YO 1Y 2 O
73 i AT X 23 B AN R A 2 5oy IR0 - AL an
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WA . R AR 38 4k & 9 8 1R A5 o A bl gk
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B 7E B K SCE FR 4 3R A4y B8 B A H As VIR 1 v
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ARG MR AR S Y AT, W e
ARFH T A FE 35 ug, nrdod . vk 4
HOH AR . A H Kl 3R (dielectrophoresis
DEP) AR Z Wi 4s i H I E3h ik img. 4
A FRL S Tt I A g R A R v ) L B R T,
BT A PR T, 4 i 52 BI04 5] (9 A | g 3

T B0 S [7) £ 34 25 B9 S5 4R B S B4 48 i

[ 3],

3.2 ETFMHEESERASEE LA

& G0 () B 3 7 vk, 0 PR O I R R T E A
W5, oA m s A% . 9% 6 B0 40 i oy ik
(FACS) & H Hi FH T B4 i 73 346 R0 43 7 () v 8 =2
%o SR, FACSZERZIGHR S JLR B8 AL 15 57
6 20 B P PN B B T . WO R R AR T
— M ZIhEEERAE RS, RS B LT
25 1) T8 6 7 A R 4 B B K 4 PR , VR R
%) B 40 R I = 1S 00 R S BB M R, A 4
YILERCR AR, ARG LL 0.1~ 1 kHz f 471 2 P s
i e I LA, ROGBOER ik (FADS) C#
I B A A TR AE R (R 2. R
T 3 2 41 2020 4 LLK 1) o8 2, 1] B FADS
J5 VEAE e AL AR ) T R AR IR B AR
(1) 5 B e FE

2 FADS N VAR BRGS0 1 5 i) 1E A K2 ST 451

Table 2 Summary of recent FADS applications for microbial cell factories and directed evolution
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a-L- 75 A% 1R KIGHF o-L-J3HEAZ IR A5 B i 10 i FIEARIC R [77]
YR HRAZE R T RN 46% FIEhRIC R [78]
3-MAFEHR KIGH B 3T A FE LR T B N 30% TG R [79]
YKPik VHH B &R IR (10 W R EE A7 s JEA 3 T VHH = R = 2.78 1 A IR R R B R 1 4E 9 [80]
I JE ik B4 A IR
i 1% T il KA FF RAF B AR RS 4- T HE R LR R SR AL TR PR SR s 6.2 4%, 0 BOBhRIL IR [81]
TERERIOG R M TE VRS 5 30 4
L-t0 %R KA FAF = 145% AR R KT SR A R 25 [82]
T 445 KIGFF P GR P RS RA9S.0 1 Ab 15 ME IR KT 7k 80 fiF PRI IR [83]
BB B AR AT 1 PG AR B0 HIRTE T 25.8% F119.1% (AR A B BRIE LT GR35 [84]
1 5k i T AR 2 AT 1R G5 8 7= AR T A I Bt = B 1 0 47 % (19 TR AR Wi B 75 % R iGluSnFR ZE )45  [85]
SRS
B O S AL il KA IO B TE — 50 1K JS (A 28R B v 7 960 fif % W 2 B S I A Bh G IR A [67]
R e A
A il 7% T BR AU ) ARG T 1 MR 77 R AR 4H2, BRI Bk 48.6 g/, pH BURAL RAR [39]
AHEG R BRI = T 73.6%
D-Ff 345 B % PN PAFARCERIE = T 17 5 T8k D-[5i] % B ) 3 S PR F A [86]
LUK E
PAERITER TR B 7 34 w7 A R R YRR TGRS [87]
o-VE K AR 2F AT 1R BRI 58 Y o VE A B A 7 B e 1 AR A PHAR LR [88]
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3.2.1 FADS A TR o0 & B A AR i
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A PE B ARA A, AR B AR (0 5 VR SR B K 5
SRR SCFE, 454 FADS (8 & 5k 8 R 3815 = 77 i
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1 b R R A R A FLAL T . BTN SRR
FADS H3 A 366 fif € B 2 FOAF B o 7 4 20 Tk o il 5%
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FIA 10°se FE T I, ACIhIRAR T 1 bR SO i Il
B 47% L A bR B,
3.2.2 FADS & A T 8 4R B 4230 AR 3%

BT AWk 2 A 5 R MR A, SR IR
I 38 A g JE B, B “ RAVEEPR AL, d# T FADS
i 05 [ AL 75 A8 SC PR DASS 8 PR B R, RS A
BT 20 7 4 B 20 BT 42 08 DG B Dh R Bk IR . T AR K
AR PRIV R K X E B A R T — A
CRISPRI-FADS i & i ik 1 &, H T &Mz A
QAR IRAT B8 72 o WA B VB TR ORI R R, OF
RYE T B SOE QUK PUAR VHH & 2050 W AR 77
FESEIR h, BE AN D1 S M A SR AT B
CRISPRi R 48 3 e, ¥ H %%t % 47 £ ¥ FIAsH-
EDT2 %} VHH #4722 e bric . HArid i 2 /& VHH
(1) C A uifg 5 DU - b SRR K AR 28 R AR Rk, Rl G
AW 446,52 6 FIAsH-EDT2 ik AR ic il e 2 &
M, SRG, 454 FADS i B0 ik B A o S
HHAT AR IR L . B, Goad =R R I Y 3 [N Y
SN, HEOR T ARREER (1 0 WA TR B AT B S
DR 2 AR 72 4 3 L O TG 6 IR, s A M Al i T
7 AR R AN TR B A TR, ik
T B R R IE SRS, T FADS /= 8 & i ik
SEIIX— HARA ) T A
3.2.3 FADS B A TH:Z i FR1F A R A AR ag B

TR B AR PR ) A MR A AR PR
ZHTIRIKRZME R . BT Lk B 0 356 [ 3ok A% 5
ETTIEA R 5E35, 0T 104 1 1 20 2 oKk 2
PEGRAR I 7 e B FADS 352 AR T DAAR o ik 2k 1 58
AR SC R ) e R O O ) . BIF AN R TE R
M AR IR RARELHE AN aAE RS
K W T 1 1 % 5% K F- MphR 45 & 0% GFP 5 1 %
ik, TR AL R IR A S ARG E R G

5 W FESEES R, WAL DR R A T R TR
MR (AL RS s IRk
AL =B ROCE T, S5, 4546 FADS
7 06 52 AR 58 i 2 R IR AR R AR ik, RAF 2 Fh 4l
HR AL W . BJa, Iy A A S A
MR A RN . A, PR RE
JSURNA BEAR BRI I — A R B T OB R
AEFERIRCE , D 5 TR BB AR A R gL T
—ANETE R
3.2.4 FADS &R T 4% 5 %A1 B ARG = 40 T Ak

M

WA 7 P A B TR A — b B 2 o T R
AR EET A AEEEH. BAWIRS
PR ARG T, AH A 2 BB AR 2K B AR iR 5
Wy, FEE 2 T TR AR B R . A s A
A 70 ik T A g s e BRADL IR B 3 T % O JE AR Ak AR AT
FADSHA, AL 7 ORI 1 R B R 5 2 65 5 18
TG 1) v R RO T V. AR T 1 bk e R AR
BRI, L TR R R B O Bk 48.6 g/, A LK JRUAR R 3
FEEREE T 73.6%. BTN GE Se i @Otk I &
Gi: Pirl. Ago PIANEE B BR ZOGE B E AL T 1
BERRANRIE, BT R M A B R = & 5 5 5
k. PR OGS BRI BEF] H ARTP 578 4b BE 3515
RAFR S, FFH FADS H AR G4 p 3k 17 G, 5%
B Ja HE N R 2R Gk T R 53 WAV A T
WARRNRIEE T, B 58 A I 5y 1%
3.2.5 FADS A T B Z dy it 4L 338 & i it

Bl = 3 A5 g B A A0 05 MR AR A2 R F & AR
AN LA BOSE RISz — i B A oo
() 3550V T A W AR Mg R D A, 1) 33 A A T SE
56 AR R SCH AR AL, W BE AL 9 R 2
oy gt R4S B e K RAR ST, ik th B H AR IR
(M EE 0T kT v I8 O I e AL SRS, H
T ZEARSEMMIIAER R, KR H & Sk
fite 7 Rk mEAEEE A . AN RFR T
— R A E 7340 1 FADS 9 05, DL A
BT R N R AR RS, S BEE E S S LA
ROAE T, FIH FADS ¥ £ 5 B2 i B #6152 B
5T I e A M Ay ik . B, D- B B R A — Fl
fRAE AR B M O R RE A, e I
3-ZE W HHEE (KEases) LA L. BFFTN TR I
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ZEAE Tl 25 N R I i VEAR S i 52 P 22 55 i)
M. N T RIS, SN LT R A B D]
T TR s KT AR AR RS, IR 455 FADS il &
1 36 52 A ST A D=0 7% Bl B ) 2 ) S A T 1Y
T RCHE AR RO 2 B A SR R 4L Y 3 T
FADS 3% 245, M PET 974) R /KFE S A 42 48 37
A PET AR . 1% B\ & 6%t PET 95 23] 1) % K
W A 0 B AT R B A L E . RS
W ROCIEM KR K FIREE (FDBz) {341 %
1 J YT R 5 BB M AL S B, R R AR R 5 Ol B R
HEREE (FMBz) FI98GE, MR I6(E 58 Wik
TN ik . BeJa, @I FADS /Ryl & ik H R
BTN 3RS 9 % PET B ARG, FE X542 48 (1 A
PET 4 ffBBg 2t 47 R0k, SCBLI PET PR TS 1%
FIHID B6AE 7 A, B 7T A T R I R PR
FADS =y 5 i 16 °F &, J8 I A 40 52 56 56 HIF FADS
e B, R X G IR T o-UE R B HL A
AT B RASCE, Bk H o-VE K B A 7 e
TR AR, g N R R ROt R
BODIPY FRicyEH}, 24 a-TE KB K MR vE R Iy, 98k
AR TR N S R B, 3R T - VE K i K A
B PEEAL R0 OGAE 5 LI oy ik

4 youfE s

FADS fI FACS t T il & . RVE#E, 2 HAl
O R R R . 7ESET FADS [ il & i ik
L ERA i A O AR B ) RIS B TR N R
T8 A 5 B S VR 2 AR T B AR AL BOE L
MM 23356 BT 75 TR 40 o 1 FALC'S U 38 ik 47l 3 4 i 1
B AR B0 A5 S AR b AT R B R A sy ik . T
WA R, B E L ) R — 2 A SOk AE
SHIRMREMEK. TR —XE, o8
FER T UM T T SL 85 5 il .

4.1 EEFmE

REERIEN T, B mAS BA 76,
A E#% H FADS &l & ik . i, B 50 F A
MR VOLRME, SdamBaEmiEER, KA
PR =R R X EEBE - (Yarrowia lipolytica) H

B FLERE  (Lactococcus lactis) "' ™. [FIFE, HF
FoN G R R B 98GR P TR P Al A
W AT AR T AR 28 ™, B I SRR
FEVERN T s s i (R A e 2 R, FFEE
PUd AR K wAR  BeAh, BT RINAE 488 nm
KOG, A B-FHE M & AE (535425 )nm A 4%
WEME S H R R, X —RIMTHER T A=
FH ] P 4038 8 A BE T I e X R e A T
7155 FACS mid E i P HARM 4 &, &3R5 B-
BRI 2 R 0 53%~ 166% (179 Bk AL B Y
ERIX PP 500 T3 S ke T 5 R AR B AR,
HEAZOCRERLE MM S, K, JLPRE
FUAh N FH #5875 2 — L6 T B AL S IR B A O T A
MPES . LU EBEAA AR TROLE S0 H
TFEWE o

4.2 BETFHREARTHESEN

il 5 e GeRH PREHREAT R 8 2 — P H T
TR Py A W N BB R T i
T A2 BRI . FACS il s vk h, O 1 fRIERE
MR, 5 208 20 P~ B A5 40 i 9 LA
Ja AT o A A O G B, Fes s E AT
SCHLAR ML P e Y. BRI, AN N
HIAN 73 1 9 bR L R I 1 T e i o N i
Wi 02 B I J 7 A BR) 9 01 7 ) HG 92 s i s B 4 i
W E TR R, RAEZOEE T ALt
ik B, BFFEN LR T — M T FACS @&
R e B AR, T YRR e 7 g O E 1 AL
DN N E ) o o RN D N AT [ L A
el S, SOEARC IR A N- LB AR
2 (NeuSAc) i id 5 ife # L e da 8 A #E N2 e
40 e VR B AR I Cst [ 54K o VAR AL 1) 9 D' 7
Yo e s R R, TR 5O A5 5 4 SR AE
MOV o %07 R A T e B AR AR i 2 17 AL
W AR, W T B T 20 i S T A o LR O
X AR E AR SR K W) 38 2 1 I 22 S S B P
JGAE SR, 454 FACS i i B A S B ey i 5
FE IR % e e Ah, BT TN B0 i K K R
Je bR SR AT b A A BH LR T B AR 1 A s B 4
N [ E7
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5T FADS i@ s+, Sl X S0 m
TRBE T 400 o AR I A I R L - R B 4 . T
Z, FADSHKMGESRIEA R T4/ E &. H
FT, BIGYRHERET I BEAE I 2 R 1) R B A
Fe SR A I, 75 55 R OO0 R AR B K H =)
5 R K -3 R B ORISR [ SR PR IR R Y
B 7K BB 1 5 B A B AT AR, AR VT R
RPEZE, 2 TRy BB A, SR AE AR 1
TG T AR R o X PR 03 B O 1S S 3
TR 9 14 (] B AR ARG O e ) VEE R 1 o R T R R IX SR
)8, AN D38 I A 0 A S T G I S e i
SRR, $R R RO R T B AR E T

ROCIRY 'S H bn B 5 T B B I B2 & i &
W [E4@ 1. flhn, FlH %64k
BODIPY it yE#r, 24 o-TE Ky BEK AR vE Ky, 963k
V3088 T3 0 5 D6 n B2, AT - YiE o T 7K A Ak
VAL R TS T LB ik, SRAG =Sk
o-VE R B A AR B, SR, IR 2 AR Y EE B
FEREAT 96 % B H AR 1 o = B AL 0 R
bR, #S N FIH FADS B AR BEAT Tk B #k

AR

(a) N E A 3R
(a) The fluorescent product is
trapped directly inside a cell

(b) Enzyme cascade reaction for
indirect fluorescence detection

JHIAH JHIAH
JKAH TKAH
)
@ » o

(e) S A B s R 1A E A% i
(e) Intracellular transcription
factor biosensor

(f) =200 ff A= P Ik sz 2%
(f) Whole-cell bioreceptor

i 326 AN S 1 30 A PR R B0 T T A K L Atk Bl A
IFAVANGIEA 273 S A DD M Ik e B Y (= R= s A
Nz ) R ROk (R4 ] Bk
ME, HWREEAWREF=YS %R &k
Bl A 77 2R A5 5, AT S B H AR AR i 47 5kl
TR SR . %772 T AR TR R R H AR
TRBg . B AR A AR A (R 4o, (D],
BN, forra oA B (CHAO) 1L
A e A AL AL, TR S R G R Amlex
UltraRed # BRI E AL Y0BE (HRP) AL RE RS
FM . RIERIAE 5, T iE T CHAO 42
iy 7 fEEARSEES Y, S A CHAO ZB A4 I B
TR, MEZE, SRR, RN
JRA -8 5E-1,2,3,4-DY A 7 Mk (PheTIQ) . BT
Biff HRP % % Y6 Yl 0300 R AL by, RIS T2 BT T
WOHR T IR TS ER], B2 #, &
RIS VEHR T 960 15 11 CHAO fig 2514 7,

4.3 ERBEFNSEMERSR

T LT SRR TR 0016 B 3 Lo
THIAH

THAH

L1 ]
NADH NAD+
Y i

NADH KA
e

N
ﬂW%*

(b) BEZUDE SN T IR AT IO (o) B JRBEMRIBR IO AR 2R (d) S ACEHBIBE R BB e 14 2

(c) Fluorescence detection system
coupled by a reductase

(d) Fluorescence detection system
coupled by an oxidase

® Hirm¥

¢ #RET
RNARA B
GFP3E [
GFPHIGHE
H AR 3Rl
PARES

H b5
TRk

() HEARTT R LE DA% I

(g) Ribosome switch biosensor

CeCilx]

B4 5k rhde A 2 DRl Y- B R A A BB T ik

Fig.4 Genotype-phenotype coupling methods in fluorescence detection
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PATF R, 1 A5 9 A% 2 ) R A 2R 0 B B st A% T 4
MU SL H FR =4, BT 4 R R AR
5 1o T H A F (transcription factor,
TF) AP 2 E B R AR HE H T .
1T 5 2, ol B A = A B i e 8L 4 7= )
AL FECR AR AR R KA BB, m
TR S5, AT K R B R R OC . T
R 7 I AR AR IR 2R T LA e A 40 Al o AR
WP IR N R B S TR AR B S A ARSI 4 i
53 VWA 1) A 4 7 S DR 7 AR A TR
43.1 NRMHERRFEDRTE

PR T B S TR 1 A ) SRR 2 2 2 TR K S R SR
BR - A B A = B bk b, DA 28 7 1R bk B & AR
FERe ) [ 4Ce) ] B, #3535 KF CedR 454 L-
KPR, 585 T PeedA L DNA 51 45 &,
RNA & W oS P FRIA . 5T 0L R,
Y M 9 L2 e S R VR B i Ah R 98 e s FE A5 5 B Bk,
SEPUG A PY L2 B R o B A B FE SRS
B F0 N 538 I i s R A R SR, X 8 L-
2P ik R 1) B S TR A A A S 11 i N R A
W) N7 o4 B S PR T OE AR T . RIRE, N T 3RAE
A ERIR IR v PEORS 2R W X B (ADD AR A
By 7, WA E TR TN SO E AR EEYE
K2 Arg-LiIMEx 240, HAG I JEH 41 R . 165 4
GG (eGFP) 115 )t e BE A M6 T~ 48 g 7y
R E, T074H B P A SR A B 2 eh RS R M
THZHE (ADD R RIS RE. BalF5
BRI AR AL (eGFP) M, EREMR
HAETR, SEVEMS T ArgR 4545 K ArgR+F &
MR +ArgR &1k, H AR A 3 argG 3 301 X 35k
BH 1k eGFP 3Rk . b & R It W & g ADI 5 [ 5 417 il
T ArgR HEARSE S AN I MRS R, =i 7 ADIAR 44
AR R R R R, PHIEREIRS ArgR ¥
RE AR, J58)eGFP R, WIS 5l i i
Y1 PN RS 2R TR P BRI 43 3% HY S M ADI
RN . ik =3k A BE AL 2 A FACS i ik ,
YE R AR R (M31), 5 EFAE AR L A AL
PR T 970 1% 7

B 7Ot E B, BTG R T
SRR (e i R g B2 A e B =T 11 Dok s N
T S R A 5 I R R R R G R R, AT

RIS AE 5 B AT A0 M o3 ik o ) FH 3 L0 AT T
RINHAEIKR R G, Wb 17— Pk w7 H, 1 [ A
Bk . 129 FEAFAE T, hup BHE (HupUV,
HupT. HupR) %5% Bifl, H#5F B-F A i
Tk o B2 FUWEE B AL O Lk Rk B IR 2
R -B-D-P IR E R BOR O ER, Ok e A ]
BEGAAR, KRG T —HREA 2 10 50 R
A i o599
432 LWt RATADERE

20 B AR IR 2 2% T S DR A N BB Y
T = A DU AR D R Ve A 40 R AR AR s, L HERR
WL A = TR A WA PR R BE R AE AR R [ 4D ] K
FF TR B PR 2 o ) A gl i AR AR i Es e 2. 2
A R AT R s AN ] 7 PadR AT DURE S 1 4
EBXE DR JEIE, K PadR IR N K7 H &
n, WEAEMBPAEYERZSE. B EGRAE T
FE W B T AR MR 5 K W+ B A2 0 A Sk 4 P ) 356 A 1
THEORE N, JEEEROR AR E T, A8 RO KT
PR 2R W) A% A5 5 DR 3 328 7 A T B 4 P R
FEAR R B A A R« MphR & — Fj e sk il
B, ATaR 0 T 32 R 3 N R 26 4 A v
A OO R T TR A A DR S TR R P AL A
PRAEVR i 3L 85 3%, RAAM AT RN KT
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G5 R TXEE S, SRR GEHR GFPRIA.
L RAEBOKTF 5@ GmE £ IEME, JFE
I HEE W ik (FADS) #4740k, 0] LA
ERAREAFER T ENRLREK. £IRZ TAE
HERIE B 4 40 g AR ) A% B 2R - B bR AR PR TR R 3
B IR MG AE /N o3 07 8 R (R AT M T BT
N 7 B W I A S5 [K 7 BryD [ AE WAL RSS2 B)
RAFTE R~ A AR BRI, 5 2 40 M AR ) % ik A%
() EryD &5 &, FF0E AR 2k N 3 08 7= AR O A
T PR 17 308 N SR A A5 B I v R BE R R T ME
PR R A, X Fh 4 40 i AR ) Ik 52 s 5 s A8 B
HAEAE — LEJR B o A O B I ) R AR ) A IR AR
BRI AR FH AR P B RR LE VRGeS SE . AE
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RERR , 75 3 e S e 97 B o v] B2 B 4 1 B AR AR
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Hef5 5 REmT K, I H 75 BRI R Ik S5 K B AR R
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AL AR B Ml X 2 e A 5, RS 2 R 1)
iGluSnFR 2 [K 4 5 A= P A% B 8y, X A2 —Fh T4
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4.4 BREBFFREYIERSE
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S G AEE B — N4 B BN RS T Cyto-
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FEE 171 52 B P A 4 B R By AR R 11X
TRF P 7 b A B0 20 i 23 7 2 L e VO B R 107 B/
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