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Ahatraet-Hydroxyproline-rich glycoprotein was isolated from the used media of tobacco XD-6 cells cultured in 
suspension and purified by repeated ion exchange and gel filtration-chromatography. The preparation was judged 
to be homogeneous from ultracentrifugation and isoelectric focusing The dry wt of the glycoprotein was composed 
of 94 y0 polysaccharide and 6 y0 protein. Hydroxyprolme accounted for 23 y0 of the amino acids in the protein moiety. 
The polysaccharide moiety consisted of 44 % galactose, 30 % arabinose, 5 % rhamnose, and 21% uranic acid About 
10% of the uranic acid residues were present as methyl esters. 

INTQODUCllON 

It is known that in higher plants cell walls have hydroxy- 
proline containing glycoproteins. The glycoproteins are 
the main component of noncellulosic macromolecules in 
the cell wall along with polysaccharides. Researchers in 
many botanical fields have investigated the glyco- 
proteins [l-7]. 

It is also well known that hydroxyprolinecontaining 
macromolecules accumulate in the media when plant 
cells are cultured in suspension [S-lo]. Although 
knowledge of the glycoproteins has increased, types of 
molecules constituting the glycoproteins have not yet 
been made clear, nor is the relation of both known. 
Difftculties may occur in purifying the cell wall compo- 
nents, since chemical and enxymic treatment used in the 
extraction result in the destruction of the chemical 
structure of the components. 

Separation of the glycoproteins from the used media is 
comparatively easy and this is a favourable method for 
studying not only glycoprotein accumulating in media 
but also those situated in cell walls In order to determine 
which kinds of glycoproteins accumulated in the media, 
we purified these using ion exchange and gel ftltration- 
chromatography. In this paper we present the results of 
such analyses. 

BESULTB AND DISCUSSION 

The crude extract from the culture medium was applied 
to a DEAE-cellulose column and the macromolecules 
separated into 3 fractions. The fust was eluted at a non- 
absorbing region, a second with 70mM NaCl, and a 
third with 250 mM NaCl. The second fraction contained 
hydroxyproline, pentose, hexose and uranic acid, neither 
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of the other two fractions contained hydroxyproline. 
Since it was rich in uranic acid, the third fraction seemed 
to a pectic substance. The second fraction was concen- 
trated by evaporation and applied to Sephadex G-200. 
The hydroxyprolinecontaining macromolecules (hyp- 
macromolecules) appeared at the void volume as a 
single peak. Pentose, hexose, and uranic acid were also 
detected in this region. The hydroxyproline-containing 
eluate was concentrated and applied to a Sepharose 4B 
column. The hyp-macromolecules appeared again at the 
void volume as a single peak together with pentose, 
hexose, and uranic acid. In order to check whether the 
hyp-macromolecules which passed through the Sepharose 
4B column were in fact a single substance or not, they 
were examined again on a DEAE-cellulose column. The 
preparation produced a single peak and eluted at 70 mM 
NaCl. In this fraction, pentose, hexose., and uranic acid 
were also detected. The protein peak (A at 280nm) 
coincided in position with the hydroxyproline peak (thus, 
this preparation is thought to be a hydroxyproline- 
containing glycoprotein ‘hyp-glycoprotein’). The eluate 
was dialyzed against water for 24 hr. The dialysate 
designated as the purified extract was examined using 
isoelectric focusing chromatography in 100 ml of 0 to 50 % 
discontinuous sucrose gradient with 2.4 % carrier ampho- 
lytes (LKB. 40% pH 3.5-10). The hyp-glycoprotein was 
eluted as a single symmetrical peak atpH 2.5. The purified 
extract solution was altered to O.lSM NaCl solution by 
addition of solid NaCl and then centrifuged at 59 800 rpm 
at 19.4” with Spinco model E (Beckman). A single 
symmetrical peak is observed The S,,,., value was 
calculated as 5.8 x lo- 13/sec. Results indicate that this 
hyp-glycoprotem may be homogeneous in regard to 
molecular size. The MW of the hyp-glycoprotein was 

estimated to be larger than 5 x lo6 from the Sepharose 
4B-gelfiltration. However it is difficult to determine the 
MW from the elution point of a gel filtration, since the 
elution point varies erratically according to the molecular 
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Table 1. Protein and sugar content of the purified hyp-glyco- 
protein 

Component 

Amount of Recovery of Relative 
component component recovery of 

(PE) (%) component 

(o/o) 

Original material 7270 (10) - 
Protein 436 6 6 
Galactose 2850 39 41 
Arabinose 1940 26 28 
RhamAose 307 
Uranic acid 1370 I: 

5 
20 

Total recovery 6900 95 100 

shape. Assuming that the glycoprotein has a rod like 
shape, the MW is estimated to be ccl 600 Ooo from the S 
value. 

The purified hyp-glycoprotein was analyzed for 
protein and sugar composition (Table 1). The prepararion 
was composed of 94 % polysaccharide substances and 6 % 
protein. The sugar moiety was composed mainly of 
galactose, arabinose and a small amount of rhamnose. 
Uranic acid (as galacturonic acid) accounted for cu 20% 
of the total amount of sugars. About 10% of the uranic 
acid residue-s were present as Me esters. 

Some researchers have reported that the sugar moiety 
of the macromolecules containing hydroxyproline ex- 
tracted from culture media of pfant cells is composed of 
galactose, arabinose. xylose, mannose and a small amount 
of fucose, rhamnose, and uranic acid [S, IO]. However 
our purified hyp-glycoprotein was composed only of 
galactose, arabinose, rhamnose., and uranic acid Extra- 
cellular macromolecules which accumulated in culture 
medium contain such molecules as extracellular enzyme, 
pectic substances, xylogfucan, glycomanna~ and others. 
Consequently, to clarify the composition of the hyp- 
glycoproteins it is essential to purify them using ‘non 
severe’ techniques. 

Results of amino acid analysis are given in Table 2. 
Hydroxyproiine accounted for 24% of the total number 

Table 2. Amino a~d~mposit~on of the purified hyp-glyco- 
protein. Amino acids are expressed as number of residues par 

1000 recovered amino acids 

Amino acid Residues/1000 

Aspartic acid 33 
Threonine 93 
Serine I48 
Glutamic acid 53 
Hydroxyproline 238 
Proline 53 
Glycine 58 
Alanine 213 
Cystein not detected 
Valine 55 
Methionine 5 
Isoleucine 9 
Leucine 19 
Tyrosine trace 
Phenylalanine not detected 
Lysine 21 
Histidine trace 
Arginine not detected 

of amino acids. Serine, which plays the role of binding- 
site to sugar side-chains [S], and threonine, which is 
thought to be have the same function [2], accounted for 
15 % and 9 % respectively. A high content of afanine (21 yd 
is one of the characteristics of the hy~-glyco~rotein. Our 
results agree with those of amino acid analysis, and 
protein- and sugar-content with the exception of proline, 
reported by Lamport [2] on hydroxyproline-rich protein- 
polysaccharideq extracted from TCA-solublecytopfasmic 
fractions. One of the authors also obtained hydroxypro- 
line-containing macromolecules from ethanol-insoluble 
cytoplasmic fractions of cultured tobacco cells. These 
macromolecules are also similar to the purified hyp-gfyco- 
protein in sugar and protein content (unpublish~ data). 
The relation between extracellular and intracellular hyp- 
glycoproteins is not known. 

Recently, Jermyn and May Yeow [1 I] studied the 
&tins extracted from the seeds of both angiosperms and 
gymnosperms. Some of these lectins closely agree with 
extracelfular hyp-glycoprotein in regard to amino acids 
CornpositIon, carbohydrate: protein ratio and sugar 
composition. Kauss and Bowles [ 121 speculated that a 
lectin plays an important role in the assembly of cell 
wall carbohydrates and that a decrease of lectin activity 
brings a loosening of the cell wall. 

EXPERIMENTAL 

Cell culture and extraction procedure. Tobttm X0-6 &IS 
were cultured in 5OOml llasks each containing 12Oml of 
modified Murashige and Skoog’s medium for 7 to IQ day’s as 
previously described [ 13 3. The media used (2.5 1.) was separated 
from the cells by filtration. An equal vol. of cold EtOH was 
added to the filtrate and the mixture allowed to stand 18 hr at 
2”. The resulting ppt. was collected by eentrifugation and 
suspended in 30 ml H,O. This suspension was coned to 6 ml at 
37” and resuspended in 50 ml of M N&I using a homogenizer. 
Insoluble residues were sedimented by centrifugation and 
discarded. NaCl extraction was repeated x 3. The extract was 
concxl to ca 40 ml at 37 , dialyzed against 5 I. of IO mM Tris-HCl 
(pH 8.5) for 30 hr at 4” during which the buffer was changed x 3 ; 
the dialysate was designs& as the crude extract. 

Column chromazog~aphy. DEAE-ceIiulose was equilibrated 
with IO mM Tris-HCI (pH 8.5) and elured using a linear gradient 
of NaCl in the same buffer (O-O.8 M, 400 mI or o-O.5 M, 200 ml). 
Sephadex G-200 and Sepharos: 4B were equilibrated with the 
same buffer, and eluted at a flow rate of 10 ml/hr. 

Chemical analysis. Hydroxyproline was determined by the 
method of ref. [14] after hydrolysis of the macromolecules 
according to ref. [ 1 S]. Pentose was determined by the method of 
ref. 1163. using arabinose as standard Hexose was determined 
by the method of ref. [17] using glucose as standard Uranic 
acid was determined by the method of ref. [IS]. using galac- 
turonic acid as a standard. The degree of esterification of uranic 
acid was determined by a method of ref. [19]. Protein was 
determined by the method of ref. f201, using BSA as standard. 

GLC. For determination of neu&aisugarcontenf the sample 
was hydrolyzed with N H,SO, in a sealed Me at 110” for 4 hr. 
The hydroiysate was neutralized with satd Ba(OH), and centri- 
fuged to sediment insoluble BaSO, The supernatant was passed 
through a Dowex 50 WX4 (H+) column. Neutral sugars in 
the eluate were determined by GLC. 

Determinmion ofamino acids. The same sampk was hydrolyzed 
with 6N HCI in a sealed tube at 1 IO” for 20 hr. The hydrolysate 
was dried, dissolved in H,O, and passed through a Dowex 
50 WX4 (H*) column. Amino acids were applied to an amino 
acid analyzer. 

U~rrace~~j~~~j~ Mafysis ~dimen~tion velocity expts 
were conducted using a Beckman-Spinco Model E. 



Glycoprotein of tobacco suspension culture 1487 

Acknowledgement~The authors wish to thank Professor S. 
Sasaki Hokkaido Universitv and Dr. S. Usami for their helaful 
advice. We are also grateful to Dr. J. Ishizy University of To&o, 
for operating the amino acid analyzer and to Associate Pro- 
fessor M. Ma& Saitama University, for kindly carrying out 
the GLC. We wish to thank Dr. K_ Yoshida, associate Pro- 
fessor of Rikkyo University, for his helpful advia during the 
course of this work. We also wish to thank associate Professor 
T. Fujii, Tsukuba University for his invaluable advia in pre- 
paring the manuscript. 

REpEEENCL9 

1. Lamport, D. T. A. (1965) Adwn Bat. Res. Z 151. 
2. Lamport. 0. T. A. (1970) Ann Rev. P&m Physiol. 21,235. 
3. Kuttan, R. and Radhakrishnan, A. N. (1973) Advan. Enzymoi. 

37,273. 
4. Albershcim, P, Baucr, D, Keeastra, K. and Talmadac K. W. 

(1973) in Biogenesis oj Plti Cell Wall PolysaEhorides 
(Loewua F. cd.) D. 117. Academic Press, New York. 

5. Lamport, D. T: A.. ibid 149. 

6. sadava, D. and Chrispeele, M. J. ibid 165. 
7. Chrispdq M. J. (1976) Ann Reu. Plant Physiol. 27 19. 
8. Lang, W. C and Chrispeel~ M. J. (1976) Plunm 129,183. 
9. Olson, A. C, Evans, J. J., Fredricb, D. P. and James E F. 

(1969) P/on! PhysioL 44, 1594. 
10. Burke. D, Kaufman. P, McNeiL M. and Albersheim P. 

(1974)54,109. 
11. Jermyn, M. A. and May Yeow, Y. (1975) Austraiim J. Plant 

Physiol. 2 501. 
12. Kauss, H. and Bowles, D. J. (1976) Plonta 130, 169. 
13. Ueki K. and Sate. S. (1971) PhysioL Plant- 24, 506. 
14. Kivirikko, K. I. (1963) Acta Physiol. Stand, Suppl. 219, 1. 
IS. Hirs. C. H. W, Moore, P. S. and Stein. W. H. (1962) J. Biol. 

Chem 237, 1585. 
16. Dische. D. and Borenfreund, E. (1957) Biochinr. Biophys. 

Acta 24.87. 
17. Trevelyan, W. E and Harrison, J. S. (1971) Biochem J. 50, 

298. 
18. Bitter, T. and Muir, H. (1962) Anal. Eiochem 4, 330. 
19. Wood, P. J. and Siddiqui, I. R (1971) And. Bfochem 39, 

418. 
20. Lowry, 0. H, Rosebrough, N. J, Farr, A. L and RandalL R, J. 

(1951) J. BioI. Chem. 193,265. 


