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Medium Optimization and Submerged Culture for Cenococcum geophilum Fr.'
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A]mm Based on the results of the single-factor tests, the medium components of four strains of Cg (CgSO1, CgSB2, CgO5
and SPOP2) were optimized by the orthogonal tests. The results showed that the four strains of Cg required different medium
components and different carbon sources, nitrogen sources, microelements, mineral salt components and vitamins. The best
carbon source and nitrogen source for CgSOI1, CgSB2 and CgOS5 were glucose + wort and beef extract while SPOP2 were wort
and ammonium tartrate. The appropriate amount of microelements, mineral salts and Vitamin B1 enhanced the growth of
CgSO01, CgSB2, CgO5 and SPOP2. The results of the optimized medium by plate culture could be used in liquid culture and the
biomass of the four strains in liquid culture were 13.2, 12.4, 18.9 and 15.1 g/L, respectively, which all met the requirement of
liquid fermentation production. Fig 1, Tab 6, Ref 17

Eeyrmands Cenococcum geophilum Fr.; orthogonal test; culture medium; optimization; liquid fermentation
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Table 1 Factors and levels of orthogonal tests of the four Cg strains

LSEISES A: FERE+ R 2R B: - ARR B C: TR L D: AP ERERERIR L
Level/factor Glucose (m/g) + wort (¢/mL L") Beef extract (p/g L") Trace elements (p/mL L™) Ferric citrate (9/mL L™)
CgSO1 1 19.6+49 377 0.6 3
2 22.7+53 4.35 0.8 6
3 25.2+63 4.84 1.0 9
ACF/H A: FEIE+ R 2R B: AR B C: MgSO, D: B TR IKE
Level/factor Glucose (m/g) + wort (p/mL L) Beef extract (p/g L) (p/gL™) Trace elements (p/mL L)
CgSB2 1 19+15 2.17 0.6 0.5
2 25420 2.88 0.8 1.0
3 31425 3.60 1.0 1.5
VSIS A HIEE ST IR I B: IR BIRE C: T RIRE D: 4 KBIREE
Level/factor Glucose (m/g) + wort (p/mL L™) Beef extract (p/g L) Trace elements (p/mL L) Vitamin B1 (¢/mL L)
Cg05 1 17.0+40 6.52 1.0 1
2 22.7+53 8.70 1.5 5
3 27.5+67 10.87 2.0 10
ACF/IH A F IR EE B: {141 PR B IR FE C: MEITRIKE D: FrERERIREE
Level/factor Wort (p/mL L) Ammonium tartrate (p/g L")  Trace elements (p/mL L) Ferric citrate (p/mL L™)
SPOP2 1 250 1.4 1 1
2 330 1.8 2 3
3 410 2.3 3 6
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Table 4 Results and analysis of orthogonal test of CgO5

30K 50 45 A Wi h T LA L B2 CgSB2E K Wi s I3 Factor i
Experiment No. A B @ D Biomass
R2 CeSOIELIRIBER R AT 1 1 1 1 1 0.0907
Table 2 Results and analysis of orthogonal test of CgSO1 2 1 2 2 2 0.0959
R FH2 Factor oAy 3 1 3 3 3 0.0853
Experiment No. A B C D Biomass 4 2 1 2 3 0.0949
2 2 1 d
1 1 1 1 1 0.0567 Z 2 3 ? 2 8 83(5)2
2 1 2 2 2 0.0622 7 3 1 3 5 0.0986
3 1 3 3 3 0.0544 '
8 3 2 1 3 0.0979
4 2 1 2 3 0.0622 9 3 3 ) 1 0.0963
2 z i ? ; ggg?; K, 0.2719 0.2841 0.2791 0.2825
- 3 | 5 5 0.0566 K, 0.2801 0.2893 0.2871 0.2849
3 3 ) 1 3 0'0571 K, 0.2927 0.2721 0.2793 0.2781
9 3 3 2 1 0'0555 ky 0.0906 0.0947 0.0930 0.0942
: .0934 .0964 0. .
K, 0.1723  0.1765 0.1757 0.1753 iz g 8237’6 g 32(6)7 g gg;? ((; gg;g
K, 0.1882 0.1824 0.1799 0.1807 4‘))7(%R 0'0070 0'0057 0'0027 0'0023
K, 0.1692 0.1708 0.1741 0.1737 IR . ' ' ’ ’
K 0.0574 0.0588 0.0587 0.0584 vy ety A>B>C>D
and secondary order
k, 0.0627 0.0608 0.0599 0.0602 B A Ot
ks 0.0564 0.0536 0.0580 0.0579 ;’Xofﬁﬂ o DU A,B,C,D,
ez R 0.0063 0.0072 0.0019 0.0023
and seeondaty order” BoASD=C %5 SPOP2ERHBARRAMA
BARAE Opti Table 5 Results and analysis of orthogonal test of SPOP2
mILAE Optimum A,B,C, D,
combination R [X|Z Factor R
%3 CgSB2IE3‘Ziit‘,EﬁZ*%&ﬁ$ﬁ Experiment No. A B C D Biomass
Table 3 Results and analysis of orthogonal test of CgSB2 . . ) I ! 06l
2 1 2 2 2 0.0534
RIS A3 Factor AR 3 1 3 3 3 0.0539
Experiment No. A B C D Biomass 4 2 1 2 3 0.0566
1 1 1 1 1 0.0685 5 2 2 3 1 0.0553
2 1 2 2 2 0.0802 6 2 3 1 2 0.0558
3 1 3 3 3 0.0775 7 3 1 3 2 0.0653
4 2 1 2 3 0.0747 8 3 2 1 3 0.0634
5 2 2 3 1 0.0821 9 3 3 2 1 0.0625
2 § ? ; ; g'gggi’ K, 01533 01679 0.1652 0.1638
8 3 2 1 3 0.0833 K, 0.1777 0.1721 0.1725 0.1745
9 3 3 2 1 0.0812
K, 02262 02283 02321 02320 K, 0.1912 0.1722 0.1745 0.1739
K, 0.2371 0.2456 0.2361 0.2456 k 0.0511 0.0559 0.0551 0.0546
K, 0.2506 0.2400 0.2457 0.2355
k, 0.0754 00761 00774 0.0776 k, 0.0592 0.0574 0.0575 0.0582
k, 0.0790 0.0819 0.0787 0.0819 ky 0.0637 0.0574 0.0582 0.0580
ks 0.0835 0.0800 0.0819 0.0785 .
WZR 0.0081 0.0058 0.0045 0.0043 7R 0.0126  0.0015 0.0031 0.0036
EWRIEF Primary ASB>CSD FEIRIFF Primary ASD>CSB
and secondary order and secondary order
A4 Optimum L4 Optimum
combination BT, combination £y 12, €5 10)
RN SH B 49244t Chin J Appl Environ Biol http://www.cibj.com/
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Table 6 Mycelial biomass of the four Cg strains in the optimal
culture medium

. TR AR A &
S%fikn Te?c%éﬁ!?i:on Bfn%ﬁ of?ngle gﬁas’s@)f liquic_i1
colony (m/g) shake flask (p/g L™)
CgSOl1 A,B,C,D, 0.064 3 13.2
CgSB2 A;B,C,D, 0.085 3 12.4
CgO5 A;B,C,D, 0.098 9 18.9
SPOP2 A,B,C,D, 0.065 9 15.1
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Fig. 1 The growth curves of CgSO1 (A), CgSB2 (B), CgO5 (C) and SPOP2 (D) in the confirmatory test

http://www.cibj.com/

Chin J Appl Environ Biol [ ]S54 1244k



AR SRR S R R 1)

B WA 5 F7 %) 15 IR B HEAT (AL —Fh 5 BT AT A SR A

TEACAR 5 B AR B SRk b, ARk Cg i TH 22 7™ i 44 15 5
T12.0 g/LLAE, 7245 5 55 F A Az AR L T 4 B 7L A4 T 7R
Suillus luteus) K BEHIE TR FAFHATIANT, RA WAL K12,
0 g/ L"), MOAR IGO0 A0 J5 15 92 56 O 3k 3 1 1 22 WA K 1
AR, AT A DR Ce Rk i B IX — MR, S Cg it il 45
ARBIRET, R0 0 VR 4R AL SRR AR , IO Cefe N 5E Tt Il
Mo B AR AL T W B S AR R 1 O P 9 11 B B B R Al (Al
JE A B BR 7 BT A T A B e, (HASHIE S SR AR 52
5 VAR EELAS IR T BT, ZSE™ AT &, b 2E 4T
T 2 A B ORI 36 B AR S R R I A5, AR
TAFIEAE#EAT A

1 Matsuda Y, Hayakawa N, Ito S. Local and microscale distributions of
Cenococcum geophilum in soils of coastal pine forests. Fungal Ecol,
2009, 2 (1): 31-35

2 Allen ME. The Ecology of Mycorrhizae. New York: Cambridge
University Press, 1991. 113-118

3 Vohnik M, Fendrych M, Albrechtova J. Intracellular colonization
of rhododendron and Vaccinium roots by Cenococcum geophilum,
Geomyces pannorum and Meliniomyces variabilis. Folia Microbiol,
2007, 54 (4): 407-414

4 He XH, Duan YH, Chen YL, Xu MG. A 60-year journey of mycorrhizal
research in China: past, present and future directions. Sci China Life Sci,
2010, 53 (12): 1374-1398

5 Buscardo E, Rodriguez—Echeverria S, Martin MP. Impact of wildfire
return interval on the ectomycorrhizal resistant propagules communities
of a Mediterranean open forest. Fungal Biol, 2010, 114 (8): 628-636

6  Goncalves SC, Martins—Loucao MA, Freitas H. Evidence of adaptive
tolerance to nickel in isolates of Cenococcum geophilum from serpentine
soils. Mycorrhiza, 2009, 19 (4): 221-230

7 BRSLAr, EfE, e, A2 (Cenococcum geophilum Fr.)RY T Fl4
E RIS T 0], AR, 2007, 40 (10): 2214-
2220 [Chen LH, Yan W, Xu Y. Identification and preliminary analysis of
genetic diversity of Cenococcum geophilum Fr [J]. Sci Agric Sin, 2007,
40 (10): 2214-2220]

8 Mohammad B, Sergei P, Urmas K, Leho T. A single European aspen

US4 Chin J Appl Environ Biol

http://www.cibj.com/

10

11

13

14

16

17

(Populus tremula) tree individual may potentially harbour dozens of
Cenococcum geophilum 1TS genotypes and hundreds of species of
ectomycorrhizal fungi. FEMS Microbiol Ecol, 2011, 75 (2): 313-320
Gavin K, Glenn P. Host associations between fungal root endophytes and
boreal trees. Microb Ecol, 2011, 62 (2): 460-473

TR, 246, R, 42 H T (Cenococcum geophilum Fr.)HE 2214
AR FRAAFRIRIEATIE]. NS RO 244], 2005, 16 (1): 34-36
[Bao QL, Yan W, Liang XL. A preliminary study on the mycelial pure
culture conditions of Cenococcum geophilum Fr. [J]. J Inner Mongolia
Agric Univ, 2005, 16 (1): 34-36]

Maria R, Tomasz L, Malgorzata S. Species and functional diversity of
ectomycorrhizal fungal communities on Scots pine (Pinus sylvestris L.)
trees on three different sites. Ann For Sci, 2011, 68: 5-15

BhOKZE, 1AM, EROC. BRI X A2 A BARAIB S8 K Sy
FUE ). Mol R, 2011, 47 (6): 108-113 [Fan Y, Yan W, Wang LY.
Morphological type and molecular identification of ectomycorrhizae on
Picea crassifolia in Helan Mountain [J]. Sci Silv Sin, 2011, 47 (6): 108-
113]

Douhan GW, Huryn KL, Douhan LI. Significant diversity and potential
problems associated with inferring population structure within the
Cenococcum geophilum species complex. Mycologia, 2007, 99 (6): 812-
819

Kipfer T, Egli S, Ghazoul J, Moser B, Wohlgemuth T. Susceptibility of
ectomycorrhizal fungi to soil heating. Fungal Biol, 2010, 114 (5/6): 467-
472

R E, BRI, DR, XS2 . AR IR FUAR T B R BRSO AL ). &
T S4B AR AR, 2009, 28 (3): 390-396 [Li M, Yan W, Du GC, Chen J,
Liu LM. Optimization of fermentation conditions by Suillus luteus [J]. J
Food Sci Biotechnol, 2009, 28 (3): 390-396]

ERUA, BEOE. EIf. 2 ek Aas A W22 A KD ek
£ R, 2011, 38 (7): 1000-1006 [Cao FJ, Yao QZ, Yan W. Influence of
Raphanus sativus L. on the mycelium growth of Cenococcum geophilum
Fr. [J]. Microbiology, 2011, 38 (7): 1000-1006]

BTN, T3, fTIFE, 0, 25, RN, S AR M LR 2 = =ik
WA BESRAEI]. A S PR 2540, 2011, 17 (6): 901-906 [He YC,
Pu Q, He KZ, Tan J, Li J, Zhao ZJ. Optimization of liquid fermentation
conditions of Antrodia cinnamomea producing triterpenoid by uniform

design [J]. Chin J Appl Environ Biol, 2011, 17 (6): 901-906]



