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Abstract

The research was conducted to select the nitrogen sources and suitable light condition during Ganoderma
lucidum submerged culture (isolated in Vietnam). The results showed that organic nitrogen is more suitable
than inorganic nitrogen for the growth and synthesis of fungal polysaccharides. The amounts of incellular
polysaccharide and exopolysaccharide in this strain was highest when combined 7.5 g/L yeast extract and
2.5 g/L peptone. The light affected on the size, shape and the color of the DL cells in submerged culture.
Under optimum condition for nitrogen and light sources, the biomass, IPS and EPS content of DL strain were
13.90 £ 0.27 g DW/L, 15.33 £ 0.97 mg/100mg DW and 2349.76 + 46.94 mg/L, respectively.
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1. Pit van dé

Nam Linh chi d6 Ganoderma lucidum
(G. lucidum) 1a mdt loai dugc thao duoc xép vao loai
“thugng dugc” [1-4]. Nhitng hoat tinh cia G. lucidum
chi yéu do cac hogp chét polysaccharide (bao gom
polysaccharide ndi bao va polysaccharide ngoai bao),
hop chét chiém ty 18 16n nhat trong tat ca cac hop chat
¢6 hoat tinh sinh hoc dugc thu nhan tr qua thé nim,
ma trong d6 B-glucan 1a chu yéu va dong vai trd quan
trong boi kha nang ting cuong hé thong mién dich &
nguoi [5].

K¥ thut nudi trong ndm Linh chi do trén moi
truong nhan tao ngdy cang phat trién manh va & mot
s6 qubc gia nhu Nhat Ban, Trung Qudc, My, Viét
Nam, nudi trong ndm Linh chi d6 thu qua thé da dat
dén quy mo cong nghiép. Tuy nhién, phwong phap nay
gap phai nhiing kho khan nhu thoi gian nu6i trong kéo
dai tir 4 - 6 thang, qua trinh nu6i trong phu thudc nhiéu
vao nguon nguyén li¢u, thanh phin dinh dudng bd
sung, diéu kién nhiét do, do 4m va ké ca muc do 6
nhiém ciia mdi trudng xung quanh. Nhing nhugc diém
nay din dén chat luong qua thé khong dong déu, kho
kiém soat. Quy trinh trich ly cac hop chét ciing 1a mot
véan d& gy khé khian cho cac nha nghién ctru. Do dé,
ham lugng polysaccharide (PS) thu nhan thuong thap
va d¢ tinh sach khong cao [6, 7].

Theo nhiéu nghién ctru, PS chiét xudt tir qua thé,
tir bao tir va tir sinh khdi soi nAm thu nhan trong nuoi
cdy trén moi truong 16ng hodc rén déu c6 hoat tinh sinh
hoc tuong ty nhau [1, 3, 4]. Chinh diéu nay lam nay
sinh ra viéc ing dung phuong phap nuéi cay té bao -
v6n da thanh cong voi nhidu dbi twong sinh vat - trong
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thu nhan cac san phdm chuyén hoa & sinh khdi soi
G. lucidum.

Mbi trudng dinh dudng va diéu kién nuéi ciy la
cac yéu t& quan trong anh hudéng dén qua trinh nudi
céy té bao sinh vat noi chung va nudi ciy sinh khdi soi
G. lucidum noi riéng. Qua trinh gia tang sinh khdi va
sinh tong hop PS tir G. lucidum chiu anh hudng boi
ngudn duong, mto chat khoang, ham lugng oxy ciing
nhu diéu kién vé nhiét do, anh sang, pH... [8, 9].

Mot cong bb trude ddy cua nhom tac gia da xac
dinh duoc loai duong thich hop nhét cho su sinh
truong va tong hop PS cia ching G. lucidum (PL) la
lactose 60 g/L, thoi gian t6i wu cho su gia ting sinh
khéi cta ching 1a 10 ngay, ham luong PS ngoai biao
(EPS-exopolysaccharide) va PS  ndi  bao
(IPS-incellular polysaccharide) déu cao nhit & ngay
nudi cay thar 10 [10]. Nghién ciru nay tiép tuc khao sat
sw anh hudng ciia nguén nito va diéu kién 4nh sang dén
sy gia tang sinh khdi va hinh thanh PS (bao gom EPS
va IPS) cua ching nay.

2. Vit liéu - phuong phap nghién ctru
2.1. Giéng

Chung Ganordema lucidum c6 ngudn gbc Viét
Nam, da dugc phan lap va dinh danh tai Phong thi
nghiém B§ mén Cong ngh¢ Sinh hoc trudng Pai hoc
Noéng 1am thanh phd Ho Chi Minh, ky hiéu DL va duoc
cung cap boi cong ty TNHH TM DV KT Viét Doanh.

Gidng dugc cdy chuyén trén trén moi truong

PGA (potato glucose agar). Luu trir d1eu kién 4 °C, sau
2 tuan cdy chuyén mot lan dé duy tri gidng.
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Truée khi dwa vao giai doan nudi ciy chinh,
gidng trai qua 2 giai doan hoat hoa trén moi trudng
long c6 thanh phan: lactose 35 g/L, cao nim men
7,5 g/L, KH,PO4 1,0 g/L, MgS04+.7H,O 0,5 g/L,
vitamin B; 0,05 g/L, pH 5,5.

Hoat héa lan 1: Ding dao cit mang sinh khdi soi
moc trén dia thach thanh timg miéng nho c6 kich thudc
5 x 5 mm. Chuyén 5 miéng thach c6 sinh khdi soi vao
ong nghiém c6 10 mL nudc cat da hap khir tring, lic
manh va chuyén véo binh thity tinh 250 mL c6 40 mL
moi truong. Nudi trén méay lic tron toc do
120 vong/phut trong 7 ngay, diéu kién nhiét do phong
thi nghiém (29 - 31 °C).

Hoat héa lan 2: Chuyén 5 mL dich c6 sinh khéi
sau hoat hoa lan 1 sang binh thity tinh 250 mL c6
45 mL moi truong. Nudi trén may lic tron toc do
120 vong/phut trong 4 ngay, diéu kién nhiét d6 phong
thi nghiém (29 - 31 °C) [8].

2.2. Thi nghi¢m 1: Khdo sdt anh huéng ciia nguon
nito den sw gia ting sinh khoi va tong hop PS ¢
Ganoderma lucidum

Chuyén 5 ml dich c6 sinh khéi sau hoat hoa 1an 2
sang binh thuy tinh 250 mL c6 chira 45 mL mdi truong
nudi ciy co thanh phan lactose 60 g/L, KH,PO4 1 g/L,
MgS04.7H,0 0,5 g/L, vitamin B, 0,05 g/L, pH 5,5
[10]. Thay d6i nguon cung cép nito trong thanh phan
mdi truong nudi cay voi nong do va dat tén cac nghiém
thirc theo Bang 1. Nudi trén may lic tron toc do
120 vong/phiit trong 10 ngay, diéu kién anh sang mit
troi ty nhién cuong do 900 - 1100 lux (12 h) xen k& tdi
hoan toan (12 h) va nhi¢t d0 phong thi nghiém
(29 - 31 °C), sau d6 dimg thu nhén sinh khéi, do ham
luong PS (EPS va IPS).

Béang 1. B tri thi nghiém khao sat anh hudng cua
ngudn nito

N!tglilllrim Nguf”)n cung cAp nito N(();/i;i ¢
NT1 NH,4Cl 10,0
NT2 KNO; 10,0
NT3 Cao ndm men 10,0
NT4 Peptone 10,0
NTS Cao ndm men : peptone 7,5:2,5
NT6 Cao ndm men : peptone 5,0:5,0
NT7 Cao ndm men : peptone 2,5:17,5

2.3. Thi nghi¢gm 2: Khdo sat anh hwong cia dnh
sang den sw gia ting sinh khoi va tong hop PS ¢
Ganoderma lucidum

Chuyén 5 ml dich c6 sinh khéi sau hoat hoa 1an 2
sang binh thuy tinh 250 mL ¢6 45mL moi trudng nudi
cdy c6 thanh phan: lactose 60 g/L, KH.PO4 1 g/L,
MgS04.7H,0 0,5 g/L, vitamin B; 0,05 g/L, pH 5,5
[10], nguén nito thich hop dd dugc xac dinh tu thi
nghiém 1.
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Bang 2. Khao sat anh huong cua anh sang dén su gia
tang sinh khoi va tong hgp PS

Nghiém thirc Didu kién anh sang
Asl Anh sang mat troi ty nhién
cuong d6 900 - 1100 lux (12 gio)
xen k€ toi hoan toan (12 gio)
As2 Tbi hoan toan

Thay d6i diéu kién anh sing va dit tén nghiém
thirc theo Bang 2. Nudi trén may lic tron
120 vong/phut & nhiét d6 phong thi nghiém (29-31 °C).
Nuobi cdy trong 10 ngdy, sau do ding thu nhan sinh
khéi, do ham luong PS (EPS va IPS).

2.4. Xic dinh khoi lwgng sinh khoi

Sinh khdi sau thoi gian nuéi ciy dwoc loc bing
gidy loc, rira bang nudc cit 3 1an va siy & 50 °C dén
khoi lwong khong dbi [8]. Pat trong binh hut 4m tir
1- 2 gio. Can sinh khi bang can phén tich.

2.5. Xdc dinh ham lwong EPS

Dich méi truong sau nudi cdy dwoc tia bing
ethanol tuyét ddi (ti 1& 1:4) trong 12 gid. Sau d6 dem
ly tam & 4000 vong/phut trong 20 phuat. Thu tua, hoa
tan voi nudc cit va xac dinh ham lugng PS bing
phuong phap phenol - acid sulfuric [8].

Phuong phap phenol - acid sulfuric: Hat 1 ml
dich hoa tan tia cho vao dng nghiém, thém vao 1 ml
dung dich phenol 5%, 5 ml dung dich H>SO4 dam dac,
dé yén 10 phut, lic déu va dé yén trong 20 phat & diéu
kién 29 - 31 °C, do mét do quang ¢ budc song 490 nm.
Str dung chuan 1a glucose [11].

2.6. Xdc dinh ham lugng IPS

Lay 100 mg sinh khéi da say kho dem trich ly voi
NaOH IM giit & 60 °C trong 1 h gid. Loc 1y phan dich
trong, tién hanh xac dinh ham luong IPS bang phuong
phép phenol - acid sulfuric, twong tu truong hop
EPS [8].

2.7. Xir I 5o ligu

Céc thi nghiém duoc lap lai 3 14n, thuc hién theo
thé thirc hoan toan ngau nhién. Cac phép do duoc lap
lai 3 lan trén 1 mau. Két qua dugc xur 1y bang phan
mém thong ké SPSS véi d6 tin cay 95%.

3. Két qua va ban luin

3.1. Khdo sdt anh hwéng ciia nguén nito dén sw gia
tang sinh khoi va tong hop PS ciia Ganoderma
lucidum

Heé soi nam str dung ngudn dam dé tong hop céac
chét hiru co nhu purin, pyrimidin, protein, téng hop
chitin cho véch té bao [12]. Ngudn dam st dung trong
cac moi truong nudi cdy thudng ¢ dang mudi vo co
(nhu mudi nitrate, mudi amonium) hodc ¢ dang céc
hop chit hitu co (amino acid, protein) [9].
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Bang 3. Anh hudng cua ngudn nito dén su gia tang sinh khdi va téng hop PS

Neubn nito Néng o Nghfém Sinh khéi IPS EPS
g/ thire (g DW/L) (mg/100mg DW) (mg/L)

Dbi ching 0 bC 1,50 £ 0,06* 1,04 £ 0,032 88,66 + 2,507
KNO; 10 NTI 9,18 +£0,39° 7,30 +0,31° 546,47 + 11,90°
NH,4Cl 10 NT2 8,78 £0,17° 8,14 £ 0,57° 675,33 £11,77°
Cao ndm men 10 NT3 11,88 +0,12¢ 8,26 + 0,534 1047,01 + 45,45
Peptone 10 NT4 12,29 + 0,32 10,68 + 0,58¢ 1171,26 £27,87¢
Cao nAm men: peptone 75:2,5 NTS5 14,23 £ 0,429 12,77 £ 0,36° 1179,37 £ 36,25°¢
Cao ndm men: peptone 5,0:5,0 NT6 13,27 + 0,56¢ 15,07 = 0,46" 1422.83 + 31,984
Cao nam men: peptone | 2,5:7,5 NT7 14,66 + 0,84¢ 15,99 + 0,34¢ 1539,00 + 26,73¢

* Che mdu tw khde nhau biéu dién mire dg sai biét c6 y nghia (theo cdt) o d¢ tin cdy 95%

Két qua ¢ Bang 3 vé anh huong cua ngudn nito
dén sy gia tang sinh khdi va tong hgp PS & ching DL
cho thiy cac nghiém thirc c6 su bo sung nito trong moi
truong nudi cdy déu thu dwoc sinh khdi, ham luong
IPS va EPS cao hon so v6i mau déi chimg (méi trudong
khong bé sung nito). Cac ngudn nito vo co khong phai
1a ngudn thich hop cho su sinh trudng va tong hop PS
6 G. lucidum. Nghi¢m thuc st dung NH4Cl (NT1) va
nghiém thuc su dung KNO3 (NT2) déu cho cac gia tri
vé sinh khi, IPS va EPS thip hon hén céc gia trj thu
dugc ¢ nghiém thirc sir dung ngudn nito hitu co bao
gom cao nam men (NT3), peptone (NT4). Diéu nay c6
thé do trong qua trinh bién dudng, té bao chi st dung
thanh phan nito, con cac ion khac nhu Cl va K* khong
dugc té bao s dung, ching lam tang tinh acid (CI)
hodc tang tinh kiém (K*) caa m01 truong nudi cay, anh
hudng dén sy sinh trudng cia té bao [13]. Cac khao sat
ctia Fang va Zhong (2002) ciing khang dinh, nito vo co
khong phai 12 ngudn nito thich hgp cho nudi ciy chim
té bao G. lucidum. Cac tac gia cho rang G. lucidum
téng hop truc tlep cac protein tir cac acid amin ¢6 san
trong cac ngudn cung cap chat dinh dudng [8].

Khi st dung cac nguon nito hitu co riéng lé
bao gém peptone hodc cao ndm men, cac két qua vé
ham lugng EPS va IPS cia chung DL & nghiém
thic st dung peptone (NT4) lin luot 1la
10,68+0,58 mg/100 mg DW va 1171,26+27,87 mg/L
cao hon & nghiém thirc st dung cao ndm men (NT3)
lin lwot la 8,14+0,57 mg/100 mg DW va
1047,01+45,45 mg/L, mac du sy chénh 1éch vé sinh
khéi gita 2 nghiém thic khong dang ké (11,88+0,13
va 12,29+0,32 g DW/L, tuong ting nghi¢m thuc NT3
va NT4). Nhu vay, dbi vé6i chung DL, peptone thich
hop hon cao nim men trong qué trinh sinh tong hop
PS. Két qua nay tuong ty v6i két qua ciia Fang va
Zhong (2002) [8].
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Dé tim ra ngudn nito phu hop hon cho DL, ching
t6i da thir két hop cao nam men va peptone theo cac ty
1¢ khac nhau. Két qua cho thay khi ¢6 sy phdi hop, sinh
khéi ctia ching DL cao hon so véi khi str dung 1 ngudn
riéng 1¢, sinh khdi tang dong thoi vai sy tich liy IPS
(tinh trén mdi don vi sinh khdi kho). Tuy nhién, EPS
chi ting dang ké khi ket hop lugng peptone bang hodc
cao hon luong cao ndm men (nghiém thirc NT6 va
NT?7). O ty 1¢ két hop 7,5 g/L cao nam men va 2,5 g/L
peptone (nghiém thttc NT5), EPS thu dugc tuong
duong voi nghiém thitc NT4 chi st dung peptone
10 g/L. Cac s liéu ghi nhan duoc trong cac nghiém
thirc c6 su thay doi vé ty 1& két hop cao nim men va
peptone cang khing dinh peptone 1a ngudn nito thich
hop nhat cho tong hop PS & ching PL. Mic du sinh
khéi gan nhu bang nhau & cac ty 18 két hop, nhung
luong IPS va EPS thu dugc c6 sy khac biét ro rét trong
c4c truong hop. Ham lugng IPS va EPS dat cao nhét &
nghiém thirc NT7 (két hop 2,5 g cao nAm men va 7,5 g
peptone) lan luot 1a 15,99+0,34 mg/100 mg DW va
1539,00+£26,73 mg/L. Nghiém thirc c6 su két hop 7,5 g
cao nam men va 2,5 g peptone cho lugng IPS va EPS
thdp nhat trong tit ca cac truong hop, ham lugng IPS
va EPS lan luot 1a 12,77+0,36 mg/100 mg DW va
1179,37436,25 mg/L. Dua vao két qua phan tich sb
liéu (Bang 3), NT7 (2,5 g cao ndm men va 7,5 g
peptone) 1a t6t nhat cho sy ting sinh va hinh thanh PS
¢ chung BL.

3.2. Khdo sdt dnh hwéng ciia dnh sing dén sw gia
tang sinh khoi va tong hop PS ciia Ganoderma
lucidum

Anh sang 1a yéu t6 it dugc quan tdm trong nudi
céy chim cac loai nam 16n néi chung va G. lucidum néi
riéng. Hau nhu chua tim thay nghién ciru nao khao sat
anh huong cua diéu kién anh sang dén ting truong va
tong hop PS & G. lucidum. Tuy nhién, trong nudi trong
truyén théng thu nhin qua thé, cuong do anh sing
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manh c6 thé klém ché sy sinh truong cua soi nam, c6
truong hop giét chét soi nAm. Anh sang co thé pha v&
mot s6 vitamin va enzyme, anh hudng dén sy sinh
truong binh thudng cua soi ndm [9]. Do do, viée tim
hiéu su khac nhau trong qua trinh sinh trudng cua hé
soi nam trong nudi ciy chim 1a can thiét.

Két qua ghi nhan trén chung DL khi thyc hién thi
nghiém vé6i 2 ché d6 anh sang (diéu kién anh sing
phong thi nghiém - nghiém thirc As 1 va diéu kién tdi
hoan toan - nghiém thuc As 2) dugc trinh bay &
Béng 4. S6 lidu thu dugc cho thdy, sy khac nhau giira
2 diéu kién anh sang nay khong dan dén sy chénh léch
vé& sinh khéi va IPS, tuy nhién, EPS trong diéu kién t6i
(nghiém thirc As 2) dugc hinh thanh nhiéu hon trong
diéu kién 4nh sang phong thi nghiém (nghiém thirc
As 1).

EPS ciia chung DL trong diéu kién t6i hoan toan
1a 2349,76+46,94 mg/L, cao hon so véi khi nudi céy
trong diéu kién anh sing phong thi nghiém
(1629,36+330,86 mg/L). Sy chénh 1éch nay la kha 16n
va dang quan tam, khi hau hét cac PS c6 hoat tinh sinh
hoc quan trong déu ton tai & dang ngoai bao [6-7].

Anh huong cta diéu kién dnh sang con thé hién
13 théng qua su khéac biét vé kich thude va hinh dang
té bao trong cac binh nudi cdy. Khi dugc nudi trong

diéu kién t&i hoan toan (As 2), cac té bao c6 xu hudng
ling xudng day binh khi dwa vé trang thai ftinh
(Hinh 3). Piéu nay c6 thé do sy khac nhau vé ty trong
ctia té bao trong 2 diéu kién nudi cdy khac nhau. Cac
cum té bao cua chung DL trong diéu kién t6i c6 mau
nga vang hon so vdi trong diéu kién anh sang phong
thi nghiém (As 1) (Hinh 4).

Hinh dang cum té bao ciing c6 sy thay dbi khi
nudi cdy trong 2 diéu kién 4nh sang khac nhau. Chung
DL khi nudi ciy trong diéu kién t6i cho cac cum té bao
¢6 dang hinh que 5 rét, trong khi ¢ diéu kién 4nh sang
phong thi nghiém da sé cac té bao ¢6 dang hinh cau
hoac hinh bau duc (Hinh 5). Buong kinh cym té bao
hinh cau thu dugc trong diéu kién 4nh sang phong thi
nghiém tir 1,5 - 3,0 mm, chiéu dai cua cac cum té bao
hinh que thu dugc trong diéu kién tdi tir 3,0 - 5,0 mm.

Nhing s6 liéu thu duoc cho théy, nudi céy trong
diéu kién t6i hoan toan khong nhimg thu dwoc luong
EPS lai cao hon ma vén ¢6 thé thu dugc sinh khéi va
IPS twong duong voi diéu kién anh sang thuong. Day
1a mot wu diém khi mo rong quy mo nudi cay cac té
bao G. lucidum vi nuoi cay ¢ mirc cong nghiép thuong
sir dung céc fermentor bang thép khong ri, anh sang
khong thé xuyén qua [13].

Béng 4. Anh huong cta anh sang dén sy gia ting sinh khi va tong hop PS

Sinh khéi IPS EPS
Nghiém thic
(g (mg/100mgDW) (mg/l)
As1 15,25+ 0,86° 15,58 £ 0,712 1629,36 + 30,86
As?2 13,90 £0,27° 15,33+ 0,97* 2349,76 + 46,94°

* Cdc mdu tw khdc nhau biéu dién mike dg sai biét ¢6 y nghia (theo cét) & dé tin cdy 95%

Hinh 3. Sinh khi ctia chung DL ¢ céc diu kién 4nh sang khéc nhau, thang do 1 cm
(a) Anh sang phong thi nghi¢ém; (b) T6i hoan toan
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UL

Oem 1 2

Hinh 4. Mau sic cac cum t€ bao ciia chiing DL & céc diéu kién anh sang khac nhau
(a) Anh sang phong thi nghiém; (b) T6i hoan toan

(8

4 "

Hinh 5. Hinh dang té bao ciia chung DL ¢ cac diéu kién anh sang khac nhau, thang do 1 cm
(a) Anh sang phong thi nghiém; (b) T6i hoan toan

4. Két luan va kién nghi
4.1. Két lugn

Tir nhitng két qua ghi nhan dugc trong pham vi
nghién cuu cua dé tai, chung t6i rat ra duge mdt so ket
luan nhu sau:

- Nito hitu co thich hgp cho cac hoat dong sinh
truong va chuyén hoa cua cac chung G. lucidum Viét
Nam. Ham luong EPS va IPS ciia chung DL cao nhét
khi két hop cao ndm men va peptone véi ty 18 1:3 bd
sung vao moi trudng nudi cdy.

- Anh sang anh huong dén kich thudc, hinh dang,
mau sic cia cic cum t& bao va ham luong EPS thu
dugc trong nudi cdy chim G. lucidum. Ham lugng EPS
ctia ching DL khi dugc nudi cdy trong didu kién toi
hoan toan co sy gia ting dang ké mac du vé sinh khdi
va IPS khong c6 sy chénh Iéch.
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4.2. Kién nghj

Do nhitng han ché trong qué trinh thyc hién dé
tai, chiing t61 c6 mdt so kién nghi nhu sau:

- Khéo sat trén cac chung G. lucidum khac cé
ngudn goc Viét Nam.

- Khao sat anh hudng ctia cac ngudn nito hiru co
khac (nhu dich chiét tur vi tdo, dich chiét tir nam men,
nam moc...).

- Khao sat thém anh hudng cua cac yéu té dinh
dudng khac nhu cac vitamin (nhu vitamin By, vitamin
A...), cac khoang vi lugng (KH>PO4, MgSOs...).

- Khao sat anh huong cua cac diéu kién nudi cy
nhu nhiét d6, pH mai truong, ché d6 lic nhiam téi vu
ché d6 nuoi cay.
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