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INTRODUCTION 

Historically, ribulooe 1,5-bilphoophate carboxylaso/oxy­
g<nut (RuBPCa"') w.., diooovored from studi01 of pro­
teitu from greon leoves and namod Fraction I protein 
(FI proteio) {!). 'rbio protein wu once assumed to be 
a .. ociated with bol"ti\OM action. More tban 30 years have 
pu~td since tben and our knowledge of this prot<io has 
advanced conoiderably {2); yot, very little informatioo 
is available on the hormonal effeot upon this protein. 
Some stimulating effects on the syntbosis of RuBPCase 
have been reported recently for cytokinin-treated rye 
seedlings (3). 'rbil effect is probably associated witb a 
C)'lokinin stimulation of the synthesis of the large •ub­
unit {3), whiclt io known to be coded by ddoroplast genes 
aod syotbeiized on d:!loroplost riboso;n:~es (4). This 
prompt<d us to investigate tbo offocu oi auxin o.nd cyto­
kinin on tho regulation oi the bi<>&yntbosio of RuBJ?Ca<e 
and on dtloroplut ribooom01 in ~ilro. 
'rho tobacco plant t .. tod here was tbe mutant of John 
Williams Broadleaf Q.W.B.). This mut:mt in the hetero­
zygous (Sulou) form is yellow and provides two homo­
zygous segreganto (Su/Su and •u/m) and tho parental 
type (Sulsu) from self-pollination in tho Mendelian 
fashion (5). The bomozygouo dominant (Su/Su) i.. albino, 
lethal "' a •oed.ling o.nd dou not grow autouophically 
under gr<>enhouS< <:<>nditions. Both tbo homozygous, r<­
cwive (su/ou), whid:! i.. tb< wild type, and the het<ro­
zygou• (Su/•u) yellow form grow well in tbe greenhouse 
and produce normo.l S<eds. When cultured in vitro on on 

ogor medium supplement<d with sucn>te and honnon .. , 
all tbree gonotyp.,. used in thi• .<ttJdy grow equally well 
(6, 7). 
In thi.. papec, we wi..h to report our findings on the 
"''lulation of tbe bi<>&ynt:hesis of lluBPCa.e by the plant 
hormon,. indole-3-acetic acid (IA.A) and kinotin. The 
implicuion of ouclt regulation is discu,.od. 

MATERIALS AND METHODS 

SwiJings: Seodo from S<!f-pollinated, yellow mutant 
planto (Su/su) were •urface oterililted w:itb 20°/o houoe­
hold Clorox for IS min and placed on I% (w/v) agar 
contaioing a modified Muraohige-Skoog (MS) medium 
(8), with or without indole-3-acetic acid (IAA), kinotin 
or botb. The medium wao adjuoted to pH S.S and auto­
claved for 15 <nin at 15 p.!.i. About 15 S<eds were placed 
in ead> 125 ml Erlenmeyer flask containing 30 ml solid 
ogor <n<dium. Tbe S<ods were germinated witb or with­

out sue<O!O. Fourteen days after gennination, '''"'"" 
s .. dlings were removed with foreepo, leaving only th• 
desired phenotype, wnally three ... d.ling~ a flask. 

Pla"llt!<.< S.veral 5 mm stem sections immediately below 
the cotyledon• of two-week old seedlings, clescribod 
above, were excise<! and o:ultured on a full mengtb MS 
modiwt1 supplomontod witb glutamine (to-• M), myo­
inooitol (S.S X to~• M), glycine (2 mg{l), vitamins 
(2 m~) and iron (FeSO, · H,O {10 -• M)), aa previously 
clescribed (1). SucrD!e wu uS<d u the carhoo soun:e for 
tbo development of plantle"-
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The plant hormones, IAA and kinetin, were added either 
alone or in combination at the concentration of 1 mg per 
liter (7). Plant materials were maintained under con­
tinuous cold white fluorescent light (150ft. candles). 

Greenhouse Plants: Young tobacco plants were grown 
on sterilized soil in a well controlled greenhouse. They 
were harvested at a size comparable to that of the tissue 
culture plantlets. 

Analytical Ultracentrifugation: Some 1 to 2 g of leaves 
from the above plant material were homogenized in 0.3 
to 0.6 ml of buffer containing 80 mM Tris, 20 mM MgC12 

and 40 mM KCl (pH 8.5). This was done with pestle and 
mortar at 4 °C. After centrifuging the slurry at 10,000 
r.p.m. in a Sorvall for 10 min, the supernatant was 
analyzed. The sedimentation pattern was obtained from 
the Bedonan Model E analytical ultracentrifuge. Schlieren 
pictures were taken at 44,770 r.p.m., 10 to 20 min after 
attaining this speed. Sedimentation coefficients were cal­
culated and corrected to water at 20 °C. 

Determination of Protein and Chlorophyll Content: The 
protein content of the leaf homogenate obtained above 
was determined with the Model E analytical ultra­
centrifuge using known concentrations of RuBPCase as 
the standard. Photographs were taken 25 min after 
centrifugation at 44,770 r.p.m. and the area under each 
peak was measured. The protein in each sample was 
quantitated by comparison to areas on a standard con­
centration curve (9). Chlorophyll content was estimated 
in 800/o acetone by the method of Arnon (10). 

Analysis of Ribosomal RN A: Ribosomal ribonucleic 
acids (rRNAs), prepared by the method of Bourque et al. 
(11), were fractionated by polyacrylamide gel electro­
phoresis in 30 mM NaH1P04, tmM EDTA, 36 mM Tris­
HCl (pH 7.2). Ratios were calculated from the area of 
each peak. 

RESULTS 

The Content of Chlorophyll and Soluble Leaf Protein 

The morphological characteristics of the three genotypes 
of J.W.B. tobacco grown under greenhouse and tissue 
culture conditions have been described by Burk and 
Menser (5), Schmid (12) and Schaeffer and Menser (6). 
The wild type and yellow mutant seedlings and plantlets 

cultured on a modified Murashige-Skoog (MS) medium 
(8}, ladting auxin and kinetin under low light conditions, 
exhibited less difference in total chlorophyll content than 
the greenhouse plants (Table 1). The addition of IAA, 
kinetin or a combination of the two to the seedlings or 
plantlets had little effect on their morphology with one 
exception. That is, when kinetin was added alone at 
1 mg/1 to the medium, the seedlings grew very slowly 
after germination. They developed small, thidt, dark­
green cotyledons and leaves. Stems were thidt as well and 
vigorous growth did not occur until some callus had 
formed at the base of the seedlings. Roots did not develop 
well in the presence of kinetin. No such effect was ob­
served in the plantlets developed on MS medium con­
taining equal amounts of kinetin and IAA. As seedlings 
grown in tissue culture, the wild type and yellow mutant 
plants could be distinguished only during the first two 
weeks after germination. However, the homozygous 
albino remained colorless. It contained only 6 Ofo of the 
chlorophyll when compared to the wild type plants under 
ide~tical conditions (Table 1). 
Table 1 shows that there is a 500/o reduction in chloro­
phyll content from the wild type plantlets in vitro, 
whereas the yellow mutant plantlets contained essentially 
the same amount of this pigment under both in vitro and 
greenhouse conditions. In vitro the chlorophyll alb ratio 
is considerably lower than observed in the greenhouse for 
both wild type and yellow mutant plants, However, the 
a/b ratio of these two genotypes was close to the value 
determined for normal tobacco plants and consequently 
they could not be distinguished by their leaf color. The 
ratio for the albino plantlets is relatively high, which 
may indicate that their chloroplasts ladt the light har­
vesting chlorophyll protein complex and the normal 
grana structure (13). 
On a fresh weight basis, the wild type and yellow mutant 
seedlings or plantlets in vitro contained less (20 Ofo) total 
soluble leaf protein than under greenhouse conditions 
(Table 1 ). In albino plants the amount of total soluble 
leaf protein and, in particular, the amount of the 
RuBPCase was greatly reduced. 
Figure 1(A) represents a typical analytical ultracentrifuge 
Schlieren pattern of total soluble leaf proteins and free 
ribosomes extracted from wild type plants grown in the 
greenhouse. RuBPCase has a sedimentation coefficient of 
18S and is a chloropla~t protein, whereas Fraction II 
(FII) protein has an S value of 4 to 6 and consists of 
soluble proteins derived from both the chloroplast and 

Table 1. Content of chlorophyll and RuBPCase from different genotypes 
of John Wllllams Broadleaf tobacco under In vitro and greenhouse conditions. 

Chlorophyll (mg) Chlorophyll a I RuBPCase (mg) per 
Genotype Growth conditions per g fresh weight chlorophyll b 

mg chlorophyll I g fresh weight ratio 

su/su (wild type) greenhouse 1.37 3.25 7.22 9.90 
plantlets 0.65 1.91 12.46 8.10 

Su/su (yellow mutant) greenhouse 0.25 7.71 30.80 7.70 
plantlets 0.25 2.57 26.80 6.90 

Su/Su (albino) plantlets 0.037 7.84 41.Q8 1.52 
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Figure 1. Analytical ul1racentrifuge Schlieren pattern-s of 
soluble components extracted from tobacco leaves. A: 
from greenhouse plants of wild type (su/su) illustrating 
the proportion of Fl protein (RuBPCase). Fll protein, 70S 
and 80S free rlbosomes, B: from wild type (su/su) plantlets 
grown on Murashige-Skoog medium without indole-3-acetic 
acid and kinetin, and C: from albino (Su/Su) plantlets 
grown on Murashige-Skoog me<Sium without lndole-3.acetic 
acid and kinetin. 

the cytoplasm. The three pie cures in Figure 1 ~·ere taken 
at different bar angles and different time-s after reaching 
maximum speed in order to accentuate the differences 
among these tissues. Figures l(A) and l(B) are very 
simil ar, except that the plantlets culcured in vitto always 
have a lower level and different ratio of free 70$ and 
SOS ribosomes. Albino plants (Fi~ure L(C)) have reduced 
levels of both RuBPCase and free ribosomes. These levels 
of RuBPCase and 70S ribosomes, which are both of 
chloroplast origin, are great enough, however. tO suggest 
that albino plantlets may comain many more chloroplasts 
than is apparent from the chlorophyll content. 
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Figure 3. The effect of indole·3-acetlc acid or kinetin on 
lhe albino plantlet$. A: control - no hormones were added 
to the medium. 6 : kinetin was added to the rnedium. 

£/feet o/ IAA and Kinetin on 
RuBPCau and Free Ribosomes 

Figure 2 iHusuatc-s the remarkable difference i1\ the 
amount of RuBPCase from wild type plamlets gro"'n on 
modified MS medium, ~·ith or w ithout IAA and kinetin. 
The soluble lea f proteiM and free ribosomes were ex· 
cracced from an equal \\•eight of fre-sh Ueaf tissue. The 
area under each peak is propouio.nal tO 1he concemr·ation; 
therefore, these profiles can be directly compared. \\/'ith­
out fAA and kinetin added to the medium (control), the 
wild type plantlets contained normal amounts of total 
soluble leaf proteins ( 16.2 mg/g fre<h weight) divided 
equally between Rullf>Case and FIT proteins (Figure 
2(A)). When !AA (I mg/1) and kinetin (I mg/1) were 
added to the medium, the amount of RuBPCase in the 
seedlings or plandets was reduced to about 10 to 20°/o 
of the comro l with a slight decre-ase of the FII protein 
(Figure 2(B)). It should be noted that the free 70$ ri· 
bosomes disappeared when the plamlet.s ..-.·ere supplied 
with both hormones (Fig. 2(B) and Table 2). The remain· 
ing peak of the free SOS ribosomes wa.s also reduced. 
Since the ratio of 255 + !SS /23$ + !6S rRNA in all 
treatmentS (Table 2) remains relatively constant, there 
may be a shift from free to membrane-b-ound ribosomes 
i1l these hormone treated tissues. The combined effect of 
IAA and kinetin on the already suppressed levels of 
RuBPCase protein and free ribosomes in albino plandm 
was insignificant when c.ompared with that found in che 
other two genotypes (Table 2). 



Figure 2. The effect of hormonal treatment on the amount of RuSPCase and free ribos.omes 
from plantlets. A: control - no hormones were added to the Murashigc-Skoog medium, B: 
kinetin + auxin - equal amount of kinetin and indole-3-acetic acid {1 mg/1} was added to the 
Murashige-Skoog medium and leaves were harvested either from the seedl ings or plantlets. 
C: kinetin - kinetin alone was added to the Murashige-Skoog medium and leaves were har· 
vested from plantlets, and 0: auxin - indole-3-acetlc acid atone was added to the Murashige­
Skoog medium and leaves were harvested from both seedlings and plantlets. 
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B 
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When !AA and kinetin were supplied individually to the 
plantlets, however, no reduction of RuBPCase or free 
ribosomes was observed (Figures 2(C) and 2(D)). When 
applied to seedlings, only the kinetin reduced the level of 
these soluble components. \Vhbout hormone-s, se-edlings 
or plantlets usually had fewer free 70S and 80$ ribosomes 
(with a 1:1 ratio) than did seedlings grown in the green­
house, where the ratio of 70$ tO SOS ribosomes was l: 3 
(Figs. l(A) and l(B), Table 2). When !AA or kinetin alone 
was applied to the plandecs. each caused an incremental 
increase of the free ribosom;.:s eo a level and ratio com­
parable tO that in greenhouse grown plants (Figs. 2C and 
20). This stimulation was particularly e .. ·ident in the 
case of albino plantletS (Fig. 3(B)), where a several-fold 
increase of soluble protein and free ribosomes was ob­
served. 
The presence or absence of sucrose in the medium had no 
apparent effect on the amount of total soluble protein. 
The hormones, when added to the medium individually 
or in combination, had no effect on the chlorophyll 
content of the seedlings or p lantlets of either genotype. 

DISCUSSION 

This study was designed eo investigate the role played by 
!AA and kinetin in the regulation of RuBPCase synthesis. 
RuBPCase levels in tissues treated with or without hor­
mones ~·ere compared by direct analysis of leaf e;ctracts 
in the Model E analytical ultracentrifuge. This simple, 
rapid and reproducible procedure requires only a small 
quantity of leaf material (I g fresh weight) and the 
results obtained were striking. 'X' hen equal amounts of 
!AA and kinetin in MS medium were supplied to seedlings 
and plamlets, a drastic reduction in RuBPCase content 
was observed. Kil)etin alone also suppressed RuBPCase 
levels when supplied tO seedlings in the MS medium. In 
other insu.nces, however, only pbntlets treated with TAA 
or kinetin and added separately to the MS medium were 
stimulated tO increase their RuBPCase and ribosome 
contents. 
The.se hormone-induced alterations in the amount of 
RuBPCase were inYariabJy accompanied by simila r 
changes in the level of free ribosomes, p3rtieu!arly of 70S 
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Table 2. The effect of hormonal treatments on . the ratio of soluble protein, 
free rlbosomes and rRNAs In vitro. 

Growth conditions 

Graenhouee 

Tluue Culture 

Genotype 

su/su (wild type) 
Su/su (yellow mutant) 

Sucrose* su/su (wild type) 
Su/su (yellow mutant) 
Su/Su (albino) 

Sucrose plus IAA and kinetin* su/su (wild type) 
Su/su (yellow mutant) 
Su/Su (albino) 

IAA and kinetin+ 

Sucrose plus IAA*&+ 

Sucrose plus kinetin+ 

su/su (wild type) 
Su/su (yellow mutant) 
Su/Su (albino) 

su/su (wild type) 
Su/su (yellow mutant) 
Su/Su (albino) 

su/su (wild type) 
Su/su (yellow mutant) 
Su/Su (albino) 

* Leaves were harvested from seedlings. 

+ Leaves were harvested from plantlets. 

ribosomes. Such a strong correlation suggests that 
RuBPCase regulation may only reflect a more direct 
hormone-mediated effect on the protein synthesizing 
system. Reports of ribosome-associated cytokinin re­
ceptor proteins (14) and of stimulation of polyribosome 
formation by cytokinin (15) tend to support this~view. 

It is well known that kinetin and IAA can direct cells to 
divide and elongate and that differentiation is enhanced 
when the auxin/cytokinin ratio is low. It should be 
possible to investigate the relationship between RuBPCase 
levels and the differentiation process more closely with 
the goal of understanding how the level of this protein, 
which constitutes 500/o of the total soluble leaf protein, 
may be manipulated. Recent studies have indicated that 
tobacco leaf proteins can serve as precursors of many 
undesirable smoke components which may be potential 
health hazards (16). Reduction or removal of soluble leaf 
proteins before the curing process may produce a safer 
smoking material. If extracted before the curing process, 
these proteins could serve as a food supplement (9). It is 
for these reasons that knowledge of the regulation of 
RuBPCase content could prove to be important in the 
production of safer smoking material, as well as a valuable 
protein source for· human consumption. 

It should be of interest to mention that, unlike the diploid 
J.W.B. albino, albino plantlets of rice derived from anther 
cultures have been shown to be devoid of normal chloro­
plasts and to contain neither RuBPCase nor 70S ribosomes 
(18). It would be very revealing to examine this differ­
ence between the diploid and haploid albino plants. 
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Soluble protein: 
Fll I RuBPCase 

1 

1 
1 
3 

4 
4 
4 

4 
4 
4 

2 

1 
1 
2 

SUMMARY 

Free rlbosomes: 
80S/70S 

3 
3 

1 
1 
1 

no detectable 70S 
no detectable 70S 
no detectable 70S 

no detectable 70S 
no detectable 70S 
no detectable 70S 

2 
2 

2 
2 
1 

Ribosomal RNA: 
25Si-18S/23S+16S 

3-4 
3 

3 
2-3 

3 
3 
2-5 

1. The three genotypes, Su/Su, Su/su, su/su, of John Wil­
liams Broadleaf tobacco (N. tabacum) grew equally well 
on Murashige-Skoog medium. On a fresh weight basis, 
the heterozygous (Su/su) yellow mutant and the homo­
zygous (su/su) wild type plants contain similar amounts of 
RuBPCase and Fraction 11 protein in roughly equal pro­
portions, but with a somewhat reduced amount of 70S 
and SOS free ribosomes. The homozygous albino (Su/Su) 
plants contain appreciable amounts of RuBPCase and 
free 70S ribosomes, although the chlorophyll levels are 
extremely low. In the case of the yellow and albino forms, 
there appears to be no correlation between RuBPCase 
and chlorophyll content. 

2. When equal concentrations (1 mg/1) of kinetin and 
indole-3-acetic acid (IAA), or kinetin alone, were added 
to the medium, a drastic reduction of RuBPCase and 
disappearance of free 70S ribosomes were observed in the 
yellow mutant and wild type plants, whereas the effect 
on the albino plants was not significant. 

ZUSAMMENFASSUNG 

1. Die drei Genotypen (Su/Su, Su/su, su/su) von John­
Williams-Broadleaf-Tabak (N. tabacum) wuchsen auf 
Murashige-Skoog-Medium gleich gut. Auf Frisch­
gewichtsbasis war der Gehalt der heterozygoten gelben 
Mutante (Su/su) und des homozygoten Wildtyps (su/su) 
an RuBPCase und Fraktion-11-Protein bei etwa gleichem 



Mengeuvorb!ilmio, jedoch einer orwas verringerten An­
zohl an freien 70S- und 80S-Ribosomon ungofahr glo:ich 
groll. Der homozygote Albino (Su!Su) ent!U:lt erhohlicho 
Mengou an RuBPCose und fnien 70S-Rib<>somen, ob­
wohl Wn Chlorophyllgobalt iuBerst niodrig ist. Boi dor 
gelben Mutante und beim Albino konute keine Kor­
lt.tion zwischcu der RuBPCate und dem Cbloropbyll­
gohalt bcobacbtet werden. 
2. Wenn dom Medium gl.iche Mengen (I mgll) Kinetin 
und lndolyl-3-essipiiure (IAA) oder &uch nut Kinetin 
~ugesmt wurdeu, waren bel dor gelben Mutante und 
dom Wlldryp ein orarker RGckgang dos Gohalteo an 
RuBPCa .. und oin Venchwindon dor fro:ion 705-Ribo­
"""'on zu bcobll<hten, wiibrend oicb bo:i dem Albino 
keine lignifikanten Au5Witkungen ze.igton. 

RtSUMB 

I. Leo uoio gOnotypeo (SuJSu, Su/ou, ou/ou) de tabac John 
Williamo Broadloaf (N. r•IMcum) ont pou"<! do 11. m6no 
f"'o.n our le milieu Muraohige-Skoog, Sur la ha.. du 
poids fraio, lo mutant jnne bt\rt\rozygoto (Su/ou) ~ k 
type oauvago homozyJrOie (ou/ou) contionnent dco quan­
tirt\o oemblahleo de RuBPCa,. et de protOineo do la frac­
tion 11, en proportion• ~ pou prb q:pleo, <nais avec une 
quantitO l<!gff=ent rdduite de rihoiK>Ines libteo 70S et 

80S. Les plauteo albio.no homozygous (Su/Su) oontion­
nont doo quantit& conoidhableo de RuBPc ... et do ribo­
someo libuo 70S bien queles laux d" d.ioropbylle soient 
""'rlm""'""t bas. En co qui conccrne Ieo formes jauneo 
et albinoo, on n'a p .. obOct'VO de corrt\lation entu la 
RuBPCate el le taux de d.loropbylle. 
2. Lonque deo quntirt\s <!gales (I mg/l) de cinOtine et 
d'acido i.rulol-3-adtique (IAA) ou uuiquomer>t de la 
cinhino sont ajourt\co an milieu, on obOct'Ve uno forte 
n!gr...ion de la tenour en RuBPCaoe et la di'Pl'rilion d., 
ribooornes 70S libr., da!H le mutant jaune et la plante 
••uvago randi.o que dano les plantes albinO! cot cffet n'en 
pas sipifiatif. 
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