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Application of Flow Cytometry in the Study of
Cell Apoptosis. Zhang Qunzhou, Zhou Keyuan,

Ling Guangxin ( Institute of Medical Biochem-

istry of Guangdong Medical College, Zhan-

jiang 524023, China).

Abstract Apoptosis is a programmed cell death
which can be triggered off by cells in response to
variuos physiological and pathological stimuli.

Recently, studies on apoptosis of tumour cells
have attracted much attention. Some methods to
detect apoptotic "cells have been developed on
bases of the typical morphological and biochemi-
cal changes during apoptosis. The application of
flow cytometry (FCM) in the study of cell apop-
tosis. especially the value of some new methods
based on FCM is described in detail.

Key words apoptosis, flow cytometry, nick
translation, terminal deoxynucleotrdyl trans-
ferase

C oz

Tk EHEV

ALRERXEFEMLERS FEWER, LT 100083)

WE FEMKS 4 DNA 75504 DNA RIEFAR AR REANER, A0ESBNHiERE
REEMHY, KEFERTE. ERAYREEAREYRAEDAR, Ko FiEukme, H
EMRAGHRE AT DNAMRRFAEARALEES, X—FLEXTTHFH. HELHER
TRHELERM. EETEIARENXRBERY —SMEEENEARK, FABHECHRAHAR
BN, ERTEGFHARTRERE. ERTEESEEDLF, —BEREMAR (MEFHS

THLHIS) REKELTFRGA RERR.

DEBEEA.  WE AN, 1995-11-27, £6E HHY. 1996-03-11
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XiE  AEHITE, EFEHER, DNARHEEH

FI 7 4 3 £5.4& DNA 7] 5 4MEYE: DNA
HEREFN R ERTFEEANER, LXRESR
BimgRagk bR -EEMEHY, HEFD
EETHED, ERTEVUREREERAY
AR, FERRGEGBY, TR IEFEREE
pEEP. BEREETRREXERE, 7
BEE R R ER A NF AR JR
HESIAFEEFREEZHRAREL. B2,
EETHRE A BEH SUE LR ENE
R A i F RN,

HEITHE 80 FRU5 H K REFXNFH
AR, THAZEEEAABEEAS, KEH
56 (gene knocking out).

YT EREAS M. —RFRFE4HA
(homologous recombination), H—FIEFRFE
"#1 ( non-homologous recombination ). #p &
DNA FBEKHFRE®HERESEEERNFRE
HEER, FERMERARITHESEEMNE
MABREZSR (BWE4H) Bk, XFEYS
FRARIEES. SMIE DNA K By [F I8 F 5
B, RAEHESESHEEER RIS S,
URFREFIINGES, HERENEHRR
FERFEEAN.

EEMFAREARBEE RN EN AR,
AR, HEPIEREDHETE.

HIRZAEMER TEEARBRBRLUEK, 2
ZEZNHIRBUTHRERTEN T E, £
SMEEESIAEZEYHAR, FFEIANEEA
REERE FARPERE. BERANEHR, FRE
SAEZEDARGEETTRERE. 4F4E
WEHFERY, EARNREREHINE
EERUFH TS TE—RAK DNA
b, H—EEHNES; HORERHBESTE
21 DNA MFFE LS B, e Al s A ER
FRIEK. S_MEREI Y ERITE. BNE
TR ERFGEEUE, A EEITESY
FiEFEHT T REMBET, FEBIVEBRHE
AF .

Capecchi 7P i B HE L BE T4 (embro-
stem cell) & Hprt 2 E (K 3§ r&- 5 G4 g
MUBHEEER) YERER, RERT
. OZEFRAESERN, EHEESIYEAR
WALE — DL B F 6-Bi RS ] R FE X
REEIEHR (Hprt') M4, mMHERZEED
AT 2 6-Bi B EERS; A& Hpre A 40
M7ZE HAT EFEPAEER. HMXZERA
RIEFMIERRMIERS. WAETEBEFER-F
BEVEEE (neo EF), MAREILEA
BIEMTE EAMTTAH G418 FEFRER T,

Thomas %I E 8 T — kIR K 5 A 7T
F# neo EH K, RAEHHREKEET,
PR T B £ 1 i [ 20 B 4 N (R 7 B8 3 F =K
RABNES, TRBLRE, X GHS FXE
itk MAX R, fFETE CD4, Py %
FiTHAGFISHHAM. BES, Mansour 1
Sl T —FE. fAimeEsk, A LUIERR| e R
HAKEHILESEHARK EEZ2HR
M HEESEREHAE AEERK
(positive and negtive selective carrier, PNS #
), KBRESHFE, AEFEEFEE—. Eik
FHERE (ZH neo) EHEVESSREEA
F A ERRE; ARFEEEERERMGRE
RZo, GLFREH 3 KS (FH HSV-TK
Z# A, herpes simplex viral thymidine kinase
gene). EXKZEEEHIEESREINE DNA ELE
& DNA REH &, HHESERE 3 KK
EH. 8k DNA £S5 R4 DNA K AR E
HHLE, BE8E KRR HSK-TK ERE X
Z, AE5EEMEE. WHEME (TK)
AERASH (ganciclovir) F2ZE R BEHELHE
B, AmTHRESHERESFEEAY AR
Bk, HERRFBENLE S 4B tE. F GA1B fFIE#E
7, MAEEHE neo ZEM MLk BRHRE
SEMAMERIKS TK ZEA MMk, RE
& TK ZREMFFEEAMRER. E. AE#F
B IR R A 1.
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E neo

A B
] W VSIS s AR S S LSS T —

| amsnmen cos mammamn
l 5

A E neo HSK-TK
TN YL AISETEL PITITIE: R OIS ]
ik IR il A E B
| RS - -
R FEEHD
” v EESH
R E

BE1 E. AxFREHBERES
[: E. MZEFEDNA. 1. REMAEDNA. [, IZHEFrIRENFEKX. A, B: RAEaEKEHH
AMEE; E: 8k EMIMNEREE. neo iy G418 HitEER, FIERFREE; HSK-TK AL LAk HE
B . ik HSK-TK 41 IBE M A B S H BT .

KHEE PCREARSTZNA, EEFE
B FHIF4A 4 PCR i R I 3T R fp P Y 40
F bk .

REEITRE AT BT E A5 AR
WA AR AR R S B R A&
HEIH KRBT BT, Wikt 323k E ke
{4 DNA K # /& b 408 DNA F3 854, &
I xF 5 4 % i 2k 0 40 By 2 4k DNA # 17
PCR, #i& PCR fFR™4, FEr# Al
it

EETHEERBTHUPIEE—EFE

B Bl ABOGANEREE EATHT o 8] A%
AL N A¥YIH J 7| WhHh T i=d - Adee TS d AN LSS

JUS

1 EERITEEARSA

1.1 EETERESE

1.1.1 BEHEFNREHHE. BEMEEM
4 AR R 7 BRI IR A DNA 408
BAFTAERICEE (40 neo £F, TK &H
%) MREL. WEAREVEFTERE.
HEFRTEY EHOARE, HEEEARGRIT
FiE. MATH/E—SFEEHESIANRE K&K
DNAWR—fi &k, XFHFLTRTHEE
BEOEMNEER (HMEMER). AEEEA
BRIFCEESRS. A THEE—BELE
HABYEE, XRAERTHITERE, NE
BEEAHEEENNBHFRAE—IETFH

DNA F B RAnic 2 H iE M 5.

1.1.2 FHEF. BESNSFEREELRE
HDNAFAZHRARZAN. —Bh, BH0E
SterPREE, EERAEERK, BFElaT
R BHMIESK, BETFEAH.

1.1.3 FA®EREREFECHFIWER.
—fih, FEEEMEAIE. it H G418 T
AT A GEFRIL neo BEE M 4HM, RS A Ganci-
clovir Ik & HSV-TK IE# iAW 4, B
TR SR A o R 4E

1.1.4 NEHFPHROEDFHFE. BESL
YRR T A N EEA K. WHEEH
BT EMBER S FEDFERT.

1.2 EZEITRNRSR

oy F M BE LR, EEITEAHIFS.

a. F: R FTH0 BT 38 RV @Y 40 MO BE BT LA B IR %
g, XATRAREKAR, MRSHELER
FHB AR EEE RS .

b. EETREENMEEEIIA R ALK
DNAWERB L. FiRTEEHERT,
ERTREE AR R EAEREFITEAN
e

c. AT EHEFHEEXFIAY
HHEFELEA DNA B EHI e E EH.

2 EEITERRFENRE
a. P RME, TREREVEANELR,
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R X B i B

b SMEEFGIAMRZNEREE K, W
RZSNEEAEERAENE., OFER, A
R B T T8 E R, FEAAGN
BHRTA M ER B R R E K.

c. FEEFEEAFIIHAR T, EWR
fER TR, SURKEEER, @/ 2RE
SHE AR R RR RN R E"

d. #ERATHEFRR KN, B, ¥EE
BITRERMFI L5 Z FEEEGREEE S
Fol, UEEH M E—FEEN%T—H
TR R

e. Jefn il n A BB K, HEER K o
TITEETAN, HHZERITENEAZRHK
RXf e k) DNA B B R AR A& KRR A B
] DNA L& #.

REREFITEEFE - LEEARMNE, HA
TS REBE R XL R, ERITERARME N
—HHFHSFEMFEFRAREEAHZES
RRE.

3 BEITERRNMA

3.1 HEEY. BEFNED D

3.1.1 HEYHFHEEWRE: EYNKEHARR
At e—1THaRERRE— M HEEY
BEJ7. XIHE SR 694 4 40 BRGE o B E AT R A
%, BEPRERFHME (HB) EFSIA
RfafkBERAD, T EYEEE, KE
REHE.

3.1.2 X330 A: 7 40 Ha sX 5 A AL AR T 40 B A
EEBHEEU =S —BAREENFTHA.
MEXEBREREEMIFERRIEREY RH
MRANRIC—FANFHEERE, SdEEE
M EEA—IERHREAN IR, =AY
ER: i

3.2 IeKEFTHIRAE

3.2.1 BINHEMEIT: HARE RIS AR
PEITREITE, dEEHARBE TAHA.
Xf—L6 1 41 A A BER, PLEN B EE B
&IMLFaR, 2EFE, AdEETEN N

B ERERFERRENER, ReiuE
MTFHAREBETEED). -l Fihx
s/ Bt DNA SRS T8, "1 A&
PR AR B Y A BT IS 5, SEEITHUE
FHERERARFTHER, ERFELEOARE
ANER, FHMEEEEANRE, WMEINE
TR . BT S PRSI ANERAR—E3F
BEREFRMERENM S, BAE-PMEDEE
B emmEE G AT

3.2.2 ZBREAMERUERTHERM. X
1ot B FIA T X w5 A T Sh e Ry 2 vl T
FEFE T A9 J7 B I 2 A B FE 15 KRG
FRIEY. W --SEERSEEE (REHEY
W) Mgl AR rLGES FEREER, BRE
158 40 B — FT SE R IR 2 A o B R — T 2 i o 4 AR
BB ARHARBRHETIAT. £F X
XXY 8 XXX =k, RaGENEEAT
BHTETIESRMEEAFTEY £ E Y6
HEEEpEIR.

3.3 ZERITEEAREZUBEEHARPHEA
3.3.1 XPARHS T 40 BT HE B A1 U0 B 3 2t
EEEEETHYER: Imamoto '™ F 1993 &
T ERACHE T4 89 CSK 23 (cerebrospinal
kinase 2K ) fTHEUBEARHER, FRFER
MHseERERY, BT, MKRAXEEER
HRMEMRE, EX—3BPEEEFEE
B, AR k. X —it B LW E B
K. AHREFER -EEXNE-HARELR
BHEmE, XEEZHTFRTIEFEEULF
gy, EFEITE X SRR TREY
k.

3.3.2 AERTEMTEHREERNARE
BAGO RS . @At fe B2 AT 05 B R RS
EESGMEEEGERE, WEHREMNE
b, 48 8t o 2 B 7E 40 AR B 3R T R Ag 1
Fi. Sands"7ME I EPITHE AR IEMEER
Pssf ik, SR5IEMMATEIERTE. Wi
AR S 7 2 1008 2R ] 9 R AR O ik

3.3.3 EEITEES FEEFTHNA: a.
A ERTENEE —EEX ERAREER
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BHim. EAHTHRERTEF 1 X2
(interferon regulatory factor 1 or 2) i ¥ &
B, fTEPIEEERR, SHIBTHENR
H, FBEHEARETRHDY; b AEH
FTRHNEEZNE - SeEie. §AHER
TR ARBIRT CD43 HE), ZREFT T
T ECL 208 B A o B A

3.3.4 EFITEE AT TEREEEXHHF
7. AAREETTESARE DNA HEZERX o
F. T HREQREZEXHINEE.

3.3.5 REEITEIARIN —LEEMERP K
SRHLEEFEATHFIT.  an.Co I8 B A BF 3 120
3.3.6 HMWAH. HAEFITEMFEERE
MEM DNAWFEEA, H—YIEHRE
g R HERTREEARH#THE. WEA
W, BEEMEFENFEMTERT S, EERT
HEFRHRZ M.

4 BIRERE

EFTEBEAL 80 FAFHRRE KK
XM TFEMFRHEAR. ERAGMUER. 1T
¥eja B ey E F B €K DNA 12 5@ 3 1% 09 4%
M. ER PRGOS £ R Y R
T X IR B TT R 7E 2 Rl PR IR B 5 ST

EREXFEEAFRAERFM FHITR.
ARMENTERAREAEL S TEYFE T E
H—AERRE, TEEITESARNRREL
BPM B —EAKK. EETEEREANE
ARER EME B C i X BCEE Y HRIEY)
R, HEEE#RePRERERE. —i&
HRNEMARME TR o FHLEIE E#L )
EARABURE. AITERAEEREELES
BHT AR FF. AMNTEMAX—-HAR
R DS BB AE TR HIA YT FAE . AT v sl
E—HAREZ FR MR —ERRH O T
&1 .
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Gene Targeting and Its Application. Wang
Xiangdong, Tong Tanjun ( Department of
Biochemistry and Molecular Biology, Beijing
Medical University, Beijing 100083, China).
Abstract
recombination between sequences both from
DNA to

accomplish site-modification in a certain gene on

In living cells, exploiting homologous

genomic DNA and extracellular
chromosome, is a method called gene targeting.
Although the molecular mechanism of DNA
homologous recombination is far from being elu-
cidated, it is a common biological phenomenon.
It is true that in cells there is an enzyme system
that plays the role to make recombination of
homologous DNAs, which is the theoretical
foundation of gene targeting. The technology of
gene targeting has been fully developed. The key

step for operation is to construct a recombinant
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carrier including one or two genes for selection
and to transfer it into the nucleus effectively.
The targeted cells can be inherited stably. Gene
targeting has promising prospects in production

of new strains of living things, in clinical usage

WNEESRFENREMN R

and in theoretical research of some complicated
biological phenomena such as the molecular
mechanism of development.

Key words gene targeting, gene knocking out,

homologous recombination

BXF LBRE A T
(R KHF LGS0, KL 430072)

WE FEORSEOROMLAEAREVERAGEEN, &2, S0, H5E8. RESEGEDS
LLEfTH R ER. DERNTERERGEMM NG ZAETUAKARIEARSEQRMHEEE
H, HEMNARIRAXCNEGRALFEANRDEAR, EERRARTIEARNER, L£5A
ENECRATAERANCBAERAE, LHEORKARES. WREREEHY YA S

HAFEERKLHME.

x®if HERHET, BEORSEARMEEAEM, NEEEK BEORBRME, AYiit

EORSEOHEMHEEERARILEFREN
HmESNEUHTTHRE. EEYERMETN
BEH, ARMFH. ARARAESREFEH
Mz P DNA-EHRESM EWAER. 4
FEAMGEAMEHBERMENEE. FRW
FARFZERFARNEHESIEREREEN
e, ENE—ENXEN, EEMENE
WEERF. AR R YR SRR
RHWE, MEH. WEHF. GHHADEE
T AL Y I EE R . 405 40
ZEURHBRAEE B EFEUEKBRTEARZ
[E A EE AR USETT. Bk, ME—4EH
HEPFRICHEL R EERMELROHR
AIUEFEERE R —EmdR. EHTEA
EEIMAHEE ARy ey, EFRAE
KA/, MEAKBTHBENFE, EARSE
HEMHEFAMHRHEREE. RirMEHN
HE R (two-hybrid system) AFRELQK
] A B R AR AR T S B ik

1 WHRESRENIRIE

REMEZEYHFEF, W GAL4,
GCN4. GALS0 ¥#HAF WA LM, DNA
a1, (DNA-binding domain) F# F 1%
(transcription-activating domain). DNA & &
ATLLR%) DNA L9575, R RE0E
BAFRTAW A EE LB HREIEETL
FIFRESHHHMERSHER, BEmA
THEEAMER. EERNMEHEEERNE
W ALIT W, DNA A BMEIRAFERY
DNA 7%, BR¥FEINHERHED LR
ZEEY . BEASMHZEFH DNALAHS
A—PTHEXEFHERBEHEH THR—
R FEPFERET. XR\HZHETHMN
A IRAE G RN T BB LN AT LA 4 B i HL AT
IEZ.

W H KA. 1995-11-27, #E H#. 1996-03-07



