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Preliminary studies indiecated that
cultures of stem callus tissue from
healthy Nicotigna glutinese L. toler-
ated concentrations of glyeine {ami-
0 acetie acid) greater than 3 mg/
liter; the amount generally reeom-
mended (White, P. R., 1932 and 1943
gnd Hildebrandt, A. C. ef ol 1946),

. 8ince radivcactive glycine affords a
means of introdueing tageed earbon
and nitrogen or tritium into metab-
plites of healthy and virus-infected
tissue, it secmed worthwhile to deter-
mine on chemieally defined media
the concentration of glycine for
maximal growth rate of healthy and
Hiseased callus tissue in aseptic cul-
fure. This paper reports the results
of the experiments and compares
some methods of measuring the
growth rate of callus tissue in aseptic
eulture.

MATERIALS AND METHODS

Culture Media. Two basic media
were used: (W) White’s medium
{White, P. R., 1943) modified ac-
®ording to other media (Bonner,
§., 1940, (lautheret, R., 1939, and
Heller, R., 1953) and (H) Hilde-
grandt’s medinm  (Hildehrandt, A.

. et al., 1946) formulated for the
tulture of tobacco tissue. Composi-
“Hon of the two media depicted in Ta-
dle 1 is given, when possible, in
molarity to avoid confusion about

water of ecrystallization in
chemicals,

Tissue Cullures. Cultures of cal-
lus tissue of N. glutinosa were de-
rived from stems of healthy plants
and plants infected with Awmpela-
mus virus {an unidentified virus
originally isolated from Ampelomus
albidus (Nutt.) Britt. 1824 and pre-
sumably a strain of cueumber mosaie
virus or of tobacco ring-spot virus).
Tissue subeunltures were made by
transferring a ““loopful,’’ abont 20
mg of “transferendum,’’ of a typi-
cal eulture into 125 ml serew cap
Erlenmeyer flasks containing 40 ml
of 0.6% agar (W) or (H) medium
(see Table 1). ‘‘Transferendum,’’
plural ““transferenda,”’ {a new term,
coined in eoliaboration with J. L.
Teller, Department of Classics, Uni-
versity of Illinois, meaning the ma-
terial transferred from one contain-
er to another container) is used here-
in to avoid ambiguity of the terms
“‘inoenlum,’ ‘“explant,”’ or ‘‘trans-
plant’ in this particular frame of
reference,

Cleaning of Glassware. Glassware
was cleaned following a procedure
involving four steps:

1. Soaking in aqua regia {3 parts
TICI and 1 part HNO,) at
room temperature for at least
16 hours,

2. Rinsing with tap water to re-
move aqua regia.

B0Ine
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TapLi 1.—Constituents and amounts in the two media. (W) modified White medium
and (H) Hildebrandt et af. medium.

Molarity of medium
S | R
Constituent, {W) White: {H} Hildebrands;
Carbon source:
BUCTOBe . ... 6.0 x 10 6.4x 142
Vitamins ote.
Cysteine HCI. ... ... ... ... .. . ... . ... .. 6.3 x 10—
Thiawine HCIL. ..., ... . .. . . ... ... . 3.0 167
Nicotimie acid. . ... .. ... ... . . . . . .. .. .. 4.0x 10°%
Pyridoxine TWC1. .. ... ... . . 4.9 x10°7
Minerals:
ALCLa. oo o 4. 8x 107
CalNOsdeo oo F.2x 103 2.5x103
CuB04. .. ... 1.2x 1077
FealCaHaOa)s. ... oo 2.6x 10° 6.1x 108
HBOs. o 2.4 x Hy— 5.0x 107¢
KCl. .. 9.0x 1074 9.0x 10
RI 4.5x 10 1.8x 103
KNO. o §.0x 10 8.0x 1074
MgBOs. oo 3.0 x 108 7.4x 10
MneSOs. . oo 3.0x 1473 3.0=x 10—
NaBHoPOo. ..o 1.4 x10- 2.7 x 10
NaoSOg. oo 1.4x 1073 5.6 x 102
InSOu. ..o 9.4 x 10 20x 1078
Other:
Coconutmilk., . ... . . ... . ... .. ... {1593 {1557
Apar. ..o 0. 6%} (0.69)
Water® to final volume. . ... ... ... ... ... .. .. {1,000 m1} {1,000 ml)
H-ion concentration.......... ... ... ... .. (pI15.6-5.8) {pH5.6-5.8)
Total molarity, medium (x 10—, .. ..., ... ... .. 67.57880 70.944
Total molarity, vitaming (x 1078, . ... . .. .. ..., 6.827
Total molarity, minerals (x 1073, ... ... ... ... ... 7.51052 10.944

2 Water, diatilled and deionized.

3. Boiling in a solution of de
tergent in distilled water.
Ringing with distilled water
then with distilled-deionized
water and drying in an in-
verted position,

Growth Bote Measurements, The
growth was estimated by three types
of measurements: wet weight, vol-

£

ume, and total nitrogen. Wet weight
of callus tissne was determined by
weighing the cnltures separately in
closed welghing bottles. Volume of
the cultures was ascertained by
measuring the volume of lignid dis-
placed when the calture was snb-
merged in a reservoir of flnid (25%
aqueous ethanol) contained in a mi-
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TaprLe 2—Efifect of coneentration of glycine om growth as measured by wet
welght of healthy and Ameplamus-virus-infected culiures of Nicotiane glutinese

ealluy tissue in two basic media: (W) and (H).
{W) Medium {H) Medium
Healthy Diseasged Mealthy Discased
Glyeine, molarity tissue tissue tissue tissue

BO004. . ... 1. 438 (100%) }.000 2 827 (65) 1.116{71)
DO0L. .. 2, 383(4) ¢.000 2.331(3) 0. 977(3%8)
04 2.073(100) 0.000 2, 376(37) 0. 91739
1 0.074(40) 0.000 0.0660(39) 0.751(25)
046. . ... .. 1. 015(82) 0.000 0.061(18) 0.352(71)

g Mean wel weight in grams of four cultures incubated for 35 days at 26° O in one experiment.

b Qoefficient of variability of the mean, percentage.

erovolumeter to be deseribed in a
forthcoming paper. Total nitrogen
in & culture was determined spee-
trophotometrically at 450mp by the
Hoffman and Osgood modifieation of
the microK jeldahl method {Hoff-
man, W. 8, and B. Osgood, 1940)}.
A standard nifrogen curve was con-
structed from nitrogen determina-
tions made on solutions of ammonium
aulfate containing 0.025, 0.015, and
00075 mg N/ml.

Virus Assay. Ampelamus virus
Wwas assayed om primary leaves of
Vigna sinensis Endl., Table Cowpea,
California Blackeye, by mechanical
fnoculation with extract containing
7% abrasive powder (800 mesh sili-
eon carbide).

ExpErIMENTS AND RESULTS

To determine the concentration of
dlycine necessary for maximal
growth of healthy and of virus-in-
fected N, gluiinosa callus tissue in
aseptic culture, transferendum of the

two types of fissnes were introdueed
into flagks eontaining (W) mediam
and (H) medinm, respeetively, Con-
centration of glycine in the culture
flasks varied from 4 x 10™M to 4.6
x 1072 molarity. The subcenltures
were incubated for 35 days at 26 =
1° C and 60 = 2% relative humidi-
ty. Four subcultures were used for
each test,

The results given in Tahle 2 and
Figure 1 indicatc that healthy and
virus-infected tissue differed in their
response to the concentratton of gly-
eine contained in the two media.
Growth rates of the healthy tissne on
the two media were similar at all
concentrations of glyeine exeept 4 x
10°M. 'The signifieance of this dif-
ference is doubtful. Growth was re-
tarded at 4 and 4.6 x 102M glyeine.
One of the four cultures of healthy
tissue on {W) medium containing
4.6 x 10°M glyecine grew at an “‘ex-
plogive’’ rate of four times the mean
growth rate indicated in Table 2
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Fig. 1.—Effect of concentration of glycine (absclasa) as measured by wet
weight of healthy and Ampelamus-virus-infzeted cultures of Nicodiang gindinosa
calius tigsue on two media for 3b days at 26° . Symbels: (H), Hildebrandt
mediuvm; (W), White medium; -H, healthy fissue; -D, diseased tissue. (Data from
tahle 2).
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Fie. 2—Effect of concentration of glyeine on the volume in ml of healthy and
Ampelamus-virug-infeeted cultures of Nicotiana glitinosg callus tissne on twa media
for 35 days at 26° C. Symbols: (H), Hildebrandi medinm; (W), White medium;
-H, healthy iissue; -D, dizeased tissue. Coefficient of variability of means: from 6
to 73 for (H)-H, from 14 to 127 for {W)-H, from 18 to 100 for (H}-D.
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Fie. 3.—Rffect of coneentration of glycine on ratio of wet weight in grams to
the volume iu m! of healthy and Ampelamusvirus-infected cultures of Nicotiang

tmtmosa callus tisgule on two media for 35 days at 26° €. Symbols:

(H), Hilde-

randt medinm; {W), Wkite medinm; -H, healthy tissue; -D, diseased tissie.

and Figure 1. Diseased tissue on
the (W) medium made little or no
growth at any eoncentration of gly-
eine tested. Diseased tissue on the
(H) medium grew at all concentra-
tions of glycine, but the rate of
growth was slower than that of
healthy tissue at all coneentrations
of glycine cxcept 4 and 4.2 x 10°M,

The results in Figure 2 on growth
rate measurcd by volume are nof in
close agreement with the results
from measurements by wet weight.
According to volumetric measure-
ments, 4 x 1070 glycine is optimal
for healthy tissue ou either (W)
medium or (IF) medium. The vol-
nme of growth of diseased tissuye on
(H) medium was not greatly in-
fluenced by the concentration of gly-
eine except at 4.6 x 102 molarity

which retarded growth strongly. The
diseased tissne on the (W) medium
was teo small for reliable measure-
ments by volume,

The density of the cultures at
varjed concentrations of glycine was
estimated by calenlating the ratio of
tissne wet weight in grams io tissue
volume In milliliters. Thesge ratios
pletted in Figure 3 indicate that the
density of healthy tissue on (H)
medivm correlated inversely with
the concentration of glyeine. The
density of healthy tissue on the (W)
medinm and also of the diseased tis-
sue on (II) medium was greatest at
4 x 107} glycine. Density of growth
at 4.6 x 10=M glveine is not signifi-
cant sinee the amount of growth was
too small for reliable measurements
by either wet weight or by volume.
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Fig. 4—Eifect of concentration of glycine on total nitrogern of healthy and
Ampelamus-virus-infected cultures of Nicotiana ghifinosa callus tissue on two media

for 35 days at 26° C. Symbols;

(H}, Hildebrandt medium; (W), White medium;
-H, healthy tissue; -D, diseased tissue. Coefficient of variability of means:

from 2

to 88 for (H)-H, from 16 to 148 for (W)-H, from 18 to 100 for (H)-D,

The magnitude of growth of
healthy and diseased tissue on the
various media was estimated by de-
termining the amount of fotal nitro-
gen in the varieus cultures. Pro-
tein nitrogen was not determined
since some cultures were too small
even for recliable determination of
total nitrogen. Total nilrogen per
wet weight of eulture as shown in
Figure 4 is not in agreement with
the results obtained by wet weight
measurements. According to nitro-
gen analyses, maximal growth of
healthy tissue oceurred at 4 x {10
and 107)M glycine in the (H) medi-

um and at 4 x 10M glyeine in the
(W) medium. The growth eurve of
diseased tissue on (H) medium was
somewhat similar to the growth
eurves determined by volume and
wet weight.

Diseased eultures at the comple-
tion of the experiments contained in-
fective virus. The amount of virus
in the wvarious cultures was not
assessed.

Discussion anp CoNCLUSIONS

The data indicate that healthy tis-
sue and Ampelamus-virus-infected
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tissue of N. glutinose differ in nn-
tritional requirements.

The similarity of growth rates of
tealthy tissue on the two media sug-
gests that the nutritional require-
ments of the healthy tissue was sup-
plied equally well by both media.
The (W) medium econtained four
vitaming, CuS0, and Al{L, not in-
sluded in the (H) medium, there-
fore it appears that these particular
gubstances had little or no effect on
the growth rate of healthy tissune.
Even though the concentration of
micronutrients common to the two
media differed by 0.0034 total mo-
larity, this difference likewise had
liftle or no influence on the growth
rate of healthy tissue.

The dissimilarity of growth rates
of virus infeeted tissme on the two
media indicate that the nutritional
requirements of the diseased tissue
differs markedly from that of healthy
fissne. Although the growth of dis-
eased tissue on the () medium was
not as great as that of the healthy
tissue on this medium, the nutrition-
al requirements of diseased tissue is
partiaglly supplied by the constitu-
ents of the (H) medium. The in-
ability of the diseased tissue to grow
om (W) medinm was not due io
lack of essential nutrients hecause it
eontained all the nutrients that were
present in the (I1) medium. The
defectiveness of the (W) medium
for discased tissue, therefore, must
bave been due to (a) one or more of
the vitaming, CuS0,, or AlCl, re-
tarding growth, (b} imbealance of
nutrients, or {¢) a deficiency in total
eoncentration of nutrients in the
medinm,

According to the results of these
tests, the concentration of glycine in

the two media ean be increased from
4 x 10°M (3 mg/l, the amount in
eaeh original medium} to 4 x 107°M
without retarding the growth rate
of healthy tissue. Even a greater
coneentration of glveine (4 x 102M
or 3 g/L) in the (H) medium is
tolerated by diseased tissue. Thus,
radicactive glycine at a wide range
of concentration may he incorporated
into the (H) medinm for tracer
studies on healthy callus tissne or
tissue infected with Ampelamus
virus.

The data do not suggest a reason
for the ““explosive’’ growth of one
culture of healthy tissue in the (W)
medium containing 46 =x 107°M
glycine,

Growth rates of cultures deter-
minad by wet weight seem reliable.
Volume measurements which seem
reasonahly vreliable have promise
since the estimate ean be made
quickly without destroying the sam-
ple for other use. Total nitrogen
assessments of growth are unreliable
and difficutt {0 obtain especially on
small samples of tissmes. Density
of the tissue cultures appears to be
reliable and may be useful in de-
tecting characteristies of cultures
that are not ascertainable by wet
weight or by volume singly.

Studies are being econducted to
asecertain the influence of ionie
strength of the (H) medium on the
growth of healthy and virus-infected
tissues in aseptie culture.

The data support the following
conelusions: (a) healthy and Am-
pelamus-virus-infected tissue of N.
glutinese differ in their tolerance
and response to concentrations of
glyeine, (b} the virus-infeeted and
healthy tissne differ in their nu-
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tritional reguirements, and (¢) the
failure of the virus-infected tissue
to grow on the (W) medium was
not due to Jack of nutrients. 'The
datz suggest that the concentration
of glycine in the medium influences
the density of growth of healthy and
of virus-infected tissue.

SUMMARY

The effect of glyeine on the growih
rate of healthy and virus-infeeted
tissue was determined for two media:
(W)} medinm, a modification of
‘White’s formulation and (H) medi-
um devcloped by Hildebrandt et al.
for healthy tobacco tissue. The (W)
medinm contained all the constitu-
ents of the (H) medium plus four
vitamins, CuS0,, and AICl, The
two media differed by 3.46511 x 107
total melarity (70.044 x 10°M (H)
medium 67.5788% x 10°M (W) me-
dinm), Coneentration of glyeine
varied from 4 x 10°M o 4.6 x 1072,
Each test ineluded four enlinres.
Growth rates of healthy tissue on the
two media were similar at glycine
eoncentrations from 4 x 107°M to 4
x 1073M; plycine at 4 and 46 x
10°M retarded growth. One ecubiure
at 46 x 10°M glycine in the (W)
medium grew at an ““‘explosive’’ rate.
Digeaged tissue failed to grow on
the (W) medium. On the {(H)
medium, the diseased tissues grew at
a moderate rate at glyeine concentra-
tions from 4 x 107 to 4 x 1072, but at
4.6 x 10°M glyeine, growth was re-

tarded. Mcasurement of growth
rates by wet weight was reliable, rea-
sonably reliable by volume, and wi-
reliable by total nitrogen., Densiiy
of eultures calewlated as the ratio
of wet weight in grams fo volume in
m} is reascnably reliable.
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