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INTRODUCTION

Medicinal mushrooms have an established history

of use in traditional oriental therapies. Medicinal

effects have been demonstrated for many tradi-

tionally used mushrooms (Ooi and Liu,1999),

including extracts of Favolus alveolarius (Chang

et al.,1988), Phellinus linteus (Chung et al.,1993;

Kim et al.2001), Lentinus edodes (Kim and

Park,1979; Sugano et al.,1985; Sang et al.,1998)

and Coriolus versicolor (Kim and Park,1979; Ma-

yer and Drews,1980; Fujita et al.,1988; Li et

al.,1990; Yang et al.,1992a; Han et al.,1996; Ma-

o and Gridley,1998; Ng,1998; Ooi and Liu,1999;

Chu et al.,2002). Of the mushroom-derived the-

rapeutics, polysaccharopeptides obtained from

C. versicolor are commercially the best establis-

hed. The best known polysaccharopeptide of

C. versicolor is PSP. It is obtained from the ex-

traction of C. versicolor mycelia. 

PSP is light or dark brown powder that is so-

luble and stable in hot water. It doesn’t have a

definite melting point. It is soluble in water but

insoluble in methanol, pyridine, chloroform, ben-

zene and hexane. It contains  α-1,4 and β-1,3
glucosidic linkages in its polysaccharide moieti-

es. D-glucose is the major monosaccharide pre-

sent (Ng, TB.,1998).

According to the reviewers, an extremely broad

range of  physiological effects has been linked

with the use of PSP. Some of the main effects

include the following; immunopotentiation by in-

ducing production of interleukin-6, interferons,

immunoglobulin-G, macrophages and

T-lymphocytes; counter immunosuppressive ef-

fects of chemotherapy, radiotherapy, and blood

transfusion; antagonization of immunosuppression

induced by tumors; inhibition of proliferation of

various cancers by inducing production of supe-
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SUMMARY

ABSTRACT: Protein-bound polysaccharopeptide (PSP) was extracted from submerged fermentation of Coriolus versicolor

subculture and was investigated for in vitro antimicrobial activity. 3 Gram-positive and Gram-negative bacterial species and

1 yeast were analyzed for their susceptibility to PSP based on the Agar Hole Diffusion test. According to the results, 1/100

and 1/250 dilutions of PSP were found to be effective against Staphylococcus aureus ATCC 6538, Bacillus subtilis ATCC

6633, Klebsiella pneumoniae CCM 2318 and Mycobacterium smegmatis CCM 2067.
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ÖZET

Coriolus versicolor’un subkültürünün bat›k kültür fermentasyonu ile protein ba¤l› polisakkaropeptid (PSP) elde edilmifl ve

PSP’nin antimikrobiyal aktivitesi araflt›r›lm›flt›r. 3 Gram pozitif ve Gram negatif bakteri türü ile bir maya türünün agar oluk

difüzyon yöntemi ile PSP’ye karfl› hassasiyetleri incelenmifltir. Sonuçlara göre, PSP’nin 1/100 ve 1/250 oranlar›ndaki

seyreltmelerinin, Staphylococcus aureus ATCC 6538, Bacillus subtilis ATCC 6633, Klebsiella pneumoniae CCM 2318 ve

Mycobacterium smegmatis CCM 2067 bakterilerine karfl› etkili oldu¤u bulunmufltur.

*(Bu araflt›rma  2005 tarihinde 18. Ulusal Biyoloji Kongresinde (Ayd›n/Kufladas›) poster olarak sunulmufltur.)
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Figure 1. Coriolus versicolor makrofungusu                   

Figure 2. Subculture of Coriolus versicolor 

(www.mykoweb.com) (Photograph by ADÜ Microbology Laboratory) 

roxide dismutase (SOD), glutathione peroxidase.

In addition, C. versicolor polysaccharopeptides

are beneficial in the therapy of opportunistic

microbial infections that suppress the immune

response.

This study is made for investigating the antimic-

robial activity of the fermentation product of

C. versicolor.

MATERIAL AND METHOD

MATERIAL

The submerged culture of mushroom Coriolus

versicolor ATCC 200801 was obtained from Ha-

cettepe University Faculty of Science and Arts,

Department of Biology.

Coriolus versicolor

The visible form of C. versicolor is a fan-shaped

mushroom with wavy margin and colored con-

centric zones of varying colors: brown, yellow,

gray, greenish or black (Figure 1). C. versicolor

is an obligate aerobe that is commonly found ye-

ar-round on dead logs, stumps, tree trunks and

branches (Figure 2). 3-5 cm across brackets that

are semicircular, flattened, thin and tough. Yo-

ung brackets are flexible. The mushroom has

white spores that are oblong and cylindrical (4-

6 x 2-2.5µm) (Chui,J.et al.,2003).

METHOD

Production of C. versicolor polysaccharopeptides

Fermentation

In this study, C. versicolor polysaccharopeptide

is extracted from mycelial biomass produced in

submerged fermentations (Figure 3).  Malt

extract agar (Merck) was used for C. versicolor

submerged culture and inoculated erlenmeyer

flasks (250 ml) were incubated at 270C for 7-

10 days under aerobic conditions. The

fermentation medium contained; (g/100 ml) 5%

glucose, 0,2% pepton, 0,3% yeast extract, 0,1%

KH2PO4  ve 0,1% MgSO4.7H2O (Hotta et

al.,1981). The fermentation broth (100 ml) was

placed in an erlenmeyer flask (500 ml). The

solid grown culture of C. versicolor was

inoculated into the liquid medium in an

proportion of 108cfu/ml. And the inoculated

erlenmeyer flask was incubated at 270C for 10

days in static conditions. At the end of

incubation,  the mycelial mat that formed on the

surface of the broth was collected and filtered.

The mycelial mat was dried at 800C and the dry

weight of mycelial was measured.

The sufficient amount of water for the extraction

of mycelial mat was determined according to

Chisti and MooYoung (1986). A typical

extraction would use 2 kg of biomass (dry

weight) in 30 l of water for the first stage (Cui

and Chisti, 2003). And the hot water extraction

was performed three times at 350C for 2h. ?

volume %80 EtOH was added to supernatant and

was incubated at 350C for 24h (EtOH

precipitation). The precipitate was dissolved in

water and desalted by dialysis using a cellulose

acetate membrane for 3 days and non-dialysate

was lyophilised. Lyophilisate was dissolved in

distilled water (10mg/ml) and centrifuged at 15

000g for 10 minutes. And the supernatant, which

was known as PSP (Cui,J., Chisti,Y.,2003;
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Song,C.H. et al.,1998), was maintained at -200C

and used for investigations (Figure 4).  

Determination of  PSP Content

The contents of polysaccharides were measured

by phenol sulphuric acid method and protein de-

termination was done by Lowry method (Dubo-

is et al.,1956; Lowry et al.,1951). Moreover the

contents of polysaccharides were obtained by

TLC (thin-layer chromotography) (Fontana et al.,

1988).

Test Microorganisms

Test microorganisms were obtained from Ege

University, Faculty of Science, Department of

Basic and Industrial Microbiology Culture Col-

lection. Following microorganisms were used:

Escherichia coli DSMZ 1562, Staphylococcus au-

reus ATCC 6538, Staphylococcus epidermidis

ATCC 12228, Bacillus subtilis ATCC 6633, Kleb-

siella pneumoniae CCM 2318, Mycobacterium

smegmatis CCM 2067 and Candida albicans. 

Antimicrobial Effects

Seven microorganisms belonging to three Gram-

positive and three Gram-negative bacterial speci-

es as well as one yeast were tested for their sus-

ceptibility to PSP based on the Agar Hole Dif-

fusion Test. The hole diffusion test was perfor-

med using Mueller Hinton Agar (Merck). The

inoculum was prepared from an overnight cultu-

re of microorganisms on Nutrient agar and Malt

extract agar in a sterile saline solution (0.85%).

The turbidity of the suspension was adjusted

with a spectrophotometer to 530 nm for obtai-

ning a final concentration to match that of a 0.5

McFarland standard (0.5-2.5x103). 20 ml of Mu-

eller Hinton Agar were melted, cooled to 55 oC

and than inoculated with 200 µl of the organism

suspension. The inoculated agar was poured into

the assay plate (9 cm in diameter), and allowed

to cool down on a leveled surface. Once the me-

Effects of protein-bound polysaccharide against some microorganisms

Figure 3. grown in fermentation medium of C. versicolor sub-

merged culture 

(Photograph by ADÜ Microbology  Laboratuary)

Figure 4. Recovery and purification options for C. versicolor

polysaccharopeptides

(Song et al., 1998; Cui and Chisti, 2003)
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dium had solidified, four wells, each 6mm in di-

ameter, were cut out of the agar, and 20 µl of

the PSP dilutions (1/5, 1/10, 1/25, 1/50, 1/100,

1/250) were placed into each well. All tests we-

re carried out in triplicate. Reference antibiotics

(Tetracycline for bacteria and Nystatin for yeast)

were placed into each plate and all plates were

incubated at 30-37 oC for 24 hours except for

Candida albicans which was incubated at 27oC

for 3 days. 

RESULTS

Our results show that 1/100 and 1/250 dilutions

of PSP possess antibacterial activity against

Staphylococcus aureus ATCC 6538, Klebsiella

pneumoniae CCM 2318, Mycobacterium smegma-

tis CCM 2067 and Bacillus subtilis ATCC 6633.

Non-diluted PSP and 1/5, 1/10, 1/25 and 1/50

concentrations of PSP did not produce any me-

asurable zones of inhibition. The mean zones of

inhibition produced against test bacteria ranged

between 7.0 mm and 11.0 mm. The zone diame-

ters of the plates after incubation are given in

Table 1. As seen on the table, 1/100 dilution

was the most effective concentration by 11 mm

zone diameter of inhibition against Mycobacteri-

um smegmatis CCM 2067 (Table 1).

Table 1. Inhibition zone diameters 

*NT: Not tested

*ND: Not detected

*TE: Tetracycline

*Ns: Nystatin
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CONCLUSION

Antimicrobial drugs have been employed for

prophylactic and therapeutic purposes. However,

recent occurrence of drug-resistant strains has

made treatment difficult. Thus, the antimicrobial

activity of various anti-tumor polysaccharides is

evaluated in term of their clinical efficacy. Schi-

zophyllan is reported to Streptococcus sp. infec-

tion (Matsuyama et al., 1992). Lentinan is the-

rapeutically effective against Mycobacterium tu-

berculosis and Listeria monocytogenes (Chihara,

G. 1992). PSK induces potent antimicrobial ac-

tivity against Escherichia coli, Listeria monocyto-

genes and Candida (Tsukagoshi et al., 1974; Sa-

kagami et al., 1991). In some vivo animal stu-

dies, Coriolus versicolor extract was observed to

display a broad spectrum of antibacterial and an-

tifungal activities against common pathogens

such as Escherichia coli, Pseudomonas aerugino-

sa, Listeria monocytogenes, Staphylococcus aureus,

Candida albicans, Klebsiella pneumoniae and

Streptococcus pneumoniae (Chu et al., 2002). The

observed antimicrobial effects of extract are pos-

sibly due to the activation of polymorphonucle-

ar cells and an increased secretion of antimicro-

bial cytokines.

The fact that crude extracts of this medicinal

mushroom produced zones of inhibition against

some Gram positive and Gram negative bacteri-

a indicate the presence of potent antibacterial ac-

tivity which can be developed. Although both the

Gram negative and Gram positive bacteria was

affected by PSP, the PSP was more effective

against Gram positive bacteria in our study. 

Candida albicans and Escherichia coli DSMZ

1562 was not inhibited by all concentrations of

the PSP. This result indicates that the PSP may

not be effective in the treatment of Gram nega-

tive and yeast infections. 

Another important result of our study is the im-

portance of dilution factor for revealing the ac-

tive effect of PSP. Accordingly to this result, it

can be said that the higher dilutions of PSP is

facilitating the inhibition process of bacteria.

REFERENCES

1. Chang JB, Park WH, Choi EC, Kim BK., Studies on

constituents of the higher fungi of Korea (LIV). Anticancer

components of Favolus alveolarius. Arch Pharmacol Res,

11:203–12, 1988.

2. Chihara, G. International Journal of Oriental Medicine, 14:

57-77, 1992.

3. Chisti Y, Moo-Young M., Disruption of microbial cells

for intracellular products. Enzyme Microb Technol, 8:194 –

204, 1986.

4. Chu KKW, Ho SSS, Chow AHL., Coriolus versicolor: a

medicinal mushroom with promising immunotherapeutic valu-

es. J Clin Pharmacol, 42:976– 84, 2002.

5. Chung KS, Kim SS, Kim HS, Kim KY, Han MW, Kim

KH. Effect of Kp, an antitumor protein polysaccharide from

mycelial culture of Phellinus linteus on the humoral immune

response of tumor bearing ICR mice to sheep red blood cells.

Arch Pharmacol Res, 16:336– 8, 1993.

6. Collins , C.M., Lyne , P.M., Microbiological Methods.

Butterworth & Co. (Publishers) Ltd., London, 1987.

7. Cui,J.; Chisti,Y. Polysaccharopeptides of Coriolus versico-

lor: physiological activity, uses and production. Biotech. Adv,

21:109-122, 2003.

8. Dubois, M., Gilles, K.A., Hamilton, J.K., Rebers, P.A. and

Smith, F., Colorimetric Method for Determination of Sugars

and Related Substances. Analytical Chemistry, 28 350-356,

1956. 

9. Fontana JD, Gebara  M, Blumel  M, Schineider H, Mac-

kenzie CR, Fohnson KG. , α-4-O-methyl-D-glucoronidase

component of xylanolytic complexes. Methods Enzymol.,

160:560-571, 1988.

10. Fujita H, Ogawa K, Ikuzawa M, Muto S, Matsuki M,

Nakajima S, Effect of PSK, a protein-bound polysaccharide

from Coriolus versicolor, on drug metabolizing enzymes in

sarcoma-180 bearing and normal mice. Int J Immunopharma-

col, 10:445– 50, 1988.

11. Han SN, Wu D, Leka LS, Meydani SN., Effect of mus-

hroom (Coriolus versicolor) extract on the immune response

of young and old mice. FASEB J, 10:3200, 1996.

12. Kim BK, Park EK., Studies on the constituents of the

higher fungi of Korea 12. Anti-neoplastic components of Co-

riolus versicolor Fr, Pleurotus ostreatus (Fr) Kummer and

Lentinus edodes (BERK) Singer. J Nat Prod, 42:684, 1979.

13. Kim D-H, Yang B-K, Jeong S-C, Park J-B, Cho SP,

Das S, Production of a hypoglycemic, extracellular polysacc-

haride from the submerged culture of the mushroom, Phelli-

nus linteus. Biotechnol Lett, 23: 513– 7, 2001.

14. Li XY, Wang JF, Zhu PP, Liu L, Ge JB, Yang SX.,

Effects of protein-bound polysaccharide against some microorganisms



155

Immune enhancement of a polysaccharides peptides isolated

from Coriolus versicolor. Acta Pharmacol Sinica, 11:542– 5,

1990.

15. Lowry O.H., Rosenbrough N.J., Farr A.L., Randal J., Pro-

tein measurement with the folin-phenol reagent. J.Biol.

Chem,193:265-275, 1951.

16. Mao XW, Gridley DS. Effects of extract of Coriolus ver-

sicolor and IL-2 against three tumor lines. FASEB J, 12:5149,

1998 [Part 2 Suppl. S].

17. Matsuyama H., Mangindaan R.E.P., Yano T. Aquacultu-

re, 101: 197-203, 1992.

18. Mayer P, Drews J., Effect of a protein-bound polysacc-

haride from Coriolus versicolor on immunological parameters

and experimental infections in mice. Infection, 8:13– 21,

1980.

19. Ng TB, A review of research on the protein-bound poly-

saccharide (polysaccharopeptide, PSP) from the mushroom

Coriolus versicolor (Basidiomycetes: Plyporaceae). Gen Phar-

macol, 30:1– 4, 1998.

20. Ooi V, Liu F. A review of pharmacological activities of

mushroom polysaccharides. Int J Med Mushroom, 1:196 – 206,

1999.

21. Sakagami H, Aoki T, Simpson A, Tanuma S.I. Introduc-

tion of immunopotentiation activity by a protein-bound poly-

saccharide, PSK (revised). Anticancer Res., 11:993-1000,

1991.

22. Song CH, Jeon YJ, Yang BK, Ra KS, Kim HI,  Anti-

complementary activity of endo-polymers produced from sub-

merged mycelial culture of higher fungi with particular refe-

rence to Lentinus edodes. Biotechnol Lett, 20:741– 4, 1998.

23. Sugano N, Choji Y, Hibino Y, Yasumura S, Maeda H,

Anti-carcinogenic action of an alcohol-insoluble fraction

(LAP1) from culture medium of Lentinus edodes mycelia. Can-

cer Lett, 27:1– 6, 1985.

24. Tsukagoshi S. Japanese Journal of Cancer Chemotherapy,

1:251-257, 1974.

25. Yang QY, Jong SC, Li XY, Zhou JX, Chen RT, Xu

LZ., Antitumor and immunomodulating activities of the poly-

saccharide–peptide (PSP) of Coriolus versicolor. J Immunol Im-

munopharmacol, 12:29– 34, 1992a.

Esin Poyrazo¤lu Çoban, Burcu ‹flman, H.Halil B›y›k


