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A4bstract. Explants of tobacco pith taken at various distances from the apex of a mature

stem show a sharp gradient in growth potential in vitro; growth is highest in the extreme

apical and basal explants, and is minimal in explants removed ca. 75 cm from the apex.

Calluses produced by the vigorously growing basal explants are harder and more oompaot than
those produced from more apical explants. The gradient in growth potential is directly
correlated witth gradients in RNA, protein of cell sap and soluble N per unit fresh weight,
but is inversely oorrelated with peroxidase activity. Cell size increases from apex to base
of plants.

The peroxidase activity of pith explants is electrophoretically resolvable into 2 isoperoxi-
dases, moving anodicalily at pH 9.0. During in vitro culture, this activity rises, due to the
formation of several new isozymes moving toward the cathode. The appearance of these
isozymes occurs most rapidlv in apical and extreme basal explants.

Trobacco pithl tissue has l)een traditionally rie-
goarded as uililforiml in structure and behavior (6, 1.
18). Thus, when explants are removed for tisstue
cultture, no lparticularl precautions are stipulated re-
garding the regioil in the plant froml which the
tissue is taken. The variability noted in the results
of some bioaassav-s based on Ipith has usually been
.attributed to variations in technical p)rocedtures an(l
occasionally to polyploidv aand asynchronous cultuires
(2, 18). However, such explanations cannot be
tiniversallr applied. since variability has been re-
portedinot only for the growth of tissue explants
iti vitro btit also for chenmical analyses of total DNA
and RNA in freshly excised pith (5, 17) made witi
the l)erchlorate method (13). In previous work (9)
it was shown that suchl variability could be signifi-
cantlv reduced if the pith were consistently taken
froml the same site oni the plant. This suggested
that mietaholic gradienits miiight account for- somie of
the cheimical and biological variability. A recenlt
repolrt by Kerstetter aand Keitt on indoleacetic acid
decarboxylatioln (7) supported this notioni. To ex-
p1ore this matter further, we uindertook a study of
sonie chemical properties annd growtlh )otential of
pith tissuie from v\arious sites along the imiatuire
tobacco stem.

Materials and Methods

Plant Material. Greenhouse grown mature to-
bacco plants (Cv. Wisconsin-38) with about 35

'Permanent address: The Volcani Institute of Agri-
cultural Research, P. 0. Box 15, Rehovot, Israel.

leaves w%-ere excised juist before flowering. 11w'e
lalitts wxere defoliated and divided into stemi segimients

12 cm lonig startinig 2(0 cmi belows- the growing poilit
antid enidinig 15 cmii above soil level. The pith of the
upp)er 4 cim of ealch segimienit wN-as extracted by limlens
of a stetrile No. 2 cork-borer ( diam. 5 mm). '1']le
resultiing cores wvere used either for analysis or,
aIfter division inlto 3 mmll lonig pieces by a stanid'trd
ctuttinig tool. for aseptic culture (6). Trhese pieces
were very ulniforim alonlg the plant, in no instance
varyinig by imiore than ; %.

A latoniical clleasuireiiue,,t. Free hand sections of
the pithi w-ere made anid cell size determiined withl a
Leitz-PaIilplnot imicroscape equipped with phase-con-
trast optics. 'T'lhe cells were p)hotographed and
measure(l at 80 Nimagnificationi.

Tissiue Cilture. Twenty ml of 21-1\IV miie(liulimi
(18) containlin;g 0).2 mig kinetini (Kin) an1d 2.0 miug
indole-3-acetic acid (1AA) per liter were placed in
50 ml flasks sometimes 10 ml mediumni in 25 mm
diameter cultuire tubes was substituted. The mineral
solution containinig organic additives was adjuiste(l
to pH 6.3 before the addition of agar. Pith cylind(lers
(2 per flask and 1 per tube) with anl initial fresh
x%-eight of 55 2 mg were implanited on the solidi-
fied medium anid wrere grown at 250 under weak
illumination (ca. 100 ft-c) for 30 days. Dturing
that period samples were removed for analysis.
Each determination was based on 4 or 5 repetitionls.
each involving 2 tissues.

Chemlical Analysis. Soluble nitrogen was ex-
tracted for 18 hr at 40 with a sufficient volume of
80 % ethanol as to allow a final concentrationi of
70 %. After evaporation of the alcohol, nitrogen
was determined in a semimicro Kjeldahl apparatus.
Insoluble nitrogen in the residue was determined in
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Fii;. 1. Tranisvcrse sections of tobacco pitli at "arious distanices fromii the apex. Segu,ent 0 is taken 5 cImi below
apex: thereafter all sections w'ere cut at intervals of 12 cm. Phase contrast microscopy; magnification 80X.

I t!

9v -7



LAVEE AND GALSTON-STRUCTURAL, PHYSIOLOGICAL, AND BIOCHEMICAL GRADIENTS

the same way. A direct determination of protein
in the cell sap could be made by squashing the tissue
onito -a porcelain plate, absorbing 6 jul of the sap
onto 3 MM filter paper and analyzing by the Lowry
method (11). RNA and DNA were determined by
a modification (9) of the Ogur-Rosen perchlorate
method (13).

Enzymtatic Determina-tiont. Total peroxidase ac-
tivity was determined in 6 ul sap using an equimolar
guaiacol-H.,O., system at pH 5.8 (12). Readings
were taken with a Bausch and Lomb Spectronic 20
colorimeter at 470 nm at intervals of 15 sec (15).
Results are expressed as AOD units per 15 sec.
The isozymic composition of the peroxidase was

determined by means of electrophoresis on starch
gel at pH 9.0 with a borate buffer mobile phase at
pH 8.3 (12). A potential of 10 v/cm was applied
for 75 min. The zymograms were developed with
the guaiacol-H2O, reagent after transverse slicing
of the gel and were recorded by Polaroid pho-
tography.

Results

Cells of pith increase in size fronii the apex to
the base of the plant (table I). This increase in
size is gradual from just below the apex down to
the sixth segment. Between this and the'next seg-
inent relatively larger increases in cell size were
observed. The pith cells in all segments were rather
uniformi and isodiametric, so that the size differences
were easily denmonstrable (fig 1). Despite the
marked difference in cell size along the plant the
percentage dry weight was remarkably constant,
ranginlg from 5.63 to 6.90 %. There seemed to be
a slight tendency toward an increase towards the
base of th&J plant.

The conc^entration of certain classes of metabo-
lites in the pith changes considerably as one pro-
gresses down the plant. The soluble N fraction
decreased markedly from the apex to the lower third
of the plant; thereafter the concentration increased
Table I. Cell Size of Tobacco Pith Tissue at Various

Locations Along the Stem
cell length X cell width

Cell size inldex = _. Each

100
value represents the mean of 100 measurements.

Segment Distance Cell Cell Index of
No. from apex width length cell size

0

1
2
3
4
5
6
7
8

cm
5

20
32
44
56
68
80
82
94

U

40.5
42.4
44.4
504
50.2
52.6
55.0
73.9
89.4

40.2
41.3
44.8
50.6
51.8
53.6
56.7
77.8
88.8

16
18
20
25
26
28
31
57
79

2

soluble N

z
E insoluble N

I 2 3 4 5 6 7 8
SEGMENT 2

FIG. 2. Coritent of insoluble and soluble initrogen in
tobacco pith sections taken at various distances from
the apex. Segment numbers as in figure 1. Mean data
from 3 experiments of 3 plants eaeh. Maximunm varia-
bility within segments was 3.1 %.

slightly again (fig 2). The insoluble N fraction
was generally low and rather constant except for
slightly higher levels near the apex. The soluble
protein of the expressed sap, determined in a dif-
ferent set of experiments by the Lowry iiiethod,
revealed a gradient of protein concentration from
apex to segment 4, then a plateau, followed by a
slight rise at the very base (fig 3).

8.

,,6

.' 4
0)

0 1 2 3 4 5 6 7 8

SEGMENT
FIG. 3. Protein content of tobacco pith cell sap by

method of Lowry et al. Segment numbens as in figure 1.

RNA distribution resembled that for soluble N
(fig 4). A gradual reduction in RNA content along
the plant was apparent down to segment 6, with a
slight increase thereafter. DNA showed a similar
pattern of basipetal reduction, but nearly no increase
at the bottom of the plant. The reduction in DNA
could be expected in view of the increase in cell size
down the plant; since each cell has 1 nucleus, and
since the bulk of cellular DNA is in the nucleus,
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the lower the concentrationi of nuclei, the lower will
be the J)NA content. This situation is well de-
scribed in the RNA_DNA ratio, which increases
somewhat toxvard the base of the plant.

The changes in the RNA soluble N and sap
protein of the pith along the plant were generally
correlated with the growth potential of an explant
of that tissue in vitro. The fresh and dry weights
of the callus tissue produced after 4 weeks of culture
of pith tissue originating from thle different seg-
inent.; is shown in figure 5.

2 3 4 5 6 7 8
SEGMENT 4

FIG. 4. RNA concentration and RNA :DNA ratio
of tobacco pith tissue. Experiment as in figure 2.
Maximum variability within segments was 2.6%.
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n n
V UI 2 3 4 5 6 7 8

SEGMENT
FIG. 5. Weight of tobacco pith callus formed from

various sections after 30 days of culture on 21-MW
medium with 2.0 ml/l IAA, 0.2 mg/l Kin. Segment
numbers as in table II.

PrIG. o. i ne appearance oI tne calluses descrbe(a in
figure 5.

The nature of the callus produced from the
various explants was different. While the tissues
produced from segments 1 to 6 was soft and loose,
that of the last 2 with relatively vigorous growth
was hard and compact (fig 6). Compact tissue with
small cells was also detectable in localized regions
of the tissues originating from segment 6.

Table II. The Gro-wth Polenital of Pith Tissue Excised From Various Locations Along the Stem in Plants at
Various Stages of Maturity

Each value is the mean of 24 tissue weights. There were 3 experiments, each involving 4 flasks containing 2
explants each, cultured for 30 days.

Segmenit Cm from
apexl

Stage I
Young

Fr w-t Dry N-t

Stage II
Growing

Fr wt Dry wt

Stage III
Mature

Fr wt Drv wxt

Stage IV
Flowering2

Fr w't Dry wt

ing

978
863
785
579
473
501
1098
878

mg mg mg
62 1306 73
59 1337 67
57 835 57
50 866 56
39 775 l5
40 528 45
70 1279 82
63 902 64

Last segnment about 15; cm above the soil line.
2 Length does not include the inflorescence.

100[

AOd.

N 60
z

c

m 40

20

RNA

o + +~~~~~~~
RNA
DNA~~~~~~~~~~~

E

fr. wt.

1

3

4

6

8

nf(J
1509
547
669
794

my

83
46
48
53

20
32
44
56
68
80
92
104

mg
1087
783
677
504
837
820

mg
63
56
53
43
54
54

.!- I
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FIG. 7. A comparison of growth potential anid total
peroxidase activity of tobacco pith tissue. Segment
numbers as in figure 1. Fresh weight after 30 days
in culture; peroxidase activity in original pitlh (mean
from duplicate samples of 3 plants).

inwerse correlation lbetweell these 2 (quantities is
evident. A-lthough the level of peroxidase activity
v-aried somewha,it fromii plant to plant, the trend alongy
anyv one stemii was always the same.

\VhIe tisslue is cultured iM vitro, its peroxi(dase
activity may l)e significantly altered. generally
toward increased activit. _I one plots the recip)ro-
cal of culture time (in hr) needed for L given tissue
to develop a peroxidase activity with a final O)/mmi
value of 0.600, the curve in figure 8 is obtainie(l.
Now. there is clearly a l)ositive correlatioti betweeni
growth p)otenitial alnd the rate of dev-elol)menit of
peroxidase activity. Thrte detaile(d kinetics of the
increase of peroxidase activity- ini cultures derive(d
froi (ldifferent locations is shown in figure '.
Clearly, botlh the youtngest and oldest parts of the
pith are most active in sylithesizing peroxidase. ait
least tpl) to 10() hr- iii cilture.

'I'he gradient of growth poteintial of the pith
along the tobacco stem can be noted in young plants
as well as in old, fully- flowering plants (table IT).
The increased growth potential of the pith iii the
lower part of the plant. although present in thec
young plants, increases mnarkedly with time.

S;ince TAA must be added to the medium to in-
duce growthi of the pith in vitro, it was deemed
advisable to observe possible gradients in 1AA-
(lestroving capacity. A recenit report (7) describes

n1 in1cr eaising decarboxylatioi of 14COOH IAA from
progressively mnore basal pitlh explants. Since IAA
destructioln is mediated by peroxidase, we set about
to lmeasure total peroxidase activity in the various
segments. A comparison between the growth poten-
tial of the tissuie expressed as fresh weight after
4 weeks in culture and the peroxidase activitv of the
original explant is shown in figure 7. A striking

4

0

0

-3.

E 2

2 3 4 5 6 7 8

SEGMENT
FIG. 8. Peroxidase activity in pithl calluses froiml

various segments. (numbers as in figure 1). Activity
expressed as the reciprocal of hr in culture required
to attaini a constant (Final OD = 0.600) peroxidase
activity (experiment as in figure 7).

+ 100
0 0.2 + hrs|

N\ /
E
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o ,+/

X 50

hrs

x~~~~~

~ 2 hrs

ol
2 3 4 5 6 7 8

SEGMENT
FIG. 9. The effect of time in culture on peroxidase

activ,it- in various tobacco pitlh segments. (Numbers as
in figure 1). (medium 2I-MW, and 2 mg/l IAA and
0.2 mg/l Kin).

The nalture of the increase in peroxid-ase activity
was studied by means of starch gel electrophoresis.
The isozymal compositioni and relative activitv of
various segments harvested after 0, 50, 100. and
200J hr in culture, after reaction Nvith guiaiacol-
] l.(., is shownvi in figure-c 10.

It is clear that while the peroxidase activity of
the original pith all along the plant is dlependent on1
2 anio(lic isozy nes, the additional activitv is clue to
the appearfance of several newv cathodic isozvmes.
The new isoperoxidases appeared earliest in the pith
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FPc;. 10 The effect of time in culture on peroxidase isozyme composition and content in t6bacco pith from various

segments. (Numnbers as in figure 1).
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tissue from the youngest and oldest parts of the
stem, ani( gradually became dominant over the orig-
inal ones, wN-hich did niot chlange appreciably in the
first 50 lhr ill culture. After 200 lhr, whenl the
leveloplment of anl additional catho(lic isoperoxidase
\\-as apparent and the original aniodic isoperoxidases
lhad largely disappeared, no signlificant difference in
isoZnme coml)osition or intensity couild be found
betweeln the various tissuies. Thle total activity at
this stage of dexvelopmiienit was v-eryx- lhiglh. resuiltinig
in somle diffusion of the dark colored oxidationi
p)roduct of guaiacol. This caused a smearing of the
patternis by the time of the photographic recording.

Discussion

Trhe increase in pith cell size along the tobacco
stem from apex to base is. by itself, convincing
evidence of the existence of gradients in pith tissue.
The chemical and physiological data presented here
serve only to further document this conclusion. This
denlionistrated inhomogeneity, especially in growtth
res.;ponse. suggests that wlheln )ith explants are used
to assay for cvtokinins, eitler similar tissue mnust be
excisedl fronm conll)arable stemiis ol ex,plants muitist be
suitablyl rand(lomized prior to inloculatioin inito dif-
ferent imiedia. This caveat is probably well knowln
to workers in the field, anid instinctively obeyed bN
miany researchers. Yet, thle mlagnituide of the oh-
served differenices indicates that the inhomogeneity
ought to be spelled ou1t for all to apl)reciate.

The basipetal gradient in peroxidase activity in
the structurally homnogeneous p)ith cells parallels that
originally reported for IAA oxidalse in etiolated pea
epicotyls i(3) and sinice theni in miianiy othler systenms.
inicluding Lens roots (14 ) and Pelargonihm- pithl
(10). Recently. a simiila r gradient in the ability
of tobacco pith to decarboxylate 14C-carboxyl labeled
TA.A has been reported (7).

In both tobacco (4) and PC/iargoniulm pith (10),
the youlnigest pith cells are devoid of l)eroxidase, anid
develol) peroxidase activity within 24 hr after ex-
cisioii and implantation on aseptic media, to an
extenit determinied largely by the mlediulm. These
facts speak against the view (1 22) that peroxidase
is a "constituitive" rather than an "adaptive" enzvme.
In both systems, IAA has been slhowin first to re-
press and later to induce specific isoperoxidases; in
tobacco pitl), the repressed and induiced isozymes are
different, while in Pelargonium pith. they are the
same. T'he repression by IAA of the de nozo for-
iation of a specific isoperoxidase has also been
reported in excised green pea steml sections (12).
The demonstration (16) that the heme grouip of
peroxidase is not essential for J.AA oxidase activity,
together with the presence in the tissue of other
heme enzymes such as the cytochromes makes it
likely that the control of peroxidase synthesis, botlh
by excision and auxin, is attributable to control of
synthesis of the apoprotein moiety of the enzyme.

-It is intriguing to note that those tissues initially
lowest inl peroxidase activity are precisely those
which formi lperoxidase most rapidly after excision
and cutlture (fig 9; comiipare time 0 with 10) hr).
This clearly indicates that the initial low level of
the enzym-ie in tissues with high growtl)potential
is the restult of a repression type conitrol miiechaniism:
clearly- these cells caii nmake the enzymie, but are
prevenlted from] (tloing so by somiie metabolic control.
It allso demonstrates the differenit natture )f tlhei
systenis regulating the formationi of allodic and
cathodic isoperoxidases. Ini this context, it should
be nioted that in tobacco pith (4). Pelargoniuml pith
(10) anid pea stem tisstue (12), the isoperoxidases
induced or repressed in responise to excision or auxill
treatnment are always cathodic at pH 9.0. T'hose
isoperoxidases which (levelop) normally iii tobacco
pith are aniodic (4) aind in pea stemii botlh allodic and
cathodic (12). Pelargonhio pith does niot liorll,.l
form peroxidase at all i7 situt (10).

Wlhile the physiological miieaninig of the gradients
and rapid changes inl peroxidase activity is still
unclear, the correlation with groN-th patterns conl
tinues to suggest an important conlniectionl betweeni
the two.
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