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Production of therapeutic proteins by transgenic plant cell suspension cultures is an attractive system alternative to the other
expression system. However, plant cell cultures have shown low expression level of foreign proteins and decreased cell
viability by the changes of culture conditions. Therefore, it is necessary to enhance cell viability during the culture period. In
this study, a quantitative analysis technique was designed to measure relative cell viability for plant suspension cells which
have cell wall and aggregates. It was found that the programmed cell death of plant cells by apoptosis was essentially
linked with the apoptotic pathway of animal cells. Therefore, effects of nicotinamide, 3-aminobenzamide and antioxidants on
cell viability and apoptosis were examined in transgenic Nicotiana tabacum cells producing hGM-CSF. With those additives,
cell viability could be maintained and apoptosis could be redued. In the result, the extracellular production of hGM-CSF
could be enhanced 2.5 fold. It was also found that the supplementation of glutathione and ascorbic acid suppressed both
the cold stress-induced decrease in cell viability and the increase of total genomic DNA fragmentation.
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(3-AB)9] H7MA Highpdo) ofs) =8 apoptosis7t £
g ®yE ul JqTi6). 3, Reactive oxygen species
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gk A EA oA} programmed cell death (PCD)7} GAAH X
T veds 29 & I 22 FoA FAHUL,
2] 7}A] PCD FEsiAlEe F3l AXZujekoAe PCD
F7} 7F5EA BhAEk15). B dAFeAe AE dY AR
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olzt2 «elzl camptothecin(16)-& A zlallA F8t &nF
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elste] DNA A#Hs}l ddo] VebdE d1e3irkFig 2).
A2 Feba x| -2 apoptosis AEES BQlEy] Hste] ol
u] SE M ZoA apoptosis 7|AS] FHIEE e Aow
427l caspase-39] AF BA& FYSHT A AHEAE
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caspase-3 inhibitorel] 2J3] 1 FEL-o] ||l BHIITh
(18). Caspase-3 A% #4415 93t Ho|do = whg-ste 3
#g ue §4 714 (Ac-DEVD-AMC)9| ¢ 74
SR THI3). Cold stressE 7HgS A], tZTd Hls}H
caspase-3 &AL Vel AL, caspase-3 inhibitorE 7§7]—§H% A,
lzFol Blsted R caspase-3 EAS epl AthFg. 3).
o]# 3} cysteine protease® 4T caspaseE B3 apoptosis
ATE FEAEY HEAZUYANE EE ZFAEQ0)
AT AFET JOom, cysteine protease inhibitorE W]z o]l
A7}sl] proteolytic activity $18HE #2S vl JTH20).
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Figure 1. Micrographs of (a) normal cells, (b) dying cells by heat
shock for 4 hr and (¢) dying cells by camptothecin.
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Figure 2. DNA fragmentation during heat shock or camptothecin-induced
apoptosis in  Nicotiana tabacum cells. Lanes 1-3, DNA from cells
cultured for 5, 7 and 9 days; lanes 4 and 5, DNAs from cells with
recovery time for 20 hours after exposed to 44°C for 4 hours at 4 day;
lane 6, DNAs from cells with time for 24 hours after treated
camptothecin(S ¢ M) at 4 day.
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Figure 3. Caspase-3 unit of apoptotic cells by cold stress (4°C for 5
days). Blank, Tris buffer + reaction buffer + substrate; positive, not
treated control cell lysates + buffer + substrate; negateve, apoptosis
induced cell lysates + buffer + inhibitor + substrate; cold stress,
apoptosis induced cell lysates + buffer + substrate.

Heat shock®} camptothecin A2]A] NICe} 3-AB9] 51}

o 44 A F2 apoptosis FEUAEA  heat shock
(44°C, 120 rpm, 4 hr)9} camptothecin® &g 739, DNA
HuIE #2Y 4 AAUHFig. 4, lanes 4~6). Heat shockS
7Vet7] 308 Ao NIC 3-ABE FAYHPLS 7%+, DNAY
AA3E AAE ¢ UATHEFig. 4, lanes 8~12). =T
camptothecin-- protease inhibitor cocktail®l $HA| X A
%, DNA ZHIE thd IAG 4 UAd(Fig. 4, lane 7).
Camptothecing A2 PS =] DCWE 2T H X DCWJ
HlEte] ZQom, of7]d] NICE AX¢e w]e camptothecin
g APPE W] DCWHT F71d DCWE #9F 5 3]
SAthFig. 5a). T3k NICTH 73S vl =T A y
st B2e DCWE 94§ 5 UUckFig. 5a). A¥ A&
apoptosis 8212121 camptothecing X @S A%, 394 £

FA3 Aastgom o7l NICE AN A5

camptothecin A2 & 24417 E¢b okzko] A|E /‘3-71‘:—% FAg~

g Efoy 2 3EH0 43 AE AEE AT JAA
A 2T AES FARRE AE

AEES FAISTHFig. 5b).
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Figure 4. Inhibition of DNA fragmentation in cells pretreated with
NIC and 3-AB prior to HS treatment. Lanes 1-3, DNAs from control
cells cultured for 5, 7 and 9 days; lanes 4 and 5, DNAs from
HS-treated (44°C, 120 rpm, 4 hr, 20 hr recovery) cells at 4 days;
lane 6, DNAs from camptothecin (5 x M)-treated (24 hr recovery)
cells at 4 days; lane 7, DNAs from camptothecin (5 u M)-treated
(24 hr recovery) cells with protease inhibitor cocktail (300 x L) at 4
days; lanes 8-9, 10-11 and 12, DNA from cells pretreated with NIC
(2 mM), 3-AB (4 mM) and NIC (4 mM) respectively prior to HS
(44°C, 120 rpm, 4 hr, 20 hr recovery) at 4 days.
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Figure 5. Effect of NIC on (a) cell growth and (b) cell viability
during the culture.
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Figure 6. Effect of NIC on caspase-3 activity at culture of 2.5 days.
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Figure 7. Effect of NIC on (a) cell growth and (b) the production
of extracellutar hGM-CSF by Nicotiana tabacum.
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olgjgt AEES 4 apoptosisE A3t DNAC| s}
g AAE) fste WA J7HAE NICE A71st A, v
Z7] 27 AxRt o4 5718 DCWE 48 F s,
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T F At Y i STl 2T AEE 3
< DCWE uUehdth PARP #F8o] Qle Aoz d3A
NIC #H7l= Q18] wj%F %7]), DCWe] Z7}9} apoptosisd] %
7] 843 AAE caspase-3 FA ZAES Eslo F§UF 4
AR IL(Fig. 6), 212 A AE P&& Z7/1= hGM-CSF
ArFS Ao ¢ 287k FUAIZtHFg. 7b). MY F7)e
Hol A AEFS gZ27 X9} visgy) fEd AEF
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FEey Aoz Qg 9 whld AxrIzre] AAFig.
7a)& E3) hGM-CSFe] A2t Hu 250704 SojAZHth
(Fig. 7b).
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Figure 8. Effect of antioxidants on (a) cell viability and (b) extracellular
esterase activity in cold stress.
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Figure 9. Effect of antioxidants on (a) cell viability and (b) extracellular
esterase activity
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apoptosisE A CER Hjgx7] hGM-CSFY AAAES
o) 24474 F A THEFig. 10b).

- 3 at 2 day
L 6 T €277 at 4 day
Q
% 5 —T
b T
24 7 %
S s %
Q@
@ 24
<
e
w
S '

0

Control G (1 mM) A (1 mM)

(@)

—0— Control
5 - —=— Glutathione (1 mM)
—a— Ascorbic acid (1 mM)

Extracellular GM-CSFug/L)

[¢] T T T T T T
Time (day)

(b)
Figure 10. Effect of antioxidanis on (a) caspase-3 activity and (b)
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A3H2- post-translational modification, FEF# ulo]gxd)
et bR, A7te] Wi WA, e ZARA, s ALt
Y AdE 7ML YARE o dilde] e wyE, b
FHA Hse] B2 X YELY A T AT BA
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A0 hGM-CSF} AAtA-g Hd) 250704 SAAZL &
7bHo 2 cold stresso] 93 FAS AEAEE 29
apoptosis &7} ascorbic acid®} glutathioneo)] 9J8) AA)P-&
AT 4 itk AFHoz FHAGH FE AEAEY
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