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Abstract[]In order to find out nutritional effects
of Korean edible mushrooms on the multiplication
of tissue cells, the alcohol extracts and acid hy-
drolysates of eleven species of mushrooms were
added to Earle’s BSS. A comparison of the re-
spective multiplications of HeLa cells in this solu-
tion and in control solution of TC-199. Yielded the
following results: The alcohol extracts and acid
hydrolysates of Coprinus comatus, Agaricus cam-
pestris, Agaricus bisporus, Lentinus edodes, Tri-
choloma matsutake, Pleurotus ostreatus, Ramaria
botrytis and Pholiota nameko influenced favorably
the maintenance of the normal form and mono-
layer of HeLa cells .The growth curves of HeLa
cells in the cultures containing, respectively, the
alcohol extracts and acid hydrolysates of these
eight mushrooms showed that five species, ie.,
Coprinus comatus, Agaricus campestris, Agaricus
bisporus, Lentinus edodes and Tricholoma matsutake
effected an excellent multiplication and that the
other three species were less effective than those
five species. As to the effects on the cell multiplica-
tion, no marked difference was observed between
the alcohol extracts and the acid hydrolysates of
the mushrooms tested.
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Qualitative analysis of amino acid com-
ponents contained in 15 species of edible
mushrooms were first reported by Kim(1958)%
and similar studies were successively reported
by Huh(1960)?, Ro and Pyo(1975)3#
Chung(1976)>. But nutritional effects of the
amino acids of edible mushrooms were not yet

and

investigated. Therefore it is necessary to deter-
mine whether the amino acids of mushrooms
act as good nutrients for tissue cells.

In this paper an attempt was made to
determine the effects of the alcohol extracts®
and the acid hydrolysate” of 11 different edible
mushrooms (Table 1) on the proliferation of
HelLa cell line in vitro, considering that there
might be certain nutritional effects of the
various amino acids and their constituents on
the growth and development of the tissue cells.

MATERIALS AND METHODS

HeLa cells® were used which were derived
from the epithelium of the human carcinoma
and subcultured by successive passages for
many generations.?

Earle’s balanced salt solution(Earle’s BSS)10
and TC-199
(Difco, Detroit, Michigan) were used as

tissue culture medium!?12)

control cell culture medium. Predetermined
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Table I: The edible mushrooms examined

Code Scientific name Family name
S-1 Coprinus comarus (Fr.) S. F. Gray Coprinaceae
S-2 Agaricus bisporus (Lange) Imbach Agaricaceae
S-3 Agaricus campestris L. ex Fr. Agaricaceae
S-4 Lentinus edodes (Berk.) Sing. Polyporaceae

=Cortinellus edodes (Berk.) S. Ito et Imai
S-5 Tricholoma matsutake S. 1to et Imai Sing. Tricholomataceae
= Armillaria matsutake S. Ito et Imai
S-6 Pleurotus ostreatus (Fr.) Quél. Polyporaceae
S-7 Remaria botrytis (Pers.) Ricken Clavariaceae
= Clavaria botrytis Pers.
S-8 Pholiota nameko (1. 1to) S. Tto et Imai Strophariaceae
S-9 Auricularia auricula-judae (Fr.) Quél. Auriculariaceae
S-10 Tremella fuciformis Berk. Tremellaceae
S-11 Gyrophora esculenta Gyrophoraceae

Table II: Optimal concentration of mushroom alcoholic extracts added to Earle’s BSS for cell culture

Sample number S-lex. S-2ex. S-3ex. S—4ex. S-Sex. S—6ex. S-Tex. S-8ex. S-9ex. S-10ex. S-1lex.

Wt. of fungus equivalent
to total AA (g) 1.00 200 200 400 400 253 1600 8.78 80.00 180.00 220.00

amino acid (mg/l)

L~arginine HC] 544 290 044 760 1136 1.19 18.08 5.09 — 21.60 —_—
L-histidine HC1 1.33 0.84 — 172 268 116 — 3.07 160 1.80 2.20
L~lysine HCl1 321 198 156 284 408 0.03 1136 1.67 — 3.60 220
DL~phenylalanine 025 142 100 076 232 116 032 070 3.20 3.60 2.20
DL-methionine 0.72 0.14 trace 1.08 0.84 020 032 trace — — —
DL-serine 403 194 166 428 396 230 240 498 16.80 3.60 4.40
DL -threonine 763 314 134 1668 712 784 256 080 5.60 1.80 2.20
DL-leucine 586 254 270 148 308 256 160 3.60 3.20 1.80 2.20
DL-isoleucine 379 160 176 112 1.88 194 09 325 240 1.80 2.20
DL -valine 458 182 168 004 276 329 176 448 4.00 3.60 2.20-
DL-aspartic acid 278 178 188 1144 396 6.08 464 3.60 27.00 1.80 440
DL-alpha-alanine 9.77 1054 974 596 9.16 1072 7.68 948 4.00 540 17.60
L-proline 1.69 25.02 2232 084 444 099 304 474 — 3.60 6.60
glycine 1.24 110 050 344 112 160 208 220 1.60 1.80 220
L-glutamine 246 1396 38 984 1340 7.20 720 18.09 880 3.60 6.60
L—cystine 011 138 020 0.2 024 0.56 — 132 — — 2.20
L-tyrosine 629 036 trace 0.56 1.36 134 080 131 8.00 1.80 2.20

Total 7142 7164 50.66 66.72 7486 5427 71.68 6776 71.20 5940 52.80

optimal concentrations of the alcohol extracts to the basal medium which consists of Earle’s
(Table IT) and the acid hydrolysate (Table III) BSS containing 100 gg/ml streptomycin, 100
of 11 different mushrooms!®14 were added units/ml sodium penicillin G and 5% fetal

Arch. Pharm. Res. Vol.2, No.l, 1979



Effects of Mushroom Components on the Proliferation of HeLa Cell

27

Table III: Optimal concentration of the acid hydrolysates of mushrooms added to Earle’s BSS for cell culture

Sample number

S~1hy. S-2hy. S-3hy. S—4hy. S-5hy. S-6hy. S-7hy. S-8hy. S-9hy. S-10hy. S-1lhy.

Wt. of fungus equivalent

fo total AA (g) 020 020 030 030 050 070 040 070 110 110 : 1.00
L-arginine HCl 546 326 541 570 497 521 48 661 703 589 4.67
L-histidine HC1 146 1.18 153 456 293 196 463 221 255 127 17.10
L-lysine HC! 3.67 285 468 119 229 440 0.69 542 503 4.37 420
DL-phenylalanine 246 170 254 233 175 244 271 258 318 202 2.49
DL-methionine 076 013 021 039 053 018 0.14 — — 023 trace
DL-serine 424 386 253 332 311 282 317 316 248 490 3.90
DL-threonine 511 4.09 280 450 288 329 412 332 287 4.53 4.26
DL-leucine 471 336 480 407 327 487 480 520 521 437 4.87
DL-isoleucine 336 239 345 3.05 265 335 337 358 481 322 3.52
DI-valine 488 302 354 359 249 836 522 413 437 440 4.61
DL-aspartic acid 1221 903 566 839 748 561 703 654 494 8.65 6.81
DL-alpha-alanine 647 527 487 433 419 547 414 108 005 003 522
L-proline 243 424 710 224 222 403 357 377 387 3.09 3.26
glycine 418 306 343 434 379 494 360 369 349 433 401
L-glutamine 1455 11.05 11.63 24.64 1310 1381 7.50 9.66 6.18 940 8.16
L—cystine 0.1 019 010 034 3.085 — trace 0.15 — —  trace
L-tyrosine 0.12 trace 034 124 125 074 0.52 trace 1.34 092 1.40

Total 7549 5876 65.50 77.59 61.95 66.75 60.04 64.56 59.62 59.06 64.15

calf serum. Then these mixtures(pH 7.2) were
sterilized by filtration through milipore filter.
HelLa cells were detached from the surface of
culture vessels1®16) with trypsin-versene so-
lution!” (Difco 1:250) and the concentration
was adjusted to 2X10% cells/ml in culture
medium, and then 1.0ml of cell suspension was
placed in each Leighton tube and incubated
37°C for three days.1®
Appearance of the proliferating cells was
observed!® under an inverted microscope
twice a day and the density of the cells in the
culture media was counted by means of hemo-
cytometer at 24, 48 and 72 hours of incubation
by discarding the culture medium, dispersing
the cells by one ml of trypsin-versene solution
and resuspending the cells into appropriate

amounts. To minimize the experimental

errors, each procedure was run in triplicate.
RESULTS AND DISCUSSION

The morphology of the cultured cells in the
Earle’s BSS mixtures was as normal as that of
the cells in the TC-199 medium, forming the
normal epithelial cell monolayer along the wall
of the culture vessels.

The cells in the Earle’s BSS degenerated
gradually as time passed and the morphology
of cells changed into round shapes until all the
cells were destroyed. (Figs. 1,2, and 3)

The appearance and density of the cells
cultured for 24, 48 and 72 hours in the media
containing the alcohol extracts and the acid
hydrolysates of 11 different mushrooms are
shown in Plate 1. (Fig. 4) The alcohol extracts
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of Coprinus comatus, Agaricus campestris,
Agaricus bisporus, Lentinus edodes and Tri-
choloma matsutake and the acid hydrolysates
of these five mushrooms had favorable effects
on the cell proliferation both in their appear-
ance and density as compared with those of
the control groups in TC-199 medium. When
the alcohol extracts and the acid hydrolysates
of Pleurotus ostreatus, Ramaria botrytis and
Pholiota nameko were added to the media, the
cell proliferation was well maintained until
48 hours and thereafter cellular degeneration
appeared. The alcohol extracts and the acid
hydrolysates of Auricularia auricula-judae,
Tremella fuciformis Berk. and Gyrophora
esculenta affected the cell proliferation to such
degree that they kept on proliferating longer
than 24 hours, and all the cells underwent
degeneration.

CONCLUSION

In order to find out nutritional effects of
edible mushrooms on the multiplication of
tissue cells, the alcohol extracts and acid
hydrolysates of eleven species of mushrooms
were added to solution B (Earle’s BSS contain-
ing 59 fetal calf serum). A comparison of the
respective multiplications of HeLa cells in this
solution and in control solution A (TC-199
solution containing 59, fetal calf serum)
yielded the following conclusion:

1. The alcohol extracts and acid hydroly-
sates of Corinus comatus, Agaricus campestris,
Agaricus bisporus, Lentinus edodes, Tricholoma
matsutake, Pleurotus ostreatus, Ramaria botry-

tis and Pholiota nameko influenced favorably

the maintenance of the normal form and
monolayer of HeLa cells.

2. The growth curves of HeLa célls in the
cultures containing, respectively, the alcohol
extracts and acid hydrolysates of these eight
mushrooms showed that five species, i. e.,
Coprinus comatus, Agaricus campestris, Ag-
aricus bisporus, Lentinus edodes and Tricho-
loma matsutake effected an excellent multipli-
cation and that the other three species were
less effective than those five species.

3. As to the effects on the cell multiplica-
tion, no marked difference was observed bet-
ween the alcohol extracts and the acid hy-
drolysates of the mushrooms tested.
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48hr. 72hr.
24hr, C-A 72hr.

Fig. 1: Photographs showing the morphology and density of the cultured cells in TC-199 medium(C-A) and 5%
fetal calf serum contained Earle’s BSS (C-B) at different incubation period.
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S-1ex hr. S-lex 48hr. S-1ex. 72hr.
S-6ex. 24hr. S-6ex. 48hr. S-6ex. 72hr.
S-9ex. 24hr. S-9ex. hr. S-%ex. 72hr,

Fig: 2. Photographs showing the morphology and density of the cultured cells in media containing mushroom
alcoholic extracts at different incubation period. S-1~11: as shown in Table I
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Fig 3: Photographs showing the morphology and density of the cultured cells in media containing mushroom acid
hydrolysates at different incubation period. S-1~/11: as shown in Table I
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Fig. 4 Average number of cell count in B culture medium (Earle’s BSS contained 5 % fetal calf serum) containing
alcoholic extracts (@ — @) and its acid hydrolysates (0 — 0 ) of mushrooms at different incuba tion times.
C: control, A: TC~1 9medium, B; 5% fetal calf serum-Earle’s BSS. S-1~11: as shown in Table I
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