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Abstract

Differences were demonstrated in the composition, electrophoretic patterns
of polypeptide chains and neutral sugar composition between vegetative
and gametic flagellum membranes of two strains (89 and 90) of Chlamydo-
monas reinhardtii.

INTRODUCTION

Under conditions of nitrogen starvation opposite mating type
vegetative cells of Chlamydomonas reinhardtii undergo gametogenic
differentiation to produce 'gametes’ which fuse to form a zygote.

As a consequence of this process the gametic flagella become charac-
teristically adhesive. This adhesiveness is lost when the gametes fuse
to form a zygote, or upon addition of ammonia or nitrate to the culture
medium (Kates and Jones, 1964). Wiese (1971) noted that whereas
proteases such as trypsin, subtilisin and pronase destroyed the adhesive
quality of gametic flagella, glycosidases such as mannosidase, galacto-
sidase and neuraminidase had no effect. No apparent differences in the
surface ultrastructure of gametic (adhesive) or vegetative (non-adhesive)
flagella were observed. However Bergman et al. (1975) and Snell
(1976) using freeze-cleave techniques suggested that there might be
differences in the density of intramembranous particles.

In the present paper some properties of gametic and vegetative
flagellum membranes are compared.

MATERIAL AND METHODS

Chlamydomonas reinhardtii strains 89 and 90 received from dr
R. F. Jones of Cellular and Comparative Biol. Dept., State Univ. of New
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York, Stony Brook were used. Cultures and gamete induction were
carried out according to Kates and Jones (1964).

Neutral sugars anaivses by gas-liquid chromatography of alditoi
acetate derivatives were performed according to Sefton and
Keegstra (1974) and Keegstra et al. (1975). Washed five times
with water freshly prepared membranes were lyophilized and subjected
to hydrolysis, reduction and acetylation. Myoinositol (10 wug per sample)
was added as an internal standard. Chromatography was performed on
a Hewlett-Packard Gas Chromatograph 5710 with flame ionization
detector and electronic (H-P. 3370B) integrator. Alditol acetates were
separated on a 1829 cm glass column packed with 1%/ OV-275 on
Gas Chrom Q. Samples were injected at column temperature 140°C.
After 4 min. the temperature was raised at a rate of 1°C/min. to the
final temperature of 210°C and was maintained for 8 min.

Calibration curves of the logarithm of molecular weight and migra-
tion distance in 5.6 and 7.5% polyacrylamide gel electrophoresis in the
presence of 0.1% SDS relations were obtained for some standard
proteins: vy-globulin, bhovine serum albumin, ovoalbumin, chymo-
trypsinogen and cytochrome c. Data for vy-globulin were obtained by
electrophoresis in nonreducing conditions.

Chemicals: bovine serum albumin, y-globulin (Plasma fraction II),
chymotrypsinogen were purchased from Sigma. Cytochrome c¢ [rom
Mann and standard monosaccharides from Calbiochem. OV-275 and
Gas Chrom Q were obtained from Applied Sci. Labs.

The other materials and methods have already been described
(Sikorski, 1979).

RESULTS AND DISCUSSION

Gametic flagellar membranes of strains (89 and 90) display decreased
relative protein and increased carbohydrate and phosphorus contents
when compared with the vegetative ones (Table 1).

Table 1

Protein, carbohydrate and phospholipid contents in Chlamydomonas flagellum membranes —
vegetative and gametic of strains 89 and 90. Data obtained for pelleted membranes. Protein was
determined according to Hartree (1972), sugars by the Dubois et al. (1956) procedure and
phosphorus according to Bartlétt (1958). In this analysis two assumptions were made — compo-
nents determined here represent total dry weight and phospholipid content = phosphorus content x 25

| Strain Protein | Carbohydrate |  Phospholipid ‘
I % % % i
— . - — |
| 89 vegetative 54.1 33.82 | 12.07 v
| 89 gametic . 48.91 ' 34.96 16.13
| 90 vegetative f 49.94 34,96 ' 15.10 !

| 90 gametic . 45.13 ' 37.95 ’ 16,92 |
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Figs 1, 2 and 3 present electrophorograms of membrane proteins of
89 and 90 vegetative and gametic flagellum membranes stained with
Coomassie blue and Shiff reagent.

Although the number of protein bands is the same in both strain
89 membrane types, a substantial decrease of fraction '4’ and increase
of fraction ’5’ in Coomassie blue staining is observed in gametic
membranes (Figs 1 and 2). The differences in polypeptide fractions
between the two membrane types of strain 90 (Fig. 3) also concern
fractions of intermediate molecular weight, namely, complete decay of
fraction '3’ and apperance of band ’'3a’ is observed. In both strains no
differences in PAS-possitive components distribution between gametic
and vegetative flagellar membranes were observed.

It should be noted that the differences in glycoprotein distribution
between strains 89 and 90 (both wvegetative and gametic) flagellar
membranes were observed. High molecular weight glycoprotein (fraction
'1") of strain 90 membranes was divided into two bands observed
also in Coomassie blue staining. In the case of strain 90 gametic
flagellum membranes bands '4’, ’5’ and '6’ are stained with Coomassie
blue very weakly and their mobilities were judged from radioactive
tracing of the gels in which %] labeled membranes were run.
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Fig. 1. SDS-polyacrylamide gel electrophoresis of strain 89 wvegetative flagellum
membranes. 5.6% gel, 0.1% SDS.

a — Coomassie blue staining — 100 ug of protein, b — PAS-positive components — 50 ug of
protein.

In Table 2 relative molecular weight values of individual membrane
polypeptide chains are shown. Some of those data were obtained for
isolated individual fractions run also in 7.5% gel. Aldose content in
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Fig. 2, SDS-polyacrylamide gel elecirophoresis of strain 89 gametic flagellum
membranes. 5.6% gel. 0.1% SDS.
a — Coomassie blue staining — 100 ug of protein; b — PAS-positive components — 50 ug of
protein.
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Fig. 3. SDS-polyacrylamide gel electrophoresis of strain 90 flagellum membranes.
5.6% gel, 0.1% SDS.
a — vegetative membranes, Coomassie blue staining — 100 u«g of protein; b — vegetative
membranes, PAS-positive components — 50 ug of protein; ¢ — gametic membranes, Coomassie
blue staining — 100 «g of protein.
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all four types of analysed membranes represents 60-65% of total
membrane sugar determined by phenol reagent. In all the analysed
membrane preparations the following hexoses were found: glucose,
galactose, mannose and rhamnose (Table 3). The relative glucose
content of strains 89 and 90 vegetative flagellum membranes is 43.7
and 43.2%, respectively, whereas for gametic ones 58.1 and 49.1%.
Mannose content shows an inverse relation — for strain 89 vegetative
flagellum membranes 33.95% and for gametic ones 24.6%, and for strain
90 — 36.99 and 25.45% respectively. Galactose and rhamnose contents
show no evident regularity. It should be noted that no qualitative
differences in aldose composition were found.

Table 2

Relative molecular weight values of individual polypeptide fractions determined on the basis of
their mobility in 5.6 polyacrylamide gel in the presence of 0.1%; SDS

Strain 89 Strain 90
. . 5 r . ) 5
Fraction Molecular weight 10 Fraction Molecular weight < 10
no. | Vegetative Gametes no. Vegetative Gametes |
1 1.73 1.73 la ! 2.0 2.0 l
2 1.258 1.202 1b 1.73 1.73
3 0.977 0977 0.777* 2 1.38 1.38
4 0.602 0.602 0.575* 3 0.832 5 —
5 0.302 0.302 0.372:0.28* 3a - | 0.562
6 0.151 0.151 4 0.416 ; 0.363 |
|
Tubulin 0.537 0.560*% 0.537* 5 0.229 0.229 :
6 0.141 0.141 |

* __ data for some isolated fractions obtained from 7.57%, gel electrophoresis.

Table 3

Neutral sugars centent in flagellum membranes of vegetative and gametic cells of strains 89 and
90 Ch. reinhardtii, analysed by gas-liquid chromatography of alditol acetates. Details in Material
and methods. Average of analyses of two preparations

Strain Glucose Galactose Mannose Rhamnose
Y %% | % Ya
89 vegetative 43.73 17.89 ; 33.95 j 4.43
89 gametic 58.14 15.70 ! 24.61 1.55
90 vegetative 4322 14 85 36.99 4.94
90 gametic 49.07 18.91 25.45 6.57

The data presented here connected with other studies particularly
of Snell (1976) and Bergman et al. (1975) supplement the picture
of events occurring in the membrane during gametogenesis.
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Electrophoretic determination of molecular weight is of rather re-
lative value, particularly in the case of glycoproteins (Javaid and
Winzler 1974), but it is very useful in comparative studies.

The changes observed in electrophoretic patterns of flagellum
membrane polypeptides seem to be in good agreement with the data
of Snell (1976), who observed an additional band migrating in the
same region in the case of (plus) 'gamone’ electrophoretic analysis.

It should be noted that the results presented here concerned
membranes isolated from flagella and were connected with both mating
types.

In this study it was shown that Chlamydomonas flagellum mem-
branes contain glucose, galactose, mannose and rhamnose. Comparative
analysis of neutral sugar content demonstrated considerable differences
in their quantities between gametic and vegetative flagella membranes

One could suppose that changes in sugar composition concerned
specific synthesis and/or modification of glycoprotein or glycolipid
surface receptors of the flagellum membrane. On the other hand, it
is possible that the changes observed in the electrophoretic patterns
were the consequence of specific glycosyl transferase or glycosidace
appearance if the hypothesis of Roseman (1970) or specific lectin if
the suggestion of Ashwell and Morell (1977) are accepted.

In the previous report (Sikorski, 1979) the data suggesting loca-
tion of fraction ’5’ on the external surface of the flagellum membrane
of vegetative cells of Chlamydomonas reinhardtii strain 89 were pre-
sented. An increased amount of this fraction found during gametogenesis
would suggest its receptor function and participation in the mating
process.
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Btony wici komorek wegetatywnych i gamet
u Chlemydomonas reinhardtii

Streszczenie

Wykazano réznice w skladzie, obrazach elektroforetycznych bialek oraz zawar-
tosci cukréow obojetnych pomiedzy blonami wici komoérek wegetatywnych i gamet
dwu szczepow (89 i 90) Chlomydomonas reinhardtii.
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