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ABSTRACT 

Studies in Plasma Membrane Protein in a 

Neuro snore, erassa Mutant 

By Merry Chin-rnei Chang 

After a review on studies on membrane structural 

protein, the purpose of isolating plasma membrane protein 

in a ITeurpsppra erassa mutant was stated. 

An aggregate containing protein, lipid and carbo¬ 

hydrate with high content of amino acids with non-polar 

side chains and lov; content of aspartate and glutamate 

has been isolated and studied with gel filtration, electro¬ 

phoresis and amino acid analysis techniques. It has a 

molecular weight of about 2,300,000 as estimated by gel 

filtration. From amino acid analysis, a lipid-carbohydrate- 

free subunit has been calculated to have a molecular 'weight 

of 63,500. According to the calculation, the aggregate 

contained 14 subunits. 
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INTRODUCTION' 

Membrane biology presently occupies a central position 

in modern biology. In recent years, biologists have been 

increasingly concerned with membrane functions that involve 

protein biosynthesis; energy transduction; transport of ammo 

acids, sugar and other small molecules; flow of water; main¬ 

tenance of specific ion balance; pinocytosis and phagocytosis; 

a variety of reactions of intermediary metabolism; cellular 

organization and control of growth and division* 

At the present stage of knowledge, statements relating 

membrane structure to membrane function are only speculative 

since very little is known about the structure. Detailed 

information as to what structural elements are responsible 

for the respective functions is lacking. To study the re¬ 

lations between structure and functions, studies on chemical 

composition of membranes are indispensable. Much recent atten¬ 

tion has been given to the chemical composition of the plasma 

membrane,especially the isolation of the macromolecular 

components and the relationships between the different macro- 

molecular components of these membrane (Weibull and BergstrBm, 

1953; Gilby et al, 1953; Hunter et al, 1961; Yudkin, 1962; 

Kodicek, 1962; Dodge et al, 1963; Shockman et al, 1963; 

Freimer, 1963; Ibbott and Abrams,. 1964; Emmelot et al, 1964; 

Vorbeck and I-larnetti, 1965; Boulton, 1965; I-Iizushima et al, 1966). 
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One membrane structure hypothesis that has been -widely 

accepted is Robertson1s (1959) concept of the unit membrane. 

This theory is a skillful interpretation of electron micro¬ 

scopic and x-ray diffraction data in terms of the ingenious 

paucimolecular model of membrane structure deduced by 

Danielli and Davson (1935) from permeability, surface tension 

and electrical conductivity measurements. The unit membrane 

theory has two aspects. First, there is one basic structure 

to which all cell membranes, or most portions of all cell 

membranes conform. Second, this structure consists of a bi- 

molecular leaflet of phospholipids whose non-polar portions, 

mainly fatty acyl chains, are inwardly oriented and perpen¬ 

dicular to the plane of the membrane. The. polar moieties 

of the phospholipids comprise the external surface of the 

bimolecular leaflet and are covered by a layer of protein 

and, perhaps, some carbohydrate. 

Membranes differ somewhat in chemical composition, 

metabolic functions, enzymatic composition and even in their 

electromicroscopic image. A major similarity is a character¬ 

istic three-banded structure revealed by electron microscopy.. 

Model systems can be assembled whose components closely resemble 

those of the biological membrane. The membrane structure is an 

aggregation of lipoprotein (Green and Hechter, 1965; Green and 

Perdue, 1966) which is composed of structural protein (Green 

et al, 196la). This structural protein is primarily responsible 



-3- 

for the integrity of the membrane. To this is attached 

lipid which is bound to the structural protein chiefly 

through hydrophobic bonds (Gyenes and Sehon, I960; 

Fleischer et al, 1963) and in a micellar from (Tanford 

et al, I960; Richardson et al, 1963). Pioneering work on 

this area has been carried out on mitochondrial membranes, 

in which correlation of structures and functions on an 

electron microscopic level and on a biological and chemical 

level have been performed on a repeating unit. D. E. Green 

and his colleagues (1961b) and Criddle et al (1962,.1966) 

have isolated and characterized the structural protein from 

beef heart mitochondria. In addition, a structural unit 

from myelin sheaths has been studied by Gent et al (1964). 

In the earlier studies on plasma membrane, much has 

been done on the erythrocyte because of its '-'simplicity. 

A review on historical aspects of studies on “ghosts”, a 

term used in preference to ‘‘membrane” for the description 

of the delicate discoid bodies obtained after the removal 

of the hemoglobin from the erythrocytes, has been presented 

by Ponder (1946). Koskowitz and Calvin (1952) isolated from 

human erythrocyte ghosts a large component, elinin, with a 

molecular weight of 4x10?. This component was found to 

contain protein, carbohydrate and lipid. Dodge et al (1963)> 

using a modified procedure in which erythrocytes hemolyzed 

as the salt concentration or osmotic strength of the 
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environraent decreased, obtained hemoglobin-free ghosts of 

human erythrocytes. Aggregates of membrane protein having 

a molecular weight of around 300,000 were solubilized 

with butanol from ox erythrocytes (Maddy, 1966). Morgan 

and Hanahan (1966) isolated a soluble lipoprotein from 

erythrocyte stroma which contained 94/y lipid and 6fo protein 

and had an average lipid-free protein molecular weight of 

163,000. Bakerman and Wasemiller (1967) studied structural 

units of human erythrocyte membrane. They reported that the 

molecular weight of the protein of the erythrocyte stru¬ 

ctural unit was 22,200 which is in close agreement with the 

reported molecular weight (22,500) of the mitochondrial 

structural protein (Criddle et al, 1966). 

Although the rigidity of the cell wall is one of the 

principal obstacles to the isolation and observation of 

subcellular fragments, the relative simplicity of the 

structure of fungi and bacteria make them unusually suit¬ 

able for biological analysis in attempts to determine the 

constituents of the plasma membrane as well as unit membrane 

structure. VJeibull (1953)> for the first time, digested the 

walls of Bacillus megaterium cells with lysozyme which is a 

polysaccharase and obtained protoplasts as intact structural 

units. The protoplast has extreme fragility and sensitivity 

to osmotic shock (McQuillen, 1956). The protoplast bursts 

when transferred to a medium of low osmotic pressure, leaving 
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a spherical membraneous "ghost" of approximately the same 

size as the protoplast and similar to the "ghost" of erythro¬ 

cytes. It is almost certain that this corresponds to the 

protoplast membrane (V/eibull, 1956).. Based on these findings, 

the structural unit from Mycoplasma laidlawii and Micrococcus 

lysodeikticus membrane have been investigated by Razin et al 

(1965) and Salton and Netschey (1965) respectively. 

For Neurospora crassa, there is no known single lytic 

enzyme equivalent to lysozyme. Therefore, no data have been 

published for the plasma membrane of Neurospora crassa using 

the technique of lysis. There is evidence to suggest that 

the cell wall is involved in morphogenetic processes in 

Neurospora crassa. De Terra and Tatum (1961) found that 

morphological alterations induced by sorbose are accompanied 

by an alteration of the ratio of glucosamine, to glucose in 

the cell wall. Sprain 327, was obtained from the Fungal 

Genetic Stock Center at Dartmouth College, Hanover, Mew 

Hampshire, as a slime variant, an osmotic mutant. Protoplasts 

were produced by inhibition of cell wall synthesis (de Terra 

and Tatum, 1961; Emerson, 1963; Hamilton and Calvet, 1964; 

Robertson, 1965). The slime variant, like the protoplasts of 

most bacteria (V/eibull, 1953) and yeast (Boulton, 1965) is 

extremely fragile and very sensitive to osmotic shock. The 

plasma membrane can therefore be obtained in large and 



relatively pure quantity. Since it has been reported by 

Criddle et al (1962) that enzymes could be separated from 

structural proteins in mammalian mitochondrial membranes 

by relative solubilities in near neutral buffer, it is very 

reasonable to speculate that structural units can be obtained 

in relative!}*- pure quantity if the membrane fraction is 

homogenized several times before isolating the structural 

protein. Several homogenisations serve to release the enzyme 

in the membrane (Bakennan and TTasentiller, 1967) and fragment 

the membrane (Boulton, 1965). Furthermore, biochemical studie 

of the protein promise to provide fruitful information about 

the structure and the correlation of the structure v/ith the 

function'of the membrane. 
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MATSEIALS AMD LIST HODS 

1. Mutant Strain Used 

Forced heterocaryon of strain fz, FC-SC ,f327> was obtain¬ 

ed from Fungal Genetics Stock Center at Dartmouth College, 

Hanover, New Hampshire, and from this mutant, the slime 

variant of Heurospora crassa was isolated for use in this 

study. The heterocaryon was used as-a source because the 

slime variant will not remain alive under refrigeration 

(Emerson, 1963). 

2. Media Used 

1) For heterocaryon culture, the medium contained: 10$ 

sorbose, 3$ sucrose and 0.05$ 1-arginine (free base) all 

added to .Fries medium (Fries, 1947)• 

2) The solid medium for the stock culture contained: 

1.5$ agar, 1$ sorbose, 2$ soluble starch, 1$ yeast extract, 

0.75$ peptone, and 0.05$ 1-arginine (free base) all added to 

Fries medium. 

3) The liquid medium for the bulk culture contained: 

1$ sorbose, 2$ soluble starch, 1$ yeast extract, 0.75$ 

peptone and 0.05$ 1-arginine (free base) all added to Fries 

medium. 

3i Culture and Harvest Methods 

1) Isolation of Slime from Heterocaryon 

The recovery of slime from forced heterocaryon was 



augmented by the following culture: A conidial suspension 

was inoculated into 200ml of the high osmotic concentration 

medium (described above) in a 750ml Srlenmeyer flask. The 

cells were grown at a temperature of 2$°C with continuous 

reciprocal shaking. Host mycelial growth in the liquid 

culture was removed at one or two day intervals by filtra¬ 

tion through S-fold cheesecloth. Three-tenths ml of filter¬ 

ed liquid culture was plated onto a Petri dish containing 

solid medium (described previously). Tho Petri dish was 

then incubated for a period of two days at 2S°C. The change 

in proportions of viable wild-type and mutant colony was 

determinded under the microscope according to the method of 

Woodward et al (1954)• The same procedure was repeated 

approximately seven times, finally, young slime variant 

colonies which have a shining, wet appearance and are trans¬ 

lucent, were isolated (Emerson, 1963). 

2) Stock Cultures 

Stock cultures were inoculated on Petri dishes at 

a temperature of 26°C and transferred to new dishes every 

four days. 

3) Growth Condition 

In regard to growth curves of the slime variant in 

liquid medium, it is known that by metabolic disturbance, 

sorbose can prevent the normal formation of cell walls (de 

Terra and Tatum, 1961; Hamilton and Calvet, 1964; Robertson, 
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1965). However, no data has been reported on the effect 

of sorbose concentration on the growth of the mutant. There 

fore, studies of growth rate of this mutant in media with 

different concentrations of sorbose ranging from l'p to 7.5$ 

were undertaken. 

Cells were incubated at a constant temperature of 

26°C in 40 ml media of 2f; soluble starch, 1;S yeast extract, 

0.75/S peptone, Fries medium, supplemented with 30 mg per 100 

ml l~arginine (free base) with different concentrations of 

sorbose, in 250 ml Erlenmeyer flasks with side arms which 

fit the colorimeter and aerated in a reciprocal shaker. 

Growth was followed turbidiraetrically in the Klett-Summer- 

Son Colorimeter with a green filter (spectral range 495-515 

mu). . 

4) Bulk Slime Variant Culture in Liquid Medium 

On a small scale, a loop of material from slime 

variant cultures was inoculated into 250 ml medium (describ¬ 

ed above) in a 1000 ml Erlenmeyer flask and incubated at a 

temperature of 2S°C with continuous reciprocal shaking. 

On a large scale, after slime cultures were grown 

into 250 ml medium in a 1000 ml Erlenmeyer flask for 46-72 

hours in the same condition as described above, they were 

transferred into 6 liters of medium in a 12 liter pyrex 

carboy, aerated by compressed air passing from the 

through dilute HoSO. and sterile cotton filters to 

air pump 

the car- 



boy. Fig. 2 illustrates the large scale growth apparatus. 

In preparing the medium, soluble starch and sorbose v/ere au¬ 

toclaved at 120°C under 120 psi in a 1000 ml flask for 15 

minutes. Other nutrients in the carboy were autoclaved at 

120°C under 120 psi for 75 minutes. All nutrients v/ere 

cooled and then mixed before inoculation. In order to have 

a better aeration, air was passed into the carboy through 

three pyrex tubes containing sterile cotton filters, and 

through dilute K^SO/j, to maintain sterility. 

5) Harvest 

Cells were harvested at stationary-phase (about 

72-96 hours old) by centrifugation at L°G (16300 xg) for 10 

minutes. 

4. Isolation of the Plasma Ilembrane Fraction 

Slime variant cells v/ere then suspended in 10 volumes 

ice cold 0,025 II tris-KCl buffer of pH 8.4 and centrifuged 

again at the same conditions as above. The supernatant 

fluid was decanted and the washing procedure was repeated 

four times. After incubation for 24 hours at 4°C in order 

to be sure that a complete lysis was achieved, the resulting 

membrane fraction was then homogenised in 5 volumes 0.025 

M tris-HCl buffer (pH S.4) with a glass homogeniser and 

after incubation at 4°C for two hours v/as centrifuged at 

4°C (37000xg) for 30 minutes. This same procedure v/as re¬ 

peated about twenty times. Each time the protein concentre- 
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tion in the supernatant fluid was determined by a modi¬ 

fication of the Lowry method (Lowry et al, 1951; Hill, 

1965). After homogenisation about twenty times, protein 

concentration in the supernatant fluid was 2-4 pg/cc. 

In other words, all readily soluble protein from proto¬ 

plasm and membrane (Yamaguchi et al, 1967) was removed 

from the preparation and discarded. The pellet contemn¬ 

ed relatively insoluble membrane fraction. The pellet 

was resuspended in 0.0251- tris HC1 buffer of pH 8.4 and 

two fractions were obtained by differential centrifuga¬ 

tion. A gray colored fraction was obtained by centri¬ 

fugation at 4°C (630::g) for 10 minutes and s. brown 

colored fraction was obtained at 4°C (l6300xg) for 20 

minutes. 

5-. Isolation of Protein from the Plasma Hembrane 

The pellets of both gray and brown fractions obtained 

as above were homogenised with 5 volumes Si: urea at pH 11 

by a glass homogeniser. After stirring by a magnetic 

stirrer in a cold room (4°C) overnight, the membrane- 

suspended solutions were centrifuged at 4°0 (37000xg) for 

30 minutes. Estimation of membrane protein in the super¬ 

natant fluids were made by the modified Lowry method for 

protein determination as previously described. The seme 

procedure was repeated several times and all supernatant 

fluids were collected for further characterisation. 
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6. Protein Characterization 

1) Gel Filteration 

The phenomenon of gel filteration by dextrans 

(Sephadex, manufactured by Pharmacia, Uppsala, Sweden) has 

been described in detail by Flodin and Porath (19ol) and by 

Flodin. (19o2). T;Jhen prepared as a chromatographic column, 

the gel retains the majority of the solvent within its matrix. 

Small molecules penetrate the matrix and migrate down the 

column slowly through the relatively large solvent, while 

proteins which are too large to penetrate the matrix, and thus 

are excluded, migrate through a much smaller volume, and hence 

move quickly down the column. For different groups of mole¬ 

cules, gel filteration can be used to make group separation, 

purification and desalting due to difference in molecular size. 

As shown in Fig. 3, different kinds of pyrex columns were set 

up with different size and different gel particle sizes for 

different purposes. A large height-to-diameter ratio will 

give better resolution, yet it becomes rather time consuming 

for packing and also the flow rate will be slower. Therefore, 

instead of a long column, several short ones were connected to 

serve the same purpose and avoid the disadvantages. One thing 

which should be avoided in setting up the columns is diffusion 

and dilution effects in the connecting tubing. This can be 

avoided by using small tubes or capillaries as shown in the 

figure for small columns. The big 3o cm I.D. x 60 cm x 6 
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column is good for larger samples. The small 0.9 cm I.D. x 

60 cm systems were used for small samples. 

In the desalting process, the supernatant fluid 

containing membrane protein was desalted with the 2.2 cm 

I.D. x 100 cm column with Sephadex G--25 (coarse) equilibrated 

with deionized water. The eluate was collected in an auto¬ 

matic fraction collector (Research Specialties Co. Model 

1203). Each fraction (12 ml) was assayed by the modified 

Lowry method. The protein fractions were collected, lyophi- 

lized.and stored at 0°C for further study. 

In the separation and purification process, the 0.9 

cm I.D. x 60 cm x 5 column with Sephadex C—100 equilibrated 

with 0.025 H tris-HCl buffer, pH 8.0, was used. In estimating 

the molecular weight of the obtained membrane protein, the 

following procedures were used. Five proteins, Urease, Cata¬ 

lase (bovine liver), ^-globulins (BovineCohn fraction II), 

Serum albumin (bovine) and EHase (bovine pancreas)(all ob¬ 

tained from Sigma Chemical Co.) of known molecular weights of 

430,000, 225,000, 160,000, 67,000 and 13,400 were used as 

reference points. Twelve mg of each protein were dissolved 

in 3 ml 0.025 H tris-HCl buffer of pH 8.0 and introduced two 

proteins at a time into the 0.9 cm I.D. x 60 cm x 5 column 

with Sephadex C—100 equilibrated with 0.025 M tris-HCl buffer, 

pH 8.0. Elute of 1 ml per fraction and 5 minutes per fraction 

were collected and automatically by the fraction collector from 

Research Specialities Co. Same procedure was repeated usirg 
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0.9 cm I.D. x 60 cm x 6 column with Sephadex G-150 with 

/-globulins, Urease, Serum albumin and RITa.se as references. 

2) Electrophoresis 
i 

The degree of homogeneity of the membrane pro¬ 

tein was estimated by electrophoresis. The polyacrylamide 

gel electrophoresis was done at 800V and 25 milliamps in 

pyridine, acetic acid and water (1:10:289 by volume) at pH 

3.7 and was stained with aniline black ( V.W.'.Yoodward, per¬ 

sonal communication). It con a.lso be stained by smido 

black, nigrosine and sudan black. 

3) Amino Acid Composition 

For tota.1 amino acid composition, protein sample 
♦ 

of 5mg were hydrolyzed with 4ml 6N HC1 at 120° C in sealed, 

evacuated tubes in a silicone oil bath for 20 hours and 70 

hours (Iloore and Stein, 1963). The excess arid was remov¬ 

ed by lyophilisa.tion to dryness and the residue from lyo- 

philization was dissolved in 1ml 0.11T HC1. A protein sam¬ 

ple of 5mg was sJLso hydrolyzed for tryiotophan (Campbell, 

I960) with 4ml barium hydroxide for 70 hours. The barium 

ion was removed from the hydrolysate by treatment with 

gaseous carbon dioxide. The hydrolysate wan lyophilized 

to dryness and the residue was dissolved in 0.1IT HC1. 

Amino acid analyses were made by the method of Spakman et 

al (1958) and Hamilton (1963) with a Technicon Auto Analyser. 
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R3SULTS 

1. Growth Condition 

As shovm in Fig. 1, the mutant grew rapidly for three 

days after inoculation in all different concentration of 

sorbose. Stationary phase was found at 72-96 hours for most 

concentrations of sorbose. In 1^ sorbose, the mutant was 

most active at 40 hours. Since different sorbose concen¬ 

trations influenced the growth rate only slightly, if at all, 

the mutant was grown in 1;J sorbose throughout the bulk cultures 

2. Gel Filteration 

The elution pattern, in the desalting process, is shovm 

in Fig. 4* The complete dialysis of the protein is illustra¬ 

ted. A represents the protein fractions; 3, the urea; and C, 

the salt. 

In the process of separation and purification of membrane 

protein, it was found that the membrane protein from both 

gray and brown color fractions consistently had a sharp 

symmetrical peak at a position before either urease or cataleas 

(bovine pancreas) peak (Figures 5j 6). These known proteins 

have molecular weights of 460,000 and 225,000 respectively. 

Therefore, we may assume the membrane protein of molecular 

weight larger than 460,000 was obtained. 

It has been found that molecular weights of membrane 

protein can be estimated, in good agreement with that of elir.in 



from human erythrocyte ghosts, by the technique of gel 

filteraticn (Andrews, 1964). The eluate pattern of the 

present study are shown in Figures 6, 7« If one plots 

the fraction number of each protein peak against loga¬ 

rithm of molecular weight, a smooth curve is obtained as 

snown m Figures G, The calibration curves were 

extrapolated to pass the fraction number of the membrane 

protein peak at a molecular weight of 2,§00,000. The 

molecular weight of the aggregate unit of the membrane 

protein is therefore estimated as 2,000,000. 

3• Slectrophoresis 

The band pattern of a heavy band and a very faint 

one in the polyacrylamide gel electrophoresis indicates 

that the membrane protein is nearly pure. 

4. Amino 'Acid Composition 

Calculations of amino acid per mg of protein are 

based upon the total anhydrous weight of amino acid 

recovered. The results are shown in Figures 10, 11. 

Results of acid hydrolysis at 20 and 70 hours and base 

hydrolysis at 70 hours are shown separately in Tables 

1 and 2. It was concluded that the membrane protein 

contained proline, aspartic acid, glutamic acid, ala¬ 

nine, glycine, leucine, valine, isoleucine, histidine, 

serine, threonine, phenylalanine, tyrosine and lysine 

in the order of the molar quantity of each amino acid 

existing after the protein was hydrolyzed. 
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Discussxou 

Preliminary electron microscopy on the plasma membranes 

obtained from the slime variant has furnished information on 

the structure of these membranes (Y.V7. V/oodward and Aston, 

personal communication). The membrane protein obtained did not 

appear to be contaminated with mitochondrial 'and nuclear mem¬ 

branes. The first step in the isolation of the Ileurospora plasma 

membrane fraction utilised centrifugation at <20,000 x g for ten 

minutes at 4°C and Boulton (1965) found, in his study that, 

yeast protoplast membranes obtained by this procedure had no 

succinic aid NADHg oxidase activity which are the characteris¬ 

tic of mitochondria and low nucleic acid content v.’hich eliminated 

the possibility of having nuclear membrane since it has 

relatively higher content. The view that the plasma membrane 

was uncontaminated was also supported by isolation procedures 

using sucrose shelf centrifugation combined with cytological 

studies (V. VI. Uoodward, personal communication). It was found 

that the protein obtained could combine with aspartate transcarba- 

mylase and phospholipid and membrane protein solubility in near 

neutral pH was relatively less than that of the enzyme. There¬ 

fore it was concluded that a pure structural protein from 

plasma membrane had been obtained. It may be pointed out that 

the same observations suggest that some purification has been 

obtained but do not prove purity nor that a single structural 



protein is involved. 

As described above, the structural, protein was dissolved 

in urea at pH 11 because it was recently demonstrated that 

an elevated oH in combination with urea is important in 

effecting solubilization of structural protein from the 

erythrocyte ghosts (Bakerman and h'asenillar, 1967). Avail¬ 

able data indicate that urea breaks up the secondary structure 

of protein molecule, but does not cause the protein to de- • 

polymerise to smaller subunits as detergent does (Bakerman 

and Wasemiller, 1967). This conclusion has been supported by 

the present study: From the electrophoresis and gel fil¬ 

tration methods of the present study, it has been found that 

the structural protein obtained in this work consisted of 

only one aggregate since the electrophoresis showed that it 

was almost homogeneous and only one sharp symmetrical peak 

was obtained by gel filteration. 

The conclusion that this protein contained lipids is 

supported by the staining with Aniline Black and Sudan Black 

methods in electrophoresis. The appearance of a glucosamine 

peak in the amino acid analysis from base hydrolysis indicated 

that the protein also contained 

acids. This was consistent with 

Galvin (1952) who reported that 

ghosts contained protein, lipid, 

found by Bakerman and Uasemiller 

carbohydrates as well as amino 

the results of 1'oskowitz and 

elinin from human erythrocyte 

and carbohydrate. It was also 

(1967) that the membrane 
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material from erythrocyte ghosts contained 556 protein, 356 

lipid and 106 carbohydrate. The molecular weight of the 

aggregate isolated from the slime variant plasma membrane and 

containing protein, lipid and carbohydrate was estimated by 
I 

the gel filtration method with both Sephadex G-100 and G-150, 

to be 2,800,000. The molecular weight of the Neurospora pro¬ 

tein thus estimated is quite comparable with the molecular weigh 
\ 

of the erythrocyte elinin (4 x 10 /) determined by Iloskowits 

and Calvin (1952). 

As shov;n in Table 3S if one calculates the minimum 

molecular weight on the basis of the amino acids contents 

after acid hydrolysis (61! HCi, 120°C, 70 hours), one obtains 

a minimum molecular weight of 63,500. Since the total 

amount of amino acids recovered after acid hydrolysis is 32,6 

of the dry weight of the aggregate, by assuming that the 

aggregate unit contains 326' protein, the lipid-carbohydrate- 

free aggregate will have an estimated molecular weight of 

896,000. This aggregate, therefore, consists of 1L subunits 

of molecular weight 63,500. 

The results of amino acids analyses, summarised in Table 

1, indicate that there is relatively high content (about 

336 after 70 hour acid hydrolysis) of amino acids having 

non-polar side chains (e.g. isoleucine, leucine, valine, 

phenylalanine, tyrosine and methionine). The total amount 

of aspartate and glutamate is only 216 after 70 hour hydrolysis• 
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The value (2I;J) is lower than average, based on compari¬ 

son with corresponding values for representative proteins 

reported by Uaugh (1954) but this parallels to the anino acid 

composition of beef mitochondrial structural protein by 

Griddle (19o6). They found a relatively high content 

(about 415') of amino acids having non-uolar side chains and 

the combined aspartate and glutamate content is only loy. 

Although various membraneous structures differ among them¬ 

selves in amino acid composition (woodward and iimkres, 1966), 

it is true that structural protein contains a high percentage 

of combined aspartate and glutamate. These data suggest that 

the structural protein is only slightly more hydrophobic than 

most proteins. In the base hydrolysis, no tryptophan v.7as 

observed. As can be seen in Table 1, the usual conditions of 

hydrolysis (61; HOI at 110°C for 20 or 70 hours) were in¬ 

adequate in this study to obtain a complete hydrolysis. 

Apparently a complete hydrolysis would require a longer time 

period, in order to obtain a more precise analysis of the 

composition of the protein. 

The purity and the molecular size and 

obtained protein should further be studied 

nation of the powerful methods, ultracentr: 

shape of t 

using the 

,f ugation, 

and viscomet 

cular weight 

y. This study will be used to check the 

of the protein estimated by gel filtrati 

he 

combi- 

diffusion 

mole- 

on 



method. Terminal amino acid analysis, immunodiffusion-pre¬ 

cipitin and imnuncneutralisation reactions may be used as 

other tests of the homogeneity. Beth colored fractions should 

be studied in more detail v/itn respect to lipid, carbohydrate, 

peptide and amino acid components in order to obtain a better 

picture of the composition and the structure of the membrane. 
I 

This might provide useful information about the role of 

structural protein in the functions of membranes. 
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SUI-S-iilRY 

Plasma membrane has been isolated from the slime 

variant by using osmotic shock and differential centri¬ 

fugation methods. A structural protein has been obtained 

and studied by gel filtration on Sephade:: G-100, G-150 and 

G-25, polyacrylamide gel electrophoresis and amino acid 

analysis. The protein was isolated in Gli urea at pH 11. 

The aggregate was found to contain protein, lipid and carbo¬ 

hydrate with high content of amino acids with non-polar side 

chains of '33and low content of aspartate and glutamate of 

ZY/j after 70 hour acid hydrolysis. . It had an aggregate unit 

molecular weight of about 2,800,000 estimated by the gel fil¬ 

tration technique. From amino acid analyses, a minimum 

molecular weight of lipid-carbohydrate-free protein was 

calculated to be about 63,500 and the aggregate unit contain¬ 

ed, therefore, 1L subunits. 
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FIGURE 1 

The growth curves, of the slime variant, #327, 

at different sorbose concentrations. 
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FIGURE 2 

Apparatus for the large scale growth 

of slime variant, #327. 
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FIGURS 3 

Apparatus for Sephadex gel filtration. 
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FIGUHE 4 

The elution pattern of the desalting. 
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PIGURS 5 

The elution pattern of membrane protein 

from Sephaclex G-100. 
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FIGURE 6 

Tlie elution patterns of proteins 

from SephaGex G-100. 
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FIGURS 7 

The elution patterns of proteins 

from Seplia&ex G-150. 
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FIGUHE 8 

Plot of fraction numbers of. 

against log(molecular weignt) 

on Sephade?: G-100. 

protein peaks 

for proteins 
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FIGUR3 9 

Plot of fraction numbers of protein peaks 

against log(molecula,r v,'eight) for proteins 

on Sepha&e:t G-150. 
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FIC-URE 10 

The chromatogram of acid hydrolyzate 

( 6H HC1, 120°C, 20 hours ) of the 

membrane nrotein. 
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FIGURE 11 

3?he chromatogram of base hydrolysate 

( 0.38IT Ba(OH)2, 120°C, 70 hours ) of 

the membrane protein. 
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PA3LB 1 

Amino Acid Analysis of the Membrane Protein 

in 611 HC1 at 120°C for 20 and 70 hours 

Amino Acid 

20 hours 70 hours 

Vi niole/mg protein y mole/mg protein 

uncorr. corr.a uncorr. 
a corr. 

Asp 0.12S6 0.2173 0.2281 0.3011 
Tlir 0.0553 0.0935 0.0795 0.1049 
Ser 0.0708 0.1197 0.0743 0.0981 
Pro 0.1335 0.2256 0.2329 0.3074 
Glu 0.1144 0.1933 0.2041 0.2694 
Giy ' 0.1008 0.1704 0.1871 0.2470 
Ala. 0.1064 0.1798 0.1883 0.2486 
Val, 0.0932 0.1575 0.1677 0.2214 
Met0 0.0216 0.0366 0.0464 0.0612 
Ileu 0.0812 0.1372 0.1424 0.1879 
Leu 0.0969 0.1638 0.1704 0.2249 
Tyr 0.0320 0.0541 0.0559 0.0738 
Phe 0.0480- 0.0811 0.0846, 0.1117 
Amide MI I. 0.1979 0.3345 0.4092a 0.5401 
Lys J 0.0050 0.0085 0.0083 0.0110 
His 0.08l3fl 0.1374 0.1290- 0.1703 
Unknown 0.0242

Q 
0.0409 0.0468a 0.0618 

The total amount of amino avoids recovered is 325$ 
at 70 hours hydrolysis. 

a Values are corrected against Horleucine factor, 

b As met plus met sulfone. 

c As ileu plus alloileu or ileu. 

d Values are calculated by assuming area factor = 25.3. 
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TABLS 2 

Amino Acid Analysis of the Membrane Protein 

in 0.38N Ba(OH)2 at 120°C for 70 hours
a. 

Amino Acid or 
Carbohydrate 

p mole/mg protein 

uncorr corr b 

Asp 0.01534 0.01952 

Ser 0.00615 0.00783 

Pro 0.04614 0.05872 

Glu 0.03469 0.04414 

Gly 0.06192 0.07878 

Ala 0.10687 0.13600 

Glucosamine 0.00930° 0.01180 

Val 0.04231 0.05380 

11 et 0.01395 0.01774 

Ileu^ 0.03385 0.04310 

Leu 0.07260 0.09236 

Tyr 0.02300 0.02926 

Phe 0.03610 0.04590 

Amide 0.09354° 0.11900 

Lys 0.02000 0.02545 

His 0.03489 0.04438 

Unknown 0.00913° 0.01160 

a Averaged from two experiments. 
b Values are corrected against Zlorleucine factor, 
c Values are calculated by assuming area fa.ctor = 25*3. 
d As ileu plus alloileu. 
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TABLE 3 

Amino Acid Composition of Plasama Llenbrane 

Protein of Slime Variant 

Amino Acid 
number of amino acid 
residues per molecule3. 

Asp. 55 
Thr? 23 
SerD 26 
Pro 56 
Glu 49 
Gly 45 
Ala 45 
Vala 40 
Eetae 11 
Ileue 34 
Leu. 41 
Tyr 16 
Phe i, P 20 
Amide 1IH, ’ (86) 
Lys 2 
His 31 

494 

Kinimium molecular weight 63511.3 

Asn + C-lu = 104/494 = 21.05/S; Heu + Leu + Phe. 
+ Tyr + I,let = 162/494 = 32.79/. 

a To the nearest integer. The hydrolysis was carried 
out at 120° C for 70 hrs. in vacuo in constant boil¬ 
ing 6h HC1 

D Approximate corrections for decompositions are:17.4/ 
for Thr and Tyr; 31.4/ for Ser. PK, has "been corr. 
for the decomposition of Ser and Thr. 

c is not included in the total number of residues. 

a As met plus met sulfone. 

e As ileu plus slloileu. 


