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AWract-The electrophoretic properties of ribosomes and ribosomal proteins of coniferous seeds were determined 
on polyac~la~de gels. Dry seeds of jack pine (J&UT ~~~~~ Lamb.) containal 80s mono~bosom~; polysomes 
were absent. After 48 hr of imbibition the seeds contained monoribosomes and polysomes. The MWs of the ribosomal 
proteins of the cytoplasm and chloroplasts were, 10 to 82 x 10’ and 9 to 65 x lo3 respectively. Ribosomal proteins 
from Pinus, Abies, and Pseudotsuga were electrophoretically similar. 

I~ODU~ON 

Until recently only a few studies have considered the 
nitrogen metabolism and protein complement of gym- 
nosperms even though these species am the major 
land cover of the northern temperate zones and nitrogen 
is often the main factor limiting tree growth. A better 
unde~~n~ng of the value and nature of the proteins 
synthesized by these widespread species depends on the 
analytical tools available to the forest researcher. In 
this context we describe first the electrophoretic 
properties of monoribosomes, polysomes and their 
sub-units from jack pine (Pinus banksiuna Lamb.). 
These components have been resolvable on poly- 
acrylamide gels. This technique is, in several ways, 
superior to that of using sucrose density gradients 
[l, 241. Secondly, the ribosomal proteins of dry and 
germinating jack pine seeds were examined to deter- 
mine if, during imbibition, ribosomal proteins changed 
in numbers and in their properties. So far, limited data 
are available on the properties of ribosomal proteins 
from plants [1, 5-71. Thirdly, the MWs of the basic 
ribosomal proteins from the cytoplasm and the chloro- 
plasts of jack pine were determined by using SDS 
(sodium dodecyl sulfate) polyacrylamide gels. Fourthly, 
the electrophoretic properties of the ribosomal proteins 
from several commercially important members of the 
Pinaceae and, for comparative purposes, Zea mays 
were determined to evaluate interspecies variability. 

RESULTS AND DISCUSSION 

Electrophoresis of ribosomes and sub-units 

The ribosome preparation from dry seeds of jack 
pine gave one band after eleetrophoresis on 2.2% 
polyac~lamide gels. The band represented 80 S mono- 
ribosomes Dry seeds of angiosperms [I, 8, 9-123 
and of P. lambertiana [13] also contain 80 S mono- 
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ribosomes and are devoid of polysomes. We found no 
evidence for the presence of bacterial 70 S or chloroplast 
70 S ribosomes [ 14,15-J. 

The 48-hr imbibed seeds contained 80 S mono- 
ribosomes and several heavier components thought 
to be polysomes. The formation of polysomes is 
supported by electron microscopy studies of jack pine 
seeds from the same seed lot 1161. During imbibition, 
the formation of polysomes arises from preexisting 
monoribosomes and preformed mRNA present in dry 
seeds [S]. Formation is rapid [lo] and may occur in 
the absence of mRNA transcription [S-lo]. In jack 
pine, the increased polysome population contributes to 
net protein content of the cytoplasm and is supported 
by cytochemical observations [ 161. The extent of protein 
synthesis during the early stages of germination in 
long-lived conifers is of interest in establishing a forecast 
of seedling and hybrid vigor. 

Alter dialysis of the 80 S ribosomes from dry seeds 
against 30 FM MgCl, for 18 hr 1133 two sub-unit peaks 
with sedimentation coefficients of 40 S and 30 S were 
absented. Three minor bands were detected near the 
two main bands. Subunits from ribosomes of dry pea 
seeds also contained minor bands [l]. The hypothesis 
that the 3 minor peaks represent heterogeneity of the 
ribosomal sub-units rather than artifacts requires con- 
fvmation [2, 33. In our studies, the electrophoretic 
technique has proven useful to examine routinely the 
composition and changes in the ribosome populations 
of coniferous tissues. 

Cytoplasmic ribosomal proteins from dry and germinating 
seeds 

The basic proteins from cytoplasmic ribosomes in 
dry and germinating jack pine seeds are similar 
(Fig 1 (a and b)) Minor quantitative differences were 
observed. At 48 hr, an additional high M W protein was 
detected. During the development of angiosperms, 
changes have been observed in populations of ribosomal 
proteins. Ten-day-old corn (Zaa mnys) leaves when com- 
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Fig 1. Comparison of ribosomal proteins from dry and 48-m imbibed seeds. Ribosamea afjack pine were extracted 
for the ribosomal proteins with 0.4 M H,SO, Protein (200 ucB) was placed on 7.5 % urea-acetic acid polyacrylamide 
gels and electropharesis proceeded towards the cathode at 20” for 1.5 hr at 1.25 mA/gel. Gels were stained with 
aniline blue black and scanned at 615 nm (a) Dry seed preparation and(b) ribosomal proteins from 48-hr imbibed 

seeds. The arrow designates the extra protein found at this stage of germination. 

pared with two-day-old corn leaves contained four fewer 
ribosomal proteins [6]. The loss ofproteins was associated 
with a decrease in protein synthesis. 

Changes in the ribosomal proteins during germination 
of cotyledons of mung bean (Phaseolus aureus) were 
reported by Biswas [5]. In 6-hr imbibed cotyledons, 
levels of two ribosomal proteins decreased by 30% 
when compared with preparations from 24-hr cotyledons. 
Changes in the ribosomal proteins have been postulated 
to permit ribosomal recognition of specific types of 
mRNA. Other variations in the ribosomal proteins 
during growth and development result in part from 
specific gene expressions [ 173. The significance of minor 
changes in ribosomal proteins of jack pine during 
imbibition cannot be answered at present. 

Ribosomal proteins from the cytoplasm and chloroplasts 

Basic proteins of the chloroplast ribosomes from 14 
day-old jack pine seedlings, analyzed on urea-acetic 
acid gels, are shown in Fig. 2. Although the number of 
bands is similar to that in the cytoplasmic ribosomal 
proteins (Fig. 1 (a and b)), the profiles and electro- 
phoretic mobilities of the two sets of proteins are signifi- 
cantly different. Twenty-one bands had different eiectro- 
phoretic mobilities. The chloroplast ribosomes contained 
several proteins of higher mobility and had fewer 
bands of lower mobility than cytoplasmic preparations. 
Our results are consistent with reported differences 
between the chloroplast ribosomal proteins and the 
cytoplasmic ribosomal proteins in spinach (Spinacea 
oleracea) where the lack of homology was established 
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Fig 2. Basic ribosomal proteins of chloroplast ribosomes. 
Ribosomal proteins from chloroplasts of 14&y-old jack 
pine seedlings were analyxed on urea-acetic acid 7.5% poly- 
acrylamide gels. Electrophoresis for 1.5 hr at 1.25 mA/gel 

proceeded towards the cathode. 
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Table I. Estimated NWs of ribogomal proteins from the cyto- 
plasm and chioroplasts of I4-day-old jack pine seedlings. 
Electrophoresis employed the SDS method of gel preparation 

Ribosomal proteins Ribosomal proteins 
cytoplasm cytoplasts 

Protein MW(x 103)* Protein MW(x lo?)* 

I 82 I 65 
2 
3 : 

2 58 
3 54 

4 4 53 
5 :: 48 
6 45 z 42 
7 7 35 
8 :: 8 34 
9 34 9 32 

10 30 10 27 
11 
12 : 

11 
12 : 

13 20 13 18 
14 17 14 17 
IS 16 15 1.5 
16 15 16 13 
17 13.5 17 125 
18 13 18 12 
19 12 11 
20 ; 10 
21 :;s 21 9 
22 10 
WlNt 31.8 W,t 29.0 

* Mean of dupkte detonation. 
twl?i is the number average MW (total MWs of protein 

divided by the total number of proteins). 

by immunological tests and by two-dimensional electro- 
phoresis [ 18, 193. 

Jack pine chloroplasts from 14-day-old seedlings 
were judged by light microscopy to be free from nuclear 
and cytoplasmic fragments. Electrophoresis of RNA 
from chloroplast ribosomes did not reveal cytoplasmic 
25s and 18s RNA components. 

The ribosomal proteins of the cytoplasm and chloro- 
plasts of jack pine contained different complements of 
acidic proteins. Acidic proteins of cytoplasmic ribosomes 
were resolved into 3 faint bands. Chloroplast ribosomes 
gave at least 9 bands. In spinach [18] the acidic ribosomal 
proteins from chloroplasts separated into 11-12 bands 
compared with only a few faint bands from the cyto- 
plasmic ribosomes. In Eu&ru grucilis [20], 7 acidic 
proteins were observed in the chloroplast preparation 
and only 2 lightly staining components in the cytoplasmic 
preparation. The acidic ribosomal proteins from cyto- 
plasmic ribosomes of jack pine are similar to those of 
most eukaryotes, which contain only a few faint acidic 
ribosomal proteins [20]. 

The MWs of the basic ribosomal proteins (Table 1) 
calculated on SDS gels [21], range from 10 to 82 x lo3 
(cytoplasmic ribosomat proteins) and from 9 to 65 x 10’ 
(choloroplast ribosomal proteins). Five proteins between 
the two extracts had similar MWs. The chloroplast 
preparation had fewer proteins and had a lower W, 
(number average MW) than did the cytoplasmic ribo- 
somes. Similar results were observed in E. gracifis [20]. 
The cytoplasmic ribosomes had more proteins than the 
chloroplast ribosomes. Also ribosomal proteins of the 

cytoplasm had a higher W, than the ribosomal proteins 
from chloroplasts. In pea seeds [l] the ribosomaf 
proteins of the cytoplasm had a MW range of 10 to 
78 x IO3 with a WTN (60s sub-unit) of 34 and a W, 
(40s subunit) of 26. Most proteins varied from 10 to 
35 x 10’. The MWs of ribosomal proteins from jack 
pine are consistent with those in reports for other plants. 

R~osorn~ proteins of the Pinacme 

Ribosomal proteins have been reported to vary 
widely in composition among genetically distant species. 
However, proteins are similar over a wide range of 
species within the same class [22,23]. 

Ribosomal proteins of the Pinaceae followed this 
general rule (Fik 3(a-I)). Minor quantitative and qualita- 
tive differences were observed in ele~rophoretic profiles. 
Differences were more apparent among the higher MW 
proteins. The number of proteins is very similar, i.e. 
24-27 fractions. Arrows on the Figs indicate the absence 
of a protein when compared with the ribosomal protile 
for jack pine (Fig. la). In Abies balsumea three proteins 
were absent. 

For P. sfrobus the ribosomai proteins appeared 
identical in electrophoretic mobility to those from P. 
banksiana. However, co-electrophoresis of the two sets 
of proteins in the same gel should be done to obtain a 
more positive conclusion regarding identical mobility. 
Comparison of ribosomal proteins from Zea mays 
(Fig. 3g) with those from conifer seeds reveal significant 
differences. These included a larger number of proteins 
in Zea mays and also numerous quantitative differences. 

Strong similarities in the cytoplasmic ribosomal pro- 
teins of closely related angiosperms exist. Between 
members of the same family, such as kidney bean and 
lentil (Papilionaceae), the electrophoretic mobilities 
of the ribosomal proteins after two-dimensional electro- 
phoresis are believed identical, whereas numerous 
differences were found between members of two families 
such as maize (Gramineae) and lentil [22]. Our results 
with conifers extend these observations and are con- 
sistent with studies with other plants and animals that 
show a high degree of homology in the ribosomal pro- 
teins for closely related species. 

EXPERIMENTAL 

Materials and growth conditions. Tbe following seed lots of 
not leas than 95% germination at day 4 were obtained from 
Pctawawa Forest Experiment Station, Chalk River, Ontario 
Canada: jack pine (Pinus banksiana Lamb; Petawawa Plains, 
Ontario), white pine (Pinus strobes L.; Petawawa Plains, 
Ontario), lodgepole pine (Pinus contorta Do&.; Whitecourt, 
Albertah red pine (&IIS resinosa Ait.; Temagami, Ontario). 
limber Dim (pinus flexilis Jams: Montana), balsam fir (Abies 
b&at& [L:] Mill:; Petawawa Plains, On&o) and Douglas 
fir (Pseudotsuga menziesii [Mirb.] France; Pinetan, British 
Columbia). Corn seeds (Zea muys) with germination greater 
than 96% were purchased locally. Conifer seeds were surface- 
sterilii with 5 % Ca hypochlorite followed by washings with 
H,O and then incubated at 20’ under continuous light. Light 
energy supplied was 5.8, 4.9, and 2.4 pW/cm’ in the blue, red 
and far-red, respectively. Corn seeds were geminated in the dark 
at 20” for 4 days, after which entire shoots were excised, surface- 
sterilized and extracted for ribosomea. 

Preporhm of cytopfusmic ribosomes. Dry se&s or seedlings 
were homogenized at 4” in a Waring blendor at 60 V for 2 min 
with 4 vol. of buffering medium composed of 50 mM Tris-HCI 



1478 J.A. RTEL and D.J. DURZAN 

Or (0) 

I r’ 
1 
i 
I 

i” 

(b) 

i 

wnis rfrobLls 
PlmJ.5 flsxills 

i 
I 
d 
i i 

i 

1 I 
ii 

i 
1.25 mAI7.5 46 gel 190 min 

(-) 

LJu - 
1.23mA/7.5%gsl/90min 

* t-1 

.O,- 

‘, 
I- 

(cl) 

.L 

(c) 

i - 

Plnffs contQrtQ 

'.5 - 

0 I:i % 26 L. 
1.2SmA/f.b%gel /90 mln 

* (-) 1.25mA/7.5Y.gel /90min 
w t-1 



1.25mA/7.5%gel/90 mln f-1 

Zw moys 

1.25mA/7,S%gel/ 90 mln * t-1 

Fig. 3. Comparison of ribosomal proteins from several members 
of the Rnaceae. Basic ribosomal proteins from species of pine, 
fir and corn on urea-acetic acid polyacrylamide gels. The species 
are (a) Pimcs strobus, (b) Pinus Jexilis, (c) Pinus resinosa, (d) 
Pinus conforta, (e) Pseudotsuga menriesfi (Mirb.) France, (f) 
Abies balsamea (L.) Mill. and (g) Zea mays. 
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(PH 8.5) [24-263, 10 mM MgCI, 0.15 M KCL 6 mM 2-mercap- 
toethanol, 0.5 M sucrose and bentonite (0.4 mg/ml), which was 
prepared as described in ref. [27]. The homogenate was filtered 
through 4 layers of cheesecloth and two layers of Miracloth, 
and then centrifuged at 27C00 g for 15 min. The supematant 
was collected and made 2 % (v/v) with Triton X-100 and then 
centrifuged at 125OOOg for 3 hr at O--2”. The ribosome pellet 
was suspended by a loose-fitting homogenixer in the above 
extraction medium and pelleted through a 2-ml cushion of 2 M 
sucrose in buffer as above but moditied slightly to contain 
0.5 M KCl, as described in ref. [18]. After centrifugation at 
250000 g for 3 hr at O-2”, the pellet was washed once in the 
extraction medium and, atIer resuspension in the same buffer, 
stored at -60” until use. 

Preparation of chloroplast ribosomes. Cotyledons from 14- 
day-old jack pine seedlings were excised, washed with cold 
H,O [28], and then homogenized at 4” in a Waring blendor at 
60 V for 45 set with 5 vol. of buffer containing 0.1 M Tris-HCI 
(pH 8), IO mM MgCI,, 0.01% BSA, 6 mM 2-mercaptcethanol. 
and 0.7 M sucrose. The homogenate was filtered through 8 
layers of cheesecloth and then centrifuged at 800 g for 10 mm to 
sediment nuclei and cell debris. The resulting supematant was 
then centrifuged at O--2” for 20 min at 2300 g to obtain a crude 
chloroplast pellet. The chloroplasts were washed x 4 with the 
homogenization buffer by resuspension and centrifugation at 
2300 g. The final chloroplast pellet was suspended in the same 
buffer and mixed with 2 vol. of 75 % sucrose, also in the same 
buffer. The suspension was centrifuged at 76000 g for 1 hr ta 
remove unbroken cells, nuclei and other cytoplasmic contami- 
nants [19]. The layer of chloroplasts was removed and again 
purified by the flotation technique. Kibosomes were prepared 
by suspending the chloroplasts in grinding medium with 2% 
Triton X-100. After homogenization with a loosely fitted 
homogenixer at 4”. the homogenate was centrifuged at 27C00 g 
for 30min. The pellet was discarded and the supernatant 
centrifuged at 125OOOg for 3 hr. The ribosome pellet was sus- 
pended in grinding medium without sucrose and layered over 
a 2 ml-cushion of 40% sucrose in buffer containing 2% Triton 
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X-100 before ceotrifugatioo for 6 hr at O-2” at 250000 8. The 
chloroplast ribosomes were repelleted through dense sucrose 
and then stored at -60”. 

Isolation of ribosomal proteins. Ribosomes from dry seeds, 
48-hr imbibed seeds, 14-day-old cotyledons and Cday-old 
corn shoots were extracted with 0.4M H2S04 [29] at 4”. 
Insoluble RNA was removed by ceotrifugation at 27000 g for 
15 min. After re-extraction of the ppt., the supematants were 
combined and 4 vol. of cold EtOH were added to ppt. the pro- 
tein. Precipitation continued for 18 hr at -20”. Extractions 
with 66 “/, HOAc r301 and also a mixture of 4 M LiCl and 8 M 
urea were used. In the latter method the ribosomes were sus- 
Derided in 1 mM Tris-HCI (OH 7.8) bufFer and mixed with an 
&al vol. of 8 M urea4 M&l. After 18 hr precipitation the 
RNA was removed by ceotrifugation (2OooO Q) and the super- 
natant was dialyzed for 48 hr against 1 mM Tris-HCI (pH 7.8) 
buffer in 6 M urea and 5 mM mercaptcethanol. Proteins were 
re-precipitated with EtOH as above. 

Electrophoresis of ribosomal proteins. The urea-HOAc 
method was used for electrophoresis of the basic ribosomal 
proteins [31]. In all cases 7.5 % polyacrylamide gels were used. 
The gels were overlain with 200 pg of protein in 6 M ureaa. N 
HOAc containing 5 % sucrose and 6 mM 2-mercaptoethanol. 
After electrophoresis towards the cathode for 1.5 hr (1.25 mA/ 
gel), the gels were removed from the tubes and stained with 
0.5% aniline blue black in IO% HOAc. Gels were destained 
by difSusion with numerous washings with 10% HOAc and 
scanned at 615 om. MWs were determined by the SDS method 
of ref. [21]. Ribosomal proteins, pptd and washed with EtOH, 
were dissolved in 10 mM Pi buffer, pH 7. containing 1% SDS, 
1% 2-mercaptoethanol and 10% sucrose, and then placed at 
37’ for 2 hr. The gel soln contained 10 7; acrylamide, 0.27 “/, 
bisacrylamide, 0.1% SDS, 0.15 % TEMED and 0.075 % NH, 
persulfate in IO mM NaPi buffer (pH 7). Samples with 200 pg 
of ribosomal protein were applied lo gels and electrophoresis 
proceeded towards the anode at 5 mA/gel for 2 hr at room 
temp. with bromophenol blue as a marker. Protein standards 
used for MW determinations were: BSA, 68000; ovalbumin, 
46500; chymotrypsinogen A, 25 700; and cytochrome c. 
13500. Gels were removed and stained with 0.1% Coomassie 
brilliant blue in 45% EtOH-IO”/, HOAc for 15 min at 65”. 
Gels were destained by washings’at 65’ with a solo containing 
25% EtOH-10% HOAc. The MWs of the ribosomal proteins 
were calculated after plotting the relative distance of migration 
to tracking dye of the standards against the log of their MWs. 
Electrophoresis of the acidic ribosomal proteins was performed 
on discontinuous gels as dexribed in ref. [32]. Analysis was 
on pH 8.5,6 M urea 7.5 % polyacrylamide gels. Protein (200 pg) 
was applied to the gel and electrophoresis proceeded towards 
the anode at 5 mA/gel until the bromophenol blue tracking 
dye reached the end of the gel. Gel staining was with Coomassie 
brilliant blue as already described. 

Electrophoresis of ribosomes and ribowmal sub-units. Rib+ 
somes were analyzed on 2.2 % polyacrylamide gels [33] using 
recrystallized acrylamide and N,N’-methyleoe-bisacrylamide. 
Electrophoresis buffer and conditions were essentially those 
described in ref. [4]. Direction of migration was towards the 
anode at 5 mA/gel for 2 hr. Gels were removed and, after 
several washes with 7% HOAc, were scanned unstained at 
260 nm. Sub-units, obtained by dialyzing a ribosome suspension 
from dry jack pine seeds against 0.01 M Tris-HCI (pH 8) 
buffer containing 0.03 mM MgCI, for 18 hr. were fractionated 
on 2.2% polyacrylamide gels using the electrophoresis buffer 

containing Na PPi [l]. Protein content was determined with 
commercial BSA as a standard [34]. 

REFERENCES 

1. Thomas, H. (1973) Exp. Cell Res. 77,298. 
2. Talens, A, van Diggeleo, 0. P., Brongers, M., Popa, L. M. 

and Bosch, L. (1973) European J. Biocha. 37, 121. 
3. Littlechild, J. and Spencer. M. (1973) Biochemistry 12, 

3 102. 
4. Curgy, J.-J, Ledoigt, G, Stevens, B. J. and And& J. (1974) 

J. Cell Biol. 60. 628. 
5. Biswas, B. B. (i969) Arch. Biochem. Biophys. 132, 198. 
6. Lin. C. Y.. Travis. R. L.. Chia. L. S. Y. and Kev. J. L. (19731 

Phytochetkistry 1!2, 515.’ 
_I ~ I 

7. Schwartzbach, S. D., Freyssinet, G. and Schiff, J. A. (1974) 
Plant Physiol. 53, 533. 

8. Marcus, A., Feeley, J. and Volcani, T. (1966) Plant Physiol. 
41, 1167. 

9. App, A. A., Bulis, M. G. and McCarthy, W. J. (1971) Plant 
Physiol. 47,8 1. 

10. Weeks, D. P. and Marcus, A. (1971) B&him. Biophys. Acta 
232,671. 

11. Barker, G. R. and Rieber, M. (1%7) Biochem. 1. 105,1195. 
12. Fountain, D. W. and Bewley, J. D. (1973) Plant Physiol. 52, 

604. 
13. Shih, D. S., Adams, R. E. and Bamett, L. B. (1973) Phyto- 

chemistry 12, 263. 
14. Chug. N.-H., Bloebel G, Siekevitz, P. and Palad+ G. E. 

15. 

16. 

17. 
18. 

19. 

20. 
21. 
22. 

23. 

24. 
25. 
26. 

27. 

28 

29. 

30. 

31. 

32. 
33. 
34. 

(1973) Proc. Natl. Acad. Sci. U.S. 70, 1554. 
Harris, E. H. and Eisenstadt, J. M. (1971) Biochim. Biophys. 
Acta 232 167. 
Durzan, D. J., Mia, A. J. and Ramaiah, P. K. (1971) Can. J. 
Botany 49,927. 
Rodgers, A. (1973) Biochim Biophys. Acta 294,292. 
Gualerzi, C., Jaoda, H. G., Passow, H. and SttilTler, G. (1974) 
J. Biol. Chem. 249, 3347. 
Vascoocelos, A. C. L. and Bogorad, L. (1971) Blochim. 
Biophys. Acta 228,492 
Freyssioet, G. and Schiff, J. A. (1974) Plant Physiol. 53,543. 
Weber, K. and Osbom, M. (1969) J. Biol. Chem. 224,4406. 
Delaunay, J., Creusot, F. and Schapira, G. (1973) European 
J. Biochem. 39, 305. 
Delaunay, J. and Schapira, G. (1974) FEBS Letters 40, 
97. 
Hsiao, T. C. (1968) Plant Physiol. 43, 1355. 
Hsiao, T. C. (1970) Plant Physiol. 46. 281. 
Tester. C. F. and Dure III, L. (1966) Biochem. Biophys. Res. 
CommUn. 23,287. 
Hadziyev, D., Mehta, S. L. and Zalik, S. (1969) Can. J. 
Botany 47, 273. 
Mallery, C. H. and Melera, P. W. (1973) Plant Physiol. 51, 
1150. 
Prestayko, A. W., Klomp, G. R., Schmoll, D. J. and Busch, H. 
(1974) Biochemistry 13, 1945. 
Hardy, S. J. S., K~.~land, C. G., Voynow, P. and Mora, G. 
(1969) Biochemistry 8.2906. 
knyim, S. and Cl&&ley, R. (1969) Arch. Biochem. Biophys. 
130.337. 
Davis, B. J. (1964) Ann. N. I’. Acad. Sci. 121,404. 
Loeoing, U. E. (1967) Biochem J. 102,251. 
Lowry, 0. H., Rosebrough, N. J., Farr, A. L. and Randall, 
R. J. (1951) J. Biol. Chem. 193, 265. 


