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£ A= Phellinus linteus TAHQ] APdulloFs B3 WS A2lE a5 walgaA] ke ds 7
7] et Al=RA, 94 ArtAe] 98AA 84S B 1A FE skl sioloH, ey gk
Al A dFgEe] FEE Sl wAR e eithgA|e] AS Fulslstaal siQle. & ATt AFH S ik
155 ITS tDNA sequencing ¥} blast search ® ol 2]3l] AN A} TSt Phellinus linteus 5=+ 99.67%
o1 de] fAM BRI, o] HFE Phellinus linteusttal HEH 07 F& 4= QUT}. o] THE FF=EFE = 7l
ZFe N8| K180 Phellinus linteus TAFZ5E dige] 3344 g4 2 Al oJst vl F2 g5 S 7l
weto 24 #5 A& 7S 5= 3T SorbitolS: ©14-3F banding filtration WS o]4-5lo] AP AAE 3|5
3t A7} 10°~10° protoplasts/mls G = oH, AFAA AYES 107~1072 Vbt 77122 218 43
AR YA oF pApiRuiA oA 1A W IPIANS Hole e ASE O Z Uk AEste], Nt Ak
S BTt T A TAAERS 13~15 g/LE Uit BIssshAl Agkor], ZbohdA) o] gk gl 5.8~6.4%%E
7€) Bl EESRs AR UeRGE), o)ZFE wAuoiR| A wE AHETE HoFe FEo] Ui
WA} AR FAN T A 2 1A S Rl S ER1E = QT B Phellinus linteus TAH2] 735
ZehchdA| 2] ghego] Al FAE Aol A oS shislal e A oE ERIFglonZ  FrhuitiekA ] YAk
< 7P QM HE Akl ] A% ST 7 Sa3E A0 whdE|o], AR et R o
A Bk Al FAIEF ST 7S ot Q21 50 SRl AT vl el d Aol sl AEHo® AR
of N A B8l aA R S 2AY AR147 755 o] EallA vkt vk A HE R wldkS
T Ay HE Abka xR o] HEdo] ER0] HAMRSER] ol AAT2] wioFF et vh-9- 2 compact
sk A Bkt 27 0.5 mm oshE FAISHS, o A1 HAKA dPduleF o] o]FolR= Aoz ERIES)
o}, & At kg zaokelA 27 0.5 mm ©]8F] compactdt FE T kO] wiFFE7F F-EE S -, lag phase Al
Z 9} 1.58) oo =2 AERIFEER Q8 HF dAAIAAPIo] o vl EHE fE35t Al
. B FEY W A NS 95 5 UATE o1ZNE TAF B Phellinus linteus] AF9E E
Al, Zt wlieFaAll A o] AaEA ] vk El7) HE dAAY, S0 2 FHE daThdA ] Agadel
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Abstract — Strain improvement and morphology investigation in bioreactor cultures were undertaken in suspended
cultures of Phellinus linteus mycelia for mass production of protein-bound polysaccharides(soluble B-D-glucan), a pow-
erful immuno-stimulating agent. Phellineus sp. screened for this research was identified as Phellinus linteues through
ITS rDNA sequencing method and blast search, demonstrating 99.7% similarity to other Phellinus linteus strains. Inten-
sive strain improvement program was carried out by obtaining large amounts of protoplasts for the isolation of single
cell colonies. Rapid and large screening of high-yielding producers was possible because large numbers of protoplasts
(1x10°~10° protoplasts/ml) formed using the banding filtration method with the cell wall-disrupting enzymes could be
regenerated in relatively high regeneration frequency(1072~107>) in the newly developed regeneration medium. Tt was
demonstrated that the strains showing high performances in the protoplast regeneration and solid growth medium were
able to produce 5.8~6.4%(w/w) of B-D-glucan and 13~15 g/L of biomass in stable manners in suspended shake-flask
cultures of P. linteus mycelia. In addition, cell mass increase was observed to be the most important in order to enhance
B-D-glucan productivity during the course of strain improvement program, since the amount of 3-D-glucan extracted
from the cell wall of P. linteus mycelia was almost constant on the unit biomass basis. Therefore we fully investigated
the fungal cell morphology, generally known as one of the key factors affecting cell growth extent in the bioreactor cul-
tures of mycelial fungal cells. It was found that, in order to obtain as high cell mass as possible in the final production
bioreactor cultures, the producing cells should be proliferated in condensed filamentous forms in the growth cultures,
and optimum amounts of these filamentous cells should be transferred as active inoculums to the production bioreactor.
In this case, ideal morphologies consisting of compacted pellets less than 0.5mm in diameter were successfully induced
in the production cultures, resulting in shorter period of lag phase, 1.5 fold higher specific cell growth rate and 3.3 fold
increase in the final biomass production as compared to the parallel bioreactor cultures of different morphological forms.
It was concluded that not only the high-yielding but also the good morphological characteristics led to the significantly
higher biomass production and B-D-glucan productivity in the final production cultures.
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AT 53] Hold Ao gzl T ] ArkrTo]
v Gxt7ol| £8R= Phellinus linteus= 3773710] 7ick29] W
2lo] Z+ =% kot oo Z1e- vl v|MaL 3|7 SRt HARRC]
WOS7 A-8-2] getdio w2 dhaizl whilthdale 5283] ke

BAREE A AE bt Yol 5% olake] g
el mlgditoltt. 2 5o AFAuel 2al ARAE Ait
sk 9ot 71 a7 |zha) vk Aibd o 2 QlEl] At Yk
A 7HA e w7} ol Agolck. @AVEA| Phellinus linteus
of] it chite] A= TAPNSE F3le] Dol AMA FE=
9] oFgjahg dl ok g, TRl T3k Flo] FE olFA S
B AARS Boto] WA tiREe R wdsial o] = RE] Ty
HEAE g Ak dAas 7535 Aot AREA] A
ol el TRl S aksks WHS il Al FA3E7)
sm A AE At B = E I Ate] Qe wet
A= HolR= o] QTH9]. o2k tIFA 07 A A
HjekS F5t el A 78] ARA pAmeRs B
3 AAkeh= el vlsl Kot 2 e skl i ABAle)
7Fsahe w717t gt TdEAIA S =Y S lE o
3ATH9, 10].

B Ao M= Phellinus linteus TAFRS] P gnliokel] A gka)ar,
FAlOl ehokA| I S B3-S Zhe T E5)
A AFAAE FAshE WS WA skSlvk. Phellinus
linteus®) 73-5- A Wl A RS FAHA] 9] wiell o
A FAAE BASE w52 Aol ofeler| ofgfgt & AN
15 Tkl QlojA WEA] sisoF 3 Fago|t), weha H AT
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Tof| ks Fo g AupH o7 chltiA o] Aol & ks
A A0 dA Q11 & vl EddgS s 0
o] E817 EAT mix i e AARET2] Aol 2l A
Al FeS wh= Z o7 defA Stk B A= P linteus THAH
9] Willeks Fot WSt AR|E a5o) dhalthdA] ALk
< ] Slgh A=A, a ] gk Al A el Ele] A
5 Bl wtAR) etk o] AdE Sisketarat sisict.
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2. M= 3

2-1. HiX| EF, AlICHE{QY, XY X ZF 22t

ARG AR ek Aol whet Alhulekg aLAiA (MYA), 7
A% WA (SGM), W FHl-8 ARl (GM)2F W Akl
& AR (PM)E THESHITE. ZF HiA] ] e vt 2tk

- MYA medium : malt extract 20 g/L, yeast extract 2 g/L, agar powder

20 g/L

-SGM : glucose 22.5 g/L., yeast extract 2 g/, soytone peptone 2 g/L,

KH,PO, 2 g/L, MgSO, 0.6 g/L

-GM : glucose 30 g/L, brown rice powder 10 g/L. yeast extract

8 g/L, soytone peptone 4 g/L, KH,PO, 2 g/L, MgSO, 0.6 g/L,

FeSO, 0.01 g/L

-PM : glucose 30 g/L, brown rice powder(enzyme treated) 10 g/L.

yeast extract 8 g/L, soytone peptone 4 g/L, KH,PO, 5 g/L, MgSO,

1 g/L, FeSO, 0.01 g/L.

Bt A ARdde WAk flste] B dad, #7194
5 weleto] 121 °ColA 157t Hateto] ARl om wof wh
2} 0.45 um? filters: ©]-§-30] Btz T Wt 4
A% AN 223 Phellinus linteus strains: ©]-8-8}3t}. Al
HjoRE MYA AR oA Apehd fARE AHA] A12ESE 2173 1em
9] agar-cutting®- stainless Z+= ©]-8317 1 piece?] wojUjo] v]g]
HEo] & UhE MYA MR &7 5 14 51k 28 °CollM 7l
thuiefehs g W FasIsich.
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2 1.6 mie} E33F 20% glycerol stocks TH=0] —80 °Col] K3
319137, BaA] mltt B stockS 7ol 100 mm petridishe] 1)
MYA HllR]of] 5310 oF 142 B2t 28 °CollA A& d Skreactivation)
g 3 Awe] vk (& AlE Aok, 3Rk, ot Sl

(D), OV S Fsict.
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Fig. 1. Procedure for the protoplast formation (protoplast banding tech-
nique).

.

S

o
o

Z7ke] Ay g &, olF5 Asto] wik
A EAJo] et of e RS At 933
g ] 8 100 mme] petridisholl A 77 x]RS F3l
& YARFTE blender® & Aok T, 40 m12] ZneFaX]
(PGM) (glucose 22.5 g/L, yeast extract 2 g/L, soytone peptone 2 g/L,
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T, 302 1 oR APAAT FYEE s Bt
v AT 2 (2~ 47

FEE AFAAE 3alr] 8l B Al AREstE 224 4
| mf-$- 22 3|49 2] protoplast banding technique *H (Fig. 1)

A85I9tt. & dE SFAAE centrifuge tubedl] ZAAHA

o]
]
]

i,
20

oz 1%
(TS
W)

l
oX,
WN
i
e, L
i3
[0

o,

o
o M

©
=S T protoplast trapping buffer(0.6 M sorbitol, 0.1 M Tris-HCI,
pH7.0)E %3] 10~20 ml F7FeISAnt. ol55 92E o83l %1

il
[€]

3] 401 F 2,000 rppmO 2 155 E< QAR dAY
A= trapping buffer 02 T2 1 YHRA] &L ofg)j9]
OM-A 5202 712IE0 P 2 trapping bufferi-S 3|5=510] Y= A]|
= 2l 5= AAhFig 1). o12g 2gE 231 WHEsle] 3
58 YA AE washing buffer] STC buffer(1.2 M sorbitol, 10 mM
CaCl,, 10 mM Tris-HCI, pH 7.5)Z ©]€-314 3,000 rpmO.Z 24~



Phellinus linteus®] TAH| SdulieolP] e (B-D-glucan)?] AJiHd e 91t o5 /it wiekde) 249 S04 223

150 rpm, 28 C, 5 days cultivation

(Glycerol stock preparation)

-

Agarcylinder : cork borer NO.5

T

PP ——

Blending
20 sec
)
g —) — . —)
Flask growth culture,

3days, 150rpm, 28 C -

(GM medium)

Liquid Solid growth culture,  Static growth culturs,
stock 14days, 28 C 7 days, 28
-807T (MYA medium) (SGM medium)

-

Bioreactor Bioreactor
growth culture, production culture,
3~4days, 28 C, 5days, 28 C,
5L bioreactor 5L bioreactor
(GM medium) (PM medium)

Flask production culture,
7 days,150 rom,28 T
(PM medium)

Fig. 2. Schematic diagram for the liquid stock preparation, solid growth culture, static growth culture, flask growth and production cultures, and

bioreactor growth and production cultures.

AAl 290 MlFste] g4 W FoJES washingdFSIt. Washing 213
< A 8 Se dFAAE STC buffers o]g3lo] 298]
343 & AAA AL 1A soft WX (1.2 M sobitolo] H7He
HZ2HA) 5 miell 0.1 mP 7k 5, AYAA Q8-S aAEA] 2
ol pour platinggF3ATt. 1.2 M sorbitol® A AYuA] Q] AHEehs 24
i3l om, soft APHA| ol 1%2] agars F7I8IATE S5 AA2
NS g&2o® AQAskr] H3l ol TH AYAE ZA
sh= A3E FsilET, 24 AR oA 3~4Y F<F viekst -
AAE DA (regenerantsys 7Y SFATE.

24. TVEARY AMES 218 Z2IAT0IM2| BHlQY I A

ZefnTol e A AHekRS st HEAS Folsk] A8,
AgE Aok AR FARIE Waring® blender(Model: 51BL30)
= o]g31o] low AEOIA 2023 dolEo M A HEPS
ulASIATE. 0% 250 ml flaskellA] AP FulkCd RS 3U 5
QF a2 (50 m1o] A (GM) ©]&), o] ZHE 10% &
ZS 0] 831 250 ml ZEA~0lA 150 rpm, 28 °CollA 7Y Bt
FHF W ArhNF50 m12] AAARIA] (PM) ©]-8)S eiated, ujek
A E4o] s 1V ST TE AT 2 AT
oA ARESE Alcelel, A, Fekaa Ak, Sekaa A
bk, Ba e AdAgaler 9l ez kool wek dRe] wiek
F4S Fig. 20 21407 AT

2-5. WEx B MEH niAS 2t E283 YoM
SHIYEZEHHX] 018)

gHuloke Ao FAAIE Waring® blenders: 018310 47
o} Tk ARl 23l & Aol ¥, 500 ml E24~F(70 mlé]
A 7HNA (GM) ©]8)E o] &34 150 rpm, 28 °CollM 3Y B2t 12+
S Asielt). o] ZekselA vk wAE T 500 ml
flask(100 m12] A37gl=](GM)) 370l 747} 30%4 F53ko] 28 °C
oA 3% F3F e T3k FHIF), o] S vhA] HHEste] &
971€] 500 m flaskollx] TAKA] Bk 900 mIZ wlEAs}e] (32} ZHi]
&), ©1F 5 liter 7 PLE IO 9] Fuljeke 218t HEA o= ARG
3IAcKFig. 2).

2-6. LETOM| SHIQF H =T MAHHY

Hhg Fo M 2] FHjES 30%((vv)2 HEECE 5L wRk]
(L A AR&)ell A 3~4d Bt T38RO, vk s
28 °C, W= 100~300 rpm7HA 2 2438] 2dske] 854k
FE7F aieE 713 Uidl 20% ode] AAIEES Sict AR T
#71% 5L 3-8 HES7I(KFS, Zute] 2.8)e]H, 071 dlolE] 4
] Wl AoJ3ZZ 72 (Autolab LK 930, Lokas automation Co., Korea)
S A3 ARESIITE 1vwml R 3715 FE3I o, vk
Zoll Mk e] pHE ZdahA] gkgitt. o]g} o] At ar]elA
Hjekel FARIE HE AlekE S8k SL HaEXE 10%((viv)E
AEstl HE NG L AR AR )E oF 5URT 35131
CHFig. 2). Adazeld Ablgx=e] {5 29ds a8
Ao apdslr] Q8 wazel A4 JddE ATHEE o] L3
on-lin gellA 38313}, o]l o] Wazoel ganloks 43
sk o= A% a el Ao BlFFEE AH o=
E3to gy, AT hdaxs JEe o2 A7t Aokl
v s AR AEelsiTh

2-7. A=A (DCW) Y, ZEEICIEA S8 3 glucose &4

W weke] A, w1241k wijke) 20 miE samplingdtol
Aol 93l 3:] AF IS AR T 90 °C ovenoll A 12A13F
B TARIE AT AZRTFADCW)E S783inh Begt 2t
A2 TR SRS the-2] AR o)) SJEl = E St

- A o] Ve AR B 21EH filtrationdFITE.

- I S5FE 39 washingdlhal, HjoFo] e B4 3
w2 AES FH8l Fort.

- A wet FAIE] 10~50 HIF2] B W3l blendingd}o]
microwave extraction A|HE FH|SISITE.

- Microwave oven® settingS 150 °C, 1027+ 50 PSIZ 3}o] %
A S 319

-A87} 2] © Whatman paper(6 um)® filtrations}3Z, TFA] 0.45 pm
syringe filter? o4& AEF HPLCE oAU FbdchdA o] &
S5 BAsIsith #4974 Ultrahydrogel 2000(Phenomenex®)]
v o] TS 33} FHFE 1.2(mlmin)2] <522 ELSD detector
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Fig. 3. HPLC chromatogram for the protein-bound polysaccharides
(soluble B-D-glucan) extracted from the cell walls of the cultured
mycelia of P. linteus.
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£ o]gslod AT, ekckA)] 4o gt chromatogram
& Fig. 30 YERASIT
sk wha s wjekahe] 4 & 7S s171€] HPLC 3%z
ol oJsf ==t
- Column : SUPELCO, inc 25.0 cm»4.6 mm SUPECOSIL LC-NH,
(5 micron)
- Column No : 091264AE

- Mobile phase : 75:25 Acetonitrile : Water
- Flow rate : 1.5 ml/min
- Detection : RI detector

3. dut 3 nE
3-1. dF SE

R 27HA] Phellinus®l <
st Zpzte] &

3t tjoksl YAt R0 RuE Q=
2ol SERE whateASe] FE o] olFoln
ATt AR B vlol] 28R Phellinus linteus oA £ 3t
B-D-glucan TZO] 84 Wtk A7) Ssek 28 1l o)
Ffol] 9lolA] e 9<5=ek EvE el Qo m R [12], 2 AT

ollXi= Phellinus linteus®] A dgllofs B3l Y &4 &
]l ZRthAE Aakstaat sielct & A7E f8) A <l

Ao A F2lg #==f| thsl] ITS rDNA sequencing ®H ol &3l
15795 2F 33T ITS rDNA sequencings &34} 3]

i

{

o

rr

Table 1. Identification of P. linteus by ITS rDNA sequencing method
and blast search

Strain Accession Similarity nt differences/
No. compared
Phellinus linteus MPNU 7016  AF153009  100.00 0/608
Phellinus linteus IFO 6980 AF200226  100.00 0/678
Phellinus linteus KFDA 016 ~ AY436626  100.00 0/700
Phellinus linteus FKDA P38  AY513234  100.00 0/692
Phellinus linteus MPNU 7002 AF300388  100.00 0/678
Phellinus linteus DGUM 25004 AF080458  100.00 0/689
Phellinus linteus DGUM 25003 AF082102 99.72 2/712
Phellinus linteus KCTC 6190  AF077678 99.71 2/694
Phellinus linteus Namsan No. 1 AF080457 99.71 2/688
Phellinus linteus MPNU 7001  AF200237 99.71 2/678
Phellinus linteus ACTC 26710 AF153010  99.67 2/614

sjstgat

H47H HM2% 20094 42

A oln] AHZ Phellinus linteuss
g3 H]ﬂ%@%}_—iw 1 AMSS ek AlEd L
SR WHolTHI3, 14]. 2 AFelAE 712bpS] 97] MU
0] 8518t} o] sequences= TS T3 HIwEISiS W fAMY
o] 99%e1A1 100%7H4] GX3He 18131, 1 A= Table 19]]
ARBIATE, A7 0 2 TS Fat-2] 7|4 el 23] blast searching
st Ax} o8] Phellinus linteus$} 7393) 5 AHMIS

AE & UK 99.67% o] FAMIE R o
FE 4 97147 A eakE AR 2
2 7 QOB R o] E Phellinus linteusttil

11,

L
Z 1l

=

%%j

Ein
7

mi

O
S .
=
©

OPN

o

32 0l 22| B
WY FF] A

A U Y e =
HelH 0z ol gHE waEel gloid
AR Ak A 7F §]—E A&l 7P Q.35 oI}, Phellinus
linteus?t 72> FARIFE] 79 FAR HANYF Al 22 P4
44 21 el Sl 1 A2 wfa 250 Ao ofe g
oleist e @l QlolA WA sl s HRolrt
[15-17]. Wb £ Aol dARA = 5E /‘ﬂit—"’n‘% A|A 3
Z}7+o] el NS BA3 AHAAS Belsta, o5 AYsHe]

A or gt FF dE Al Wik o}oﬂn} ole
AFAAE +9T F s HA 200 Ay 2105 Ak
ATh.

A A Ao ARLEE] 98 FANA] Hjoke x| ujoko A 7Y
B2t Akt i‘/\}ﬂ] Z=A80] 22171 28 °Col XEk Hijokslar o=
ThA] Alhato] 29 2k wijekst ofg]ar tiakEkgo] kst A
= o] gsltt. 1 o)f+= d83AA A Qojq 7 =%

B
12 TAAS] el o= gRIES)] wiiteltt. wtAF %‘F ]
22} AlsERo] thdsl|xl Fell= APIAE 3] 7] ol
07 #FETh FA7) pellets FAHA @kl 470 ;‘/\]-(loose
filamentous) FEIZ A= Zo] Fom Hookﬂﬂﬁ 7 3o o
A JAAIE AREShs Aol frEl Rk g Al EE AAE 918
Novozyme 2345 ARS8 2 A8 5o lﬁ kon 5
3] cellulases 3| A2l gS o] F0 w=rA LA} L=
2SR 5 919THFig. 4(A)).

AR ZNE AFAAE B Foll= o3t
ZolEZ Y 3ral] v Aol 295}1:}. qkek

A & IAAE AASHA S
Al et 2 AtelM= o A3
& ©0]8-3} banding filtration S A3l R4} Sorbitols ©]-8-
alo] APAAE slFshk= WS- Fig. 100 AAIEE vf Qlek = OM-A
bufferel] EASHE DB Al 0.6 M2 Sorbitolo] 3£ trapping
buffers 7FskaL 2,000 rpm = A4S 3HAl ™ sorbitol©]
S buffer 50 % AFAAE F5E L FAEES ofl| 2 7ot
= Aoz AZEHGT} 20~25 ume] pore size(Whatman NO 4.)2]
filter papers ©]-8-319] buffer TS 2HE YFAAE FHF 53
A3} 10°~10%(protoplasts/ml)2] 71 5=3 LHAAE L& 5= 3l
9Ith(Fig. 4(B)).

"4 AE Bl EeE d AL} oY SR AEIAE
ARgSlo] AlEHE AR 218k HA o] 20E AL 4379}
ol Zejel Wl AFAAE AFUANLGAE £ buffer(12M

H3ls17] $3) Sorbltol

-
2



Phellinus linteus®] TA] SVdulleollr] TlThdA| (B-D-glucan)e] AAHd 3PS 918t == 7l wilkade] 2249 o4 225

(A)

(8)

Fig. 4. Microphotographs (400x) for the formation of protoplasts from
the mycelia of Pellinus linteus (A), and harvested protoplasts
using the protoplast banding technique (B).
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Fig. 6. Photographs and histogram for the mycelial growth of the various regenerants (P. linteus mycelial cells derived from the 1st screening pro-
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Fig. 7. Histogram for the mycelial growth of the various regenerants
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Fig. 8. Histogram for the mycelial growth of the various regenerants
(P. linteus cells derived from the 3rd screening program).
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Fig. 9. Growth cultures in 5 liter stirred-tank bioreactor. (A) Growth
culture with pellet forms, (B) growth culture with filamentous
forms, (C) comparison of cell growth extent in the bioreactor
growth cultures.
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Table 2. Comparison of fermentation parameters according to growth
morphology in suspended growth cultures performed with S
liter stirred-tank bioreactor

Morphological forms in the
growth bioreactor Large pellet Filamentous

Fermentation parameters morphology morphology

in the growth cultures

Final dry cell weight (g/L) 12.5 23

Maximum specific growth rate (1) (1/hr) 0.027 0.036

Lag phase period (hr) 48 14
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Fig. 10. Production cultures in S liter stirred-tank bioreactor. (A) Pellet
morphology in the growth culture and larger pellet forma-
tion in the production culture, (B) filamentous morphology in
the growth culture and small & compact pellet formation in
production culture, (C) comparison of cell growth extent in
bioreactor production cultures.
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Fig. 11. Morphology in the production bioreactor cultures. (A) Larger pellet formation in the production culture, (B) small & compact pellet forma-

tion in the production culture.

Table 3. Comparison of fermentation parameters according to growth morphology in suspended production cultures performed with 5 liter

stirred-tank bioreactor.

Morphological forms in
the growth bioreactor
Fermentation parameters and characteristics
in the production cultures

Large pellet morphology Dense filamentous morphology

Morphological form in the production bioreactor

Final dry cell weight (g/L)
Maximum specific growth rate () (1/hr)
Lag phase period (hr)

Larger pellet formation (larger than 1 mm in Small and compact pellet formation
diameter) (Refer to Figure 11(A))

(smaller than 0.5 mm in diameter)
(Refer to Figure 11(B))

10 33
0.02 0.03
66 12
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