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Abstract-In order to study the effect of light on the tobacco tissue culture WR-132, 5 passages 
(10 days’ growth per passage) of these cells were grown in darkness, and 3 passages were separately 
grown in intense light (16000 lx). All other growth conditions were the same. The resulting isoperoxi- 
dase patterns present in these cells and in their growth media were analyzed at 2-day intervals 
during this period and then compared with the isoperoxidase patterns of cells grown under dim 
light conditions (10 lx). A new cathodic lsoperoxidase (C,) appeared in the medium within 2 days 
after the cells were placed m the dark. C, was present in all media of WR-132 cell cultures analyzed 
throughout the 5 passages grown in darkness. The fifth passage m darkness produced total cessation 
of growth (apparent death). C, increased and new anodlc lsoperoxidases A,, A*, Ad and A, appeared 
in the media as the cells approached death in darkness. 

INTRODUCTION 

McCown and coworkers [l] have reported 
marked differences m the isoperoxidase (“peroxi- 
dase isoenzyme”) patterns of Dianthus callus cul- 
tures grown under 4 combinations of environ- 
ments : dark and light (fluorescent light of 
2000 lx), warm and cold (&So). Of 4 enzymes 
studied, only peroxldases were recovered from the 
medium and they matched ones found m the 
callus and stem, but they were not influenced qua- 
litatively by the growth conditions involving 
changes in temperature and/or light. De Jong et 
al. [Z], on the other hand, found that the major 
lsoperoxldases released into the medium by WR- 
132 tobacco suspension cells varied with culture 
temperature. The latter workers also found little 
correlation between the excreted isoperoxidases 
and the intracellular ones at 13”. They further 
reported that the maJor lsoperoxldase released 
into the medium of the cells grown at 13” had 
a different electrophoretlc mobility from that of 
any of the lsoperoxldases present in the cells at 

that temperature. Parish [3] noted that synthesis 
of all lsoperoxidases was stimulated m light- 
grown coleoptlles of wheat and inhibited m Ilght- 
grown first leaves. Brulfert and Trlppl [4] found 
that the number of isoperoxidases m leaves in- 
creased to a maximum more rapidly m plants un- 
dergoing a long photoperiod than m those under- 
going a short photoperiod. 

The present study was undertaken to learn 
more about the effect of darkness, low and intense 
light on the production of the isoperoxidases of 
WR-132 tobacco suspension cells. 

RESULTS 

Cells grown in darkness 

Growth and color. Fresh weights of 2-day-old 
WR-132 cells grown in darkness (dark cells) were 
found to be slightly higher in the first 4 passages 
than 2-day-old cells grown under the usual low 
intensity light (101x cells). In 4-day cells of each, 
little difference was observed. From day 6-10, 
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Table 1. lsoperoxidascs in the media of dark cells 
_-___- 

Relative intensity of staining” 
______ 

Isoperoxidase 

C,, CJ Cz c‘” (‘2 .A, ‘I,, 4, .I,, :I, A, 

Relative mobility1 

Age passage no. I.0 ONYX 0.73 0.5 0.27 0.75 01 0.5 0.6 I 0,s 1 I .7 

10 day normal H W H t1 
2 day I dark M VW VW VW M 

10 da] I dark VW H u VH 

-l day I1 dark M VW VW & M 
IO clay II dark 

\YW lHb ,;\; 
M C’ H _ 

4 day 111 dark I r VW M VW 

IO day I11 dark VW H W M M VW 
4 day IV dark M VW VW ~- VW 

VW VW ;r 
VW 

2 day V dark H M W ~~ W VW VW 
10 da\ V dark H VH M VW W W W W VW w 

Cells were grown for 10 days m weak light (normal). and then grovn for 5 passages (I ~Vi of 10 
days each in the dark. Cells were harvested at intervals. and the peroxidases in the media wrc separated 
by starch gel electrophoresis. 

* Relative intensities, using .i-amino-Tethyl carbazolc as substrate. arc given as: VH = wry heavy; 
H = heavy: M = moderate: W = weak: VW = very weak: and : not detcctcd. 

-iI Relative mobility of each peroxidase K:IS calculated h\, di\,iding, the dlstancc from the origin 
traveled hq Isopwoxidase C’,, into thr: distance travclcd h-om the or~gm by the isoperoxidase named. 

however. the fresh weights of cells in all 4 pas- 
sages in darkness were less than in 101x cells. 
In each of the first 4 passages. growth of cells 
increased from day 2 to 10. In the 5th passage 
of the dark cells, growth ceased. No further 
growth could be observed when the cells were 
placed under 10 Ix, both with new or old medium. 

Cells grown under 10 lx were bright yellow. 
while the medium was greenish-yellow in color. 
For dark cells. these same colors were observed 
for the first 3 passages. However, beginning with 
the 4th passage in darkness. differences appeared 
in the color both of the cells and of the medium. 
The color of the dark cells changed to brown, 
and the medium turned to light brown after da). 
8 of the 4th passage. During the Sth passage in 
darkness, the cells remained brown. 

Isoilc~rosi~ltrsc~ pc~ttems of’myiia. After the usual 
growth conditions in 101x, the culture medium 
showed only 1 anodic isoperoxidase zone (called 
A,) and 3 cathodics (C,, C,, and C,) (Table 1). 
In the medium in which the dark cells were 
grown, a new cathodic isoperoxidase band, desig- 
nated as C,. appeared in addition to the 3 catho- 
dic bands usually found in the 10 lx cell medium. 
Changes in the amounts of this and other isoper- 

oxidascs with age. as estimated from staining in- 
tensities, are indicated in Table I. The only ano- 
die isoperoxidase (A,) found in the media from 
10 lx cells was also found in media from all pas- 
sages of dark cells. In dark cells for 3 or more 
consecutive passages. additional anodic isoperoxi- 
dases appeared in the medium. A weakly staining 
anodic band. called .-I, . appeared in the 3rd and 
4th passages of dark cells. but did not appear 
in the non-growing 5th passage. Two other weak 
bands A, and A,, could be seen in the 4th passage 
g-day and IO-day media. as \\ell as in media of 
the 5th passage cells. An additional 2 anodic 
bands. A, and ,3,,. appeared in the 5th passage 
media. Their concentration increased with time 
in that final passage. 

Isopc~~~o.~i~~trsc~ prttcw of’ rrtrcrcts qf‘ cells. No 
qualitative differences in the isoperoxidase pattern 
could be found in the extracts of cells of days 
2. 4. 6, 8, or 10; when grown under IO lx, or in 
the extracts of dark cells through 3 passages when 
compared with the extracts of 10 lx cells. Isoper- 
oxidases C,. C,, C, and C, were found in all 
these cell extracts. An additional cathodic band 
(called C,) which appeared between C2 and C, 
was also found in the extracts (Table 2). The new 



Isoperoxldases m tobacco 

Table 2 Isoperoxldases m extracts of dark cells 
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Relative mtenslty of stammg* 

Age-passage no 

10 day normal 
10 day I dark 
10 day II dark 
IO day III dark 
4 day IV dark 
10 day IV dark 
10 day V dark 

C” c-3 

10 088 

- M 
- M 
- M 
- M 

VW M 
M VH 
W VH 

G 

073 

Isoperoxldase 

C, CZ C1 A, A,, A< 

Relative moblhtyt 

05 027 017 025 04 081 

W 
W 
W 
W 
W 
W 
W 

VW VW w 
VW VW w 
VW VW w _ 
VW VW M 
VW VW M VW VW VW 
W VW M M M M 
W W H M M M 

Cells were grown for 10 days m weak hght (normal), and then grown for 5 passages 
(I-V) of 10 days each m the dark Cells were harvested at intervals, and the peroxidases 
of the cell extracts were separated by starch gel electrophoresls 

* Relative mtensltles, using 3-ammo-9-ethyl carbazole as substrate, are given as VH = 
very heavy, H = heavy, M = moderate, W = weak, VW = very weak, and - = not 

detected 
t Relative moblhty of each peroxidase was calculated by dlvldmg the distance from 

the origin traveled by lsoperoxldase C, mto the distance traveled from the origm by 
the lsoperoxidase named 

cathodic band, C,, which had been found m the 
medium, as indicated earlier, could be demon- 
strated m the cell extracts of the 4th and 5th pas- 
sages of the dark cells. Changes m the con- 
centrations of these isoperoxldases with time are 
indicated in Table 2. 

Although no anodics appeared m the dark cell 
extracts from the first 3 passages, three anodlc 
peroxidases, A,, Ab and A,, appeared m the 4th 
and 5th passages (Table 2). These anodlc lsoper- 
oxidases had the same mobllities as the A,, A,, 
and A, found m the medium. 

Cells grown under intense light 

In the media of cells grown under 160001x, the 
isoperoxidase patterns contained the same bands 
Cz, C, and C4 as had been found in control 
(10 lx) media. A cathodic band with the same 
mobility as C, found in the media from dark cells 
could not be found m media from 160001x cells 
until the day 8 of the 2nd passage, and then only 
in traces from that time until day 10 of the 3rd 
passage. Isoperoxldase A,, present m the media 
from all controls and m the media from all dark 
cells, was also present m the media from all 
16000 lx cells. No significant differences could be 
seen in the isoperoxidase patterns of cell extracts 
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from 10 lx cells and from all 3 passages of 
16000 lx cells 

DISCUSSION 

Our findings demonstrate that the amount of 
llluminatlon has a definite influence not only on 
the appearance of certam isoperoxldases both m 
the media and m the cells, but also on the release 
of isoperoxidases into the media by the cells. 
Most striking is the appearance of a new cathodic 
lsoperoxldase C, withm 2 days after cells are 
transferred from 101x to dark. The amount of C, 
m the medium was found to increase substantially 
during the 5th passage m darkness However, C, 
could not be detected m cell extracts of dark cells 
until the 4th day of the 4th passage, but then 
increased slightly and persisted thereafter. A very 
small amount of C, was also found, after the 8th 
day of the 2nd passage, in the media of 160001x 
cells. None, however, was detected m the media 
of the 101x cells. In the 4th and 5th passages, 
3 anodlc lsoperoxidases, A,, A,, and A, appeared 
in the cell extracts of the dark cells. These 3 ano- 
dlc lsoperoxidases had the same mobllities as the 
A,, & and A, found m the media from 4th and 
5th passage cells. 
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The cessation of growth during the 5th passage 
of dark cells indicates that some light is necessary 
for the continued growth of the cells. It appears, 
however. that even a weak light (cn 10 lx) is ade- 
quate to maintain growth over many passages for 
several years. The major, sustained increase in C,, 
and the appearance of A,. A,,, and A,, in the media 
from WR- 132 cell cultures as the cells approached 
death in darkness suggest the need for studying 
a possible relationship of these isoperoxidascs to 
processes taking place as death of the cells 
approaches. 

EYPERIMEN’FAL. 

Growth qf’ fohuc~co culrures. Tobacco tissue WR-132 (Nico- 
tiu~n r~hnc~nz L., var. Xanthi) obtained from Dr. A. c‘. Olson 
of USDA. Albany. Calik)rnia. was grown in suspension on 
the medium of Murashigc and Skoog [5]. IAA u-as rrplaccd 
by 2.4-D and kinctin was omitted. Thcsc cells have beer1 repro- 
ducibly subcultured in this laboratory for several lears. Wet 
cells of stock culture (Zg). used as an inoculum. were trans- 
ferred aseptically to 40 ml medium in :I 135 ml conical llask 
and grown on a reciprocal shaker- (70 rpm). Alicr ;I IO-&t) 

growth period on the hhakcl- at 21’ undei- vvcak (U 101x) 
continuous illumination (10 Ix cells). cell:, sampled for peroxi- 
dase patterns were collected by suction filtration. These cells 
were sampled for peroxidase patterns and part or the 
remainder grown in complete darkness at II 111 a grow 11-r 
chamber. Cells wcrc sampled cvcry 2 days for scccral passages 
(IO-day growth per passage). Other IO Ix cells \\crc also trans- 
ferred to culture under continuous mtensc light (I6000 1x1 with 
all other condition5 being the same as for the tissue grown 
m darkness. Cells wcrc sampled ever! 2 days for 3 passages 
after being changed to I6000 Ix. 


