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Arabinogalactan-Protein from Lolium multiflorum'

Received for publication April 10, 1984

GERRIT-JAN VAN HOLST2 AND GEOFFREY B. FINCHER*
Plant Biology Program, Department ofBiology, Washington University, St. Louis, Missouri 63130
(G. J. v. H.); and Department ofBiochemistry, La Trobe University, Bundoora, Victoria 3083, Australia
(G. B. F.)

ABSTRACF

Circular dichroism spectr of the arabinogalactan-protein from sus-
pension-cultured Lolium multiflorum (ryegrass) endosperm cells dem-
onstrate the presence of polyproline II conformation in the protein moiety
of the proteoglycan. Subject to a number of theoretical and practical
constraints of the method, it can be estimated that at least 30% of the
protein component is in this conformation.

Hydroxyproline-rich proteins are widely distributed in higher
plants, where they are found as constituents of arabinogalactan-
proteins, cell wall glycoproteins, and in certain lectins of the
Solanaceae (11). The hydroxyproline-rich cell wall glycoprotein
from carrot has been shown by circular dichrometry to exist in
the polyproline II conformation (17), which consists of a left-
handed helix of three residues per turn and a rise for residue of
0.31 nm (15). Based on optical rotary dispersion measurements,
it has been suggested that lectins of the Solanaceae also contain
polyproline II conformation (1, 7).

In contrast, there is no information on the conformation of
the protein component of arabinogalactan-proteins, although it
has been observed that only substrates capable of forming a
polyproline II helix are hydroxylated by the peptidyl prolyl
hydroxylase involved in arabinogalactan-protein biosynthesis in
suspension-cultured ryegrass (Lolium multiflorum) endosperm
cells (6). This has led to the suggestion that the protein moiety
of the ryegrass arabinogalactan-protein might have regions of
polyproline II conformation (6). Here we use circular dichroism
spectra to provide evidence for this.

MATERIAIS AND METHODS

Purification of Arabinogalactan-Protein. Liquid suspension-
cultures of ryegrass (Lolium muliflorum) endosperm cells were
maintained in the dark at 28°C on a modified White's medium
containing 4% (w/v) sucrose (16). The arabinogalactan-protein
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was isolated from the medium by affinity chromatography on
myeloma protein J539-Sepharose (3). Its monosaccharide com-
position, mol wt, polysaccharide structure, and amino acid com-
position were the same as the preparation isolated by Anderson
et al. (2). Detection of a single peak of density 1.66 g/ml after
equilibrium ultracentrifugation on a CsCl density gradient (10)
indicated that the preparation contained no free protein contam-
inants.

Circular Dichrometry. To examine the conformation of the
protein moiety in the native and 'denatured' forms, circular
dichroism spectra were measured under nitrogen at 20°C and
75C using a Jasco-Durrum J-20 sppolarimeter calibrated
as described previously (18). The protein concentration in each
sample was calculated from the hydroxyproline content (8) and
amino acid composition (15% mol/mol hydroxyproline) (2). The
error in the protein determination was ±3%. Data are expressed
as mean amino acid residue ellipticity, [0J, in degrees.cm2-
dmol-'.
To compare the spectrum obtained at 20C with that at 75C

it is necessary to correct for the effects of broadening of the
circular dichroism bands, evaporation, and expansion of the
cuvette on heating. The magnitude of these effects was deter-
mined by comparing spectra of a solution of D-camphor-10-
sulfonic acid in water at 20C and 75C (5). Differences in the
two spectra were within experimental error (±5%).

RESULTS AND DISCUSSION
The circular dichroism spectrum of the ryegrass arabinoga-

lactan-protein at 20C shows a single trough at 200 nm ([O]
-21,000) and an inflection at about 220 nm (Fig. 1); the latter
suggests there is a minor band at about 220 to 225 nm ([1222
-3,300). The circular dichroism of the arabinogalactan chains
does not interfere with the peptide circular dichroism in the 195
to 240 nm region (12, 17).

Since only extended, helical conformations of the polyproline
II type and unordered protein conformations exhibit negative
ellipticity near 200 nm (9, 13), it is likely that in the arabinoga-
lactan-protein these conformations predominate over other or-
dered structures such as a-helices, a-sheets, and ,B-turns, all of
which exhibit positive ellipticity at 200 nm (4).
Extended protein structures ofthe polyproline II conformation

can be distinguished from unordered structures by the magnitude
of the negative ellipticity in the 200 nm region. Thus, most
denatured conformations have a minimum value for [0] of
-10,000 to -12,000 degrees cm2.dmol' (9) while proteins con-
taining a high proportion of polyproline II conformation show
an ellipticity ofapproximately -45,000 to -50,000 degrees cm2.
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FIG. 1. Circular dichroism of arabinogalactan protein at 20'C and

75°C. Spectra of arabinogalactin protein in water recorded at 20-C
(-) and at 75C ---

dmol'I (14, 17).
There are a number of difficulties and limitations in assessing

the conformation of proteins containing polyproline II helices
from circular dichroism spectra (12). However, using the value
of [O] -1 1,300 for denatured collagen as a reference for unor-
dered structures (14) and a value of [0] -46,000 as a reference
ellipticity for polyproline II conformation (17), it can be esti-
mated that the minimum ellipticity of [0] -21,000 for the
protein from arabinogalactan-protein (Fig. 1) corresponds to
about 30% of the protein in the polyproline II conformation. If
the arabinogalactan-protein contains a-helical, ,B-sheet, or ,l-tum
conformations, which would contribute positive ellipticities at
200 nm, the content of polyproline II helix will be higher than
30%. Indeed, the absence of the characteristic positive ellipticity
at 220 to 230 nm for polyproline type II helices (12, 14) and the
inflection in the curve at 220 nm (Fig. 1), may be due to the
negative ellipticities of other types of ordered structures in this
region (4, 12). However, the data do not allow an identification
of these possible conformations.
The spectrum ofthe arabinogalactan-protein recorded at 75C

shows an increase in the ellipticity in the 200 nm region to [0]
-18,000, a small shift of the minimum to longer wavelengths,
and a decrease in ellipticity at about 200 nm when compared
with the spectrum recorded at 20C (Fig. 1). Each ofthese changes
is observed during the transition from an extended polyproline
II conformation to an unordered structure at elevated tempera-
tures in the carrot cell wall glycoprotein (17), poly(glycyl-prolyl-
alanine) (5) and collagen (14). However, the ellipticity at 200 nm
does not increase to the values of -10,000 to -12,000 degrees-

cm2*dmolV' reported for fully denatured proteins. The apparent
resistance of the polyproline II conformation of complete dena-
turation at 75C has also been observed with the carrot cell wall
glycoprotein and with synthetic poly(hydroxyproline) (17).
The circular dichroism spectrum for the ryegrass arabinogalac-

tan-protein measured at 20C (Fig. 1) is very similar to that
obtained for the major cell wall glycoprotein from Chiamydo-
monas reinhardii (12), indicating that protein conformation is
similar in both. However, the spectrum differs significantly from
that obtained with the carrot cell wall glycoprotein ( 17).

Interpretation of the circular dichroism data for the ryegrass
arabinogalactan-protein in terms of polyproline II conformation
in the protein component of the macromolecule is consistent
with the observation that the peptidyl prolyl hydroxylase in-
volved in its biosynthesis is specific for synthetic peptides con-
taining the same conformation (6).

Acknowledgments-We thank Professor J. E. Varner for support and Mr. Peter
Cohen for isolating the arabinogalactan-protein. We also thank Dr. M. Potter,
National Institutes of Health, Bethesda, MD, for providing mice bearing the J539
tumor, Drs. M. and A. M. Holtzer for access to the spectropolarimeter, and Dr. A.
Bacic for critically reviewing the manuscript.

LITERATURE CITED
1. ALLEN AK, NN DESAI, A NEUBERGER, JM CREETH 1978 Properties of potato

lectin and the nature of its glycoprotein linkages. Biochem J 171: 665-674
2. ANDERSON RL, AE CLARKE, MA JERMYN, RB KNOX, BA STONE 1977 A

carbohydrate-binding arabinogalactan-protein from liquid suspension cul-
tures of endosperm from Lolium multiflorum. Aust J Plant Physiol 4: 143-
158

3. ANDREW IG, BA STONE 1983 Affinity chromatography of arabinogalactan-
proteins. Carbohydr Polymers 3: 227-238

4. BRAHMS S, J BRAHMS 1980 Determination of protein secondary structure in
solution by vacuum ultraviolet circular dichroism. J Mol Biol 138: 149-178

5. BROWN FR, JP CARVER, ER BLOUT 1969 Low temperature circular dichroism
of poly(glycyl-L-prolyl-L-alanine). J Mol Biol 39: 307-313

6. COHEN PB, A SCHIBECI, GB FINCHER 1983 Biosynthesis of arabinogalactan-
protein in Lolium multiflorum (ryegrass) endosperm cells. III. Subcellular
distribution of prolyl hydroxylase. Plant Physiol 72: 754-758

7. DEsAi NN, AK ALLEN, A NEUBERGER 1981 Same properties ofthe lectin from
Datura stramonium (thorn apple) and the nature of its glycoprotein linkages.
Biochem J 197: 345-353

8. DROZDZ M, E KUCHARZ, J SZYJA 1976 A colorimetric micromethod for
determination ofhydroxyproline in blood serum. Z Med Labortech 17: 163-
171

9. FASMAN GD, H HovING, SN TIMASHEFF 1970 Circular dichroism of polypep-
tide and protein conformations. Film studies. Biochemistry 9: 3316-3324

10. FINCHER GB, WH SAWYER, BA STONE 1974 Chemical and physical properties
of an arabinogalactin-peptide from wheat endosperm. Biochem J 139: 535-
545

1 1. FINCHER GB, BA STONE, AE CLARKE 1983 Arabinogalactin-proteins: structure,
biosynthesis and function. Annu Rev Plant Physiol 34: 47-70

12. HOMER RB, K ROBERTS 1979 Glycoprotein conformation in plant cell walls.
Circular dichroism reveals a polyproline II structure. Planta 146: 217-222

13. KRIMM S, ML TIFFANY 1974 The circular dichroism spectrum and structure
of unordered polypeptides and proteins. Isr J Chem 12: 189-200

14. PIEZ KA, MR SHERMAN 1970 Characterization of the product formed by
renaturation of al-CB2, a small peptide from collagen. Biochemistry 9:
4129-4133

15. SASISEKHARAN V 1959 Structure of poly-L-proline II. Acta Crystallogr 12:
897-903

16. SMITH MM, BA STONE 1973 Studies on Lolium multiflorum endosperm in
tissue culture. 1. Nutrition. Aust J Biol Sci 26: 123-133

17. VAN HOIsT GJ, JE VARNER 1984 Reinforced polyproline II conformation in
hydroxyproline-rich cell wall glycoprotein from carrot root. Plant Physiol
74: 247-25 1

1164 Plant Physiol. Vol. 75, 1984


