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Abstract 

Nicotinic acid, pyridoxine, and picloram were stable in a liquid MS culture medium (pH 5.5-5.6) during 
autoclaving and during cell-free incubation in the dark at 5°C or 25°C for up to 6 weeks. Thiamine loss under 
the same conditions was 16% at 5°C and 18% at 25°C. Five percent of the sucrose in the liquid medium was 
hydrolyzed during autoclaving. During cell-free incubation in the light (100 #E m 2 s ~) at 25°C, pyridoxine 
was not detected after 6 days, while 78% of the picloram and 56% of the thiamine were degraded after 6 
weeks. All of the niacin and pyridoxine, 13 % of the picloram and 42% of the thiamine in a liquid MS culture 
medium were utilized in 4 days by potato (cv. Lemhi Russet) tuber suspension cultures growing in the dark 
at 25°C. 

Abbreviations: B5-Gamborg et al. medium (1968), 2,4-D 2,4-dichlorophenoxyacetic acid, IAA-indoleacetic 
acid, MS-Murashige & Skoog (1962), NAA-naphthaleneacetic acid, PAA-phenylacetic acid 

Introduction 

Plant tissue culture media contain a variety of 
organic constituents whose concentrations are 
varied depending on the tissue being cultured 
(George et al. 1987). While the formulations of 
these media have been studied extensively, little 
research has been done to assess the changes in 
media during preparation, storage and incubation 
with cells (Dunlap et al. 1986). 

The stability of auxins in cell-free liquid media 
has been studied to a limited extent. Yamakawa et 
al. (1979) found that IAA and 2,4-D in MS salts 
with sucrose were not decomposed by autoclaving, 
shaking, and oxygenation in the dark. However, 
upon exposure to light IAA decomposed, while 
2,4-D was unaffected (Yamakawa et al. 1979). 
Similarly, Dunlap et al. (1986) observed that NAA 
and 2,4-D levels remained constant in media con- 
taining 0-100% MS salts stored in the dark at 30°C 
for up to 35 days. Contrary to the results of 

Yamakawa et al. (1979), IAA levels decreased as 
MS salt concentrations increased (Dunlap et al. 
1986). In further experiments, IAA loss was found 
to be accelerated by media pH levels below 7, in the 
presence of iron and nitrates, and in light (Dunlap 
& Robacker 1988). PAA in MS and B5 media was 
stable to autoclaving and storage in the dark at 5°C 
for up to 28 days, however, PAA levels dropped by 
up to 15% in the MS medium after 28 days at room 
temperature (Leuba et al. 1989). 

Picloram is a potent auxin useful for the in- 
itiation and maintenance of callus and suspension 
cultures from certain plant tissues (Kefford & Caso 
1966; Huang & Chi 1988; Hagen et al. 1990). While 
the stability of some auxins during cell-free incuba- 
tion has been investigated, there have been no sim- 
ilar tests with picloram. In addition, there are no 
reports on the stability of other organic media 
components (e.g., vitamins, sucrose) during cell- 
free incubation, or on the utilization of these com- 
ponents by growing cells. 
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As part of a comparative study of potato tuber 
carbohydrate metabolism, we have used callus de- 
rived from tubers of several cultivars for use as a 
model system (Muneta et al. 1990; Hagen et al. 
1991). Experiments were conducted to measure the 
stability and utilization of picloram, vitamins, and 
sucrose in the tissue culture medium used for callus 
subculture. The concentrations of these com- 
ponents were measured in medium exposed to 
various incubation regimes in the presence and 
absence of growing cells. 

Materials and methods 

The liquid medium used for these experiments con- 
tained the MS (Murashige & Skoog 1962) in- 
organic salts and inositol, the B5 vitamin mixture 
of Gamborg et al. (1968), 3% (w/v) sucrose, and 
10pM picloram (4-amino-3,5,6-trichloropicolinic 
acid). For each experiment, 50 ml of medium was 
dispensed into 250 ml Erlenmeyer flasks (Pyrex No. 
4442). After autoclaving at 1.1 kgcm -2 for 15 min, 
the pH of the medium was 5.5-5.6. 

The culture medium was tested for changes in 
nicotinic acid, pyridoxine, thiamine, picloram, and 
sugar concentrations after various incubation 
treatments, in the absence and presence of potato 
(cv. Lemhi Russet) tuber suspension cultures 
(0.5 ml subculture volume). For each experiment, 
cell-free medium was analyzed before and after 
autoclaving. For the cell-free experiments, flasks 
containing medium were incubated in the dark at 
5°C or 25°C, or at 25°C under fluorescent lights 
(100ktE m 2 sec-~) on a 16h light/8h dark 
photoperiod. Flasks for the suspension culture 
experiments were incubated in the dark at 25°C on 
a gyratory shaker (125rpm). Controls without 
cells, including an additional 0.5 ml of HPLC grade 
water, were incubated under the same conditions. 
Potato tuber suspension cultures were initiated 
from callus and subcultured as previously de- 
scribed (Hagen et al. 1990). 

Nicotinic acid, pyridoxine, thiamine and pi- 
cloram were determined by HPLC. Aliquots of 
cell-free medium were analyzed after correction of 
volume loss by addition of HPLC grade water. The 
medium containing cells was filtered by vacuum 
through a scintered glass funnel (Pyrex No. 36060), 
and volume loss was corrected by adding HPLC 

grade water. The eluant consisted of 800 ml of an 
aqueous phase (10 ml per liter HPLC grade glacial 
acetic acid, 1 g per liter each of anhydrous 1-pen- 
tane and 1-hexane sulfonic acid sodium salts) 
mixed with 200 ml of HPLC grade methanol. Fil- 
tered (Gelman nylon Acrodiscs, 0.2/tm) aliquots 
were applied with an autoinjector (Waters 712B), 
and eluted isocratically (Waters M6000A) at 1.5 ml 
min -~ through a Waters micro-Bondapack C18 
10 #m particle size RCM 8 x 10 column. The ana- 
lytes were detected spectrophotometrically (Waters 
M440) (280nm, 0.05 AUFS for pyridoxine; 
254nm, 0.05 AUFS for the other vitamins and 
picloram). Peak purities were determined by com- 
paring the ratio of absorbances at 254 and 280 nm 
for pure calibration standards to corresponding 
peaks in the sample chromatograms. A com- 
puterized data station (Waters Maxima 820) was 
used to quantify the data. Reducing and non- 
reducing sugars were determined colorimetrically 
with the Folin-Wu procedure (AOAC 1975). For 
dry weight determination, cells from each flask 
were dried to a constant weight in a vacuum oven 
at 60°C. 

Results and discussion 

The results of the cell-free medium experiment are 
summarized in Table 1. Autoclaving did not lower 
the vitamin or picloram content. Pyridoxine and 
picloram levels did not change after incubation in 
the dark for up to 6 weeks at 5°C or 25°C. Thia- 
mine levels were significantly lower than pre-auto- 
claving levels after 4 and 6 weeks in the dark at 5°C 
and 25°C. The nicotinic acid concentration was not 
altered by any treatment through the 2 week sam- 
pling period. Quantitation of nicotinic acid in the 4 
and 6 week samples was not possible due to the 
presence of co-eluting compounds during the 
HPLC analysis. Pyridoxine and picloram were ra- 
pidly destroyed when the medium was illuminated 
(100/~E m -2 sec ~). Pyridoxine was completely 
destroyed after 1 week in the light at 25°C, and 
nearly 80% of the picloram was destroyed by the 
end of the experiment. In a limited follow-up ex- 
periment, pyridoxine was not detected after 6 days 
in the same incubation conditions. Thiamine con- 
centrations were significantly lower in the light vs. 
dark treatments after 4 weeks. This experiment was 
repeated with comparable results. 
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Table 1. Percentage  of  v i tamins  and  p ic lo ram remain ing  in a cell-free l iquid cul ture  med ium after  au toc lav ing  and var ious  incuba t ion  

t reatments .  

Trea tment  Nicot in ic  acid Pyr idoxine  P ic loram Th iamine  

Pre au toc lave  100.0 ~ 100.0" 100.0" 100.0" 
Post  au toc lave  100.4 ~ 99.4 ~ 102.5 ~ 91,8 ab 

5°C Dark ,  2 wk 110.6 ~ 96.4 a 101.3 ~ 90.6 ab 

5°C Dark ,  4 wk N A  ~ 95.8 ~ 94.& b 87.65 

5°C Dark ,  6 wk N A  94.2" 94.0 ~u 84.35 

25°C Dark ,  2 wk 111.7 ~ 93.0 ~ 99.2" 91.0 ab 

25°C Dark ,  4 wk N A  96.8 a 94.4 ~5 83.55 

25°C Dark ,  6 wk N A  93.2 ~ 98.7 ~ 81.85 
25°C Light,  1 wk 103.6 ¢ 0.0 b 78.2 b~ 87.4 b 

25°C Light,  2 wk 113.9 ~b¢ 0.0 b 64.3 ~ 82.25 
25°C Light,  4 wk N A  0.0 b 39.9 d 54.6 c 

25°C Light ,  6 wk N A  0.0 b 21.7 e 44.3 ~ 

Nicot in ic  acid quan t i t a t i on  was  not  possible  in some cases due to interferences in the ch roma tog raph i c  separa t ion .  

Means  in the same co lumn  fol lowed by the same letter are not  s ignif icantly different (P  < 0.05; Leas t  Significant  Difference test). There 

were three samples  per  t rea tment .  

Table 2. Percentage  of  v i t amins  and  p ic lo ram remain ing  in a l iquid  cul ture  med ium after  au toc lav ing  and  incuba t ion  for 4, 6, or 8 days  

in the d a r k  at  25°C on a gyra to ry  shaker  (125 rpm). 

T rea tmen t  Nicot in ic  acid Pyr idoxine  P ic loram Th iamine  

Pre au toc lave  100.0 a 100.0 b 100.0 ab 100.0 a 

Post  autoclave  97.9 a 98.25 102.9 a 102.0 a 

4d ,  no cells 101.7 a 105.5 ~ 102.9 a 104.6" 

6 d, no cells 99.0" 106.4 a 96.0 a5 97.5 a 

8 d, no cells 99.4" 101.65 96.8 a5 99.0 ~ 
4d ,  cells I (0.08) 2 0.05 0.0 c 87.2 b~ 57.75 

6 d, cells (0.24) 0.05 0.0 c 76.8 ~ 0.0 ~ 

8 d, cells (0.44) 0.05 0.0 ~ 60.3 ~ 0.0 ~ 

Po t a to  tuber  suspens ion  cul tures  f rom cv. Lemhi  Russet .  

2 Final  mean  dry  weight  (g) of  cells (initial subcul ture  dry  weight  was 0.04g).  

Means  in the same co lumn fol lowed by the same letter are not  s ignif icant ly different (P  < 0.05; Least  Significant  Difference test). There  

were three samples  per  t rea tment .  

Table 3. Reducing,  non-reducing,  and  to ta l  sugar  content  ( m g m l  J med ium)  in a l iquid cul ture  med ium after  au toc lav ing  and 

incuba t ion  for 4, 6, or 8 days  in the d a r k  at  25°C on a gyra to ry  shaker  (125 rpm). 

T rea tmen t  Reduc ing  Non-Reduc ing  Tota l  

Pre au toc lave  0.00 J 33.06 ~' 33.06 a 

Pos t  au toc lave  1.65 ~d 31.45 a 33.10 a 

4d ,  no cells 1.65 ~J 31.50 a 33.15 ~ 

6d ,  no cells 1.65 ~d 31.79 a 33.44 ~ 

8 d, no cells 1.63 cd 31.73 a 33.37 ~ 
4d ,  cells L (0.08) 2 2.87 c 17.56 b 20.43 b 

6d ,  cells (0.24) 9.868 12.40 b 22.26 b 

8 d, cells (0.44) 14.22 ~ 5.38 ~ 19.60 b 

Po ta to  tuber  suspens ion  cul tures  f rom cv. Lemhi  Russet .  

2 F ina l  m e a n  dry  weight  (g) o f  cells ( ini t ial  subcul ture  dry weight  was 0.04g).  
Means  in the same co lumn  fol lowed by the same letter are not  s ignif icant ly different (P  < 0.05; Leas t  Significant  Difference test). There 
were three samples  per  t rea tment .  
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The utilization of vitamins and picloram by ac- 
tively growing cells is shown in Table 2. Over the 8 
day period the cells increased about 10-fold in dry 
weight. There were no significant losses of vitamins 
or picloram in the control (cell free) treatments. 
However, there were dramatic losses of vitamins 
and picloram when cells were present. Nicotinic 
acid and pyridoxine were completely removed from 
the medium in 4 days, while about 40% of the 
picloram was utilized in 8 days, and all of the 
thiamine was utilized in 6 days. 

Table 3 summarizes the changes in reducing (glu- 
cose and fructose) and non-reducing (sucrose) 
sugars in the suspension culture experiment. Auto- 
claving hydrolyzed 5% of the sucrose into glucose 
and fructose. There were no other changes detected 
in the control treatments. The actively growing 
callus hydrolyzed some of the sucrose, and some 
was utilized for growth. This experiment was re- 
peated with comparable results. 

It is clear from the results that illumination des- 
troyed pyridoxine in the MS medium very rapidly, 
and thiamine at a slower rate. Picloram was also 
susceptible to breakdown in light, as are several 
other auxins commonly used in media (Yamakawa 
et al. 1979, Dunlap et al. 1986; Dunlap & Robacker 
1988; Leuba et al. 1989). The results also showed 
that nicotinic acid, pyridoxine, picloram, and thia- 
mine are rapidly utilized by growing cells. The 
utilization of organic components in liquid and 
solid media by cells during incubation, and non- 
biological losses during preparation and storage 
need to be studied further in order to optimize 
media composition for cell culture. 
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