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Abstract; Ganodernta lucidum (G lucidum ) is  widcly used macro-funges of traditional Chinese mesicine
and its demand is increasing. G. lucidum has been regarded as a flagship species for the research on medicinal
fungi growth. development and sccondary metabolism. Ausin has long been recognized as a hormone
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essential for Slmost every apect of PIAnt growih and Gevelopment. Autia witely presented not only in
piants, bat alsa in the endogenous bacteria and mycorrhizal fungi. Differcnt from endogenous bacteria and
mycorrhizal fungi for promating the growth of hast plants, IAA secteted by macro-fungi was deduced 10 be
mainly for their growth and develogment, 1 s lack af research in IAA syniheie pathway in macro- ungi uatil
wow. In the previous research, we discovered and reposied the endogenous auxia in the mycelium of G.
fucidum for the first time. The synthesis pathway of auxin and its effect oa G. lucidiom should be
meaningfal. In this stody, the codogenoes auin IAA was determined by HPLC at differeat stages of G
Tucidum frsiting body morphogenesis. The maximum IAA content was 253, 313 ya/g and appeared in the
second period which was the rapid growth period during G. lucidum [ruiting body marphogenesis. The
synthesis pathway of TAA in G. lucidum was predicied based on the genome. The prediction resulls showed
that a complete TAM pathway for IAA biosyathesis pathway might cxist in G. fucidiom . 1PA amd TAM
pathway alio were propased. The relative expression of Ney cazymes gene in the predicted IAA synthesis
pathway at different stages of G. lucidum was determined by qRT-PCR. Corresponding 10 the maximuny
TAA content, the relative expression of related IAA biosynthetic genes was also the highest in the second
petiod in addition 1o ami gene (GLESBII-RL). These resulis pravide insights into the cosnection between the
TAA biosyathesis and the differeat growth stages in G ucidu. 1t was significative for urthes clocidatieg
the relationship between the endogenoss auxin and the growth of G fucidur.

Introduction

Ganoderma lucidum (Cuntis; Fr.) P. Karst. is one of the best-known medicinal macrofungi in
cast Asia and its pharmacological activities are widely recognized, Modern pharmacalogical
research has demonstrated that G. luckdum cxhi
tumor, anti-hypertensive, antiviral and immune modulatory activit

multiple therapeutic activitics, including anti-
ies'". G. lucidum has been
regarded as a flagship species (model organism) for the rescarch on medicinal fungi growth,
development and secondary metabolism with its simple culture condition, short growth eycle and

rich active ingredients'®),

Auxin has long been recognized as a hormone essential for almost every aspect of plant growth
anddevelopment™ . Indole-3-acetic acid (IAA) is the main auxin produced by plants, synthesized
by tryptophan (Trp )-dependent pathway and Trp-independent pathway. It has been clearly
demonstrated that Trp-dependent auxin biosynthesis is essential for embryogenesis, seeding growth,
flower development, vascular patiern formation and other development processes™. IAA is
the trypt TAM) pathway. pyruvi
acid (IPA) pathway. indole-3-acetonitrile (IAN) pathway and indole-3-acetamide IAM) pathway.
It was presumed that IPA pathway and TAM pathway are the main types of tryptophan dependent
pathway in IAA biosyathesis™ . The IAM pathway only exists in the microorganism and the IAN
pathway was found in few plants™* have defined a simple two-step pathway of auxin from Trp in
Arabidops ; The first chemical step of auxin biosynthesis is the removal of the amino group from
Trp by the Tryptophan Aminotransfer of Arabidopsis (TAA) family of transaminases 1o generate
indole-3-pyruvate (IPAJ. IPA then undergoes axidative decarboxylation catalyzed by the YUCCA
CYUC) family of flavin monooxygenases to produce IAA, The two-step conversion of Trp 10 IAA
has been comsidered a main auxin

synthesized from Trp via four possible pathway

ynthesis pathway that plays an essential role in many
developmental processcs.

Auxin widely presentednot only in plants,but also in the endogenous bacteria and mycorrhizal
fungi. The key enzymes genes of auxin synthesis process were reported from Vohariella volvacea
1. In previous studics, we discovered the endogenous auxin in the mycelium of G. lucidum ™,
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Different from endogenous bacteria and myeorrhizal fungi for promoting the growth of host
plants, IAA sccreted by macrofungi was mainly for their growth and development. It is lack of
research in TAA synthetic pathway in macrofungi until now. To the best of our knowledge, we
report the auxin synthetic pathway in G. lucidum for the first time. In this study, HPLC were
used to detect TAA at different growth stages of G. lucidum . The Trp-dependent pathway of IAA
in G. lucidum was predicted with the premise of the genome. The key enzymes genes in the
synthetic pathway of TAA were analyzed and real-time PCR was used (o detect the expression of
key enzymes genes. The effect of endogenous IAA on the growth and development of G. ucidunt
was 10 be deduced.

1 Materials and Mcthods

1.1 Strains, culture conditions and weight determination

‘The strain of G . lucidum S, was from the biological fermentation laboratory at the Instiutc of
Medicinal Plant Development, Chinese Academy of Medical Sciences &Peking Union Medical
Collage, originated from the strain CGMCCS. 533 (China General Microbiological Culture
The diameter of short-cut wood used was 12 cm, sterilized
and then the strain inoculated. cultured at 25 C with dark for 60 days, and moved into greenhouse.

Four different development stages were divided; the first periodwas primordia initiation; the
second the third period pileus di ions the fourth period the spore
ejection. Samples were randomly selected and taken for each period. The fresh and dry weight
were determined. 5 i
1.2 Determination of TAA by HPLC

10.0 g fresh fruiting body was accurately weighed, grinded with mortar and pestlc in liquid
nitrogen, added 100mlpre cooled B0% methanol, exiracied overnight at 4 T. Three independent
biological replicates were performed for every period. The solution was centrifuged under
5000 r/min for 15 min, supernatant fluid retained, detritus extracted again for 1 hr, centrifuged as
the ime and supernatant fluid combined. The supernatant was evaporated at 40 €. After
adjusted pH to 8.0 with 1 mol/L disodium hydrogen phosphate. aqueous solution was extracted
3 times with petroleum benzin and ethyl acetate (V:V=1:1), discarded the organic phase. Added
1g polyvinylpyrrolidone 1o the aqueous solution to adsorption of phenolic compounds, shaked
uged and retained supernatant fluid. Adjusted the pH of supernatant
fiuid 10 3.0 with 2 mol/L citric acid, then extracted 3 times with equal volume of ethyl acetate,
‘combined ester phase. The ester phase was evaporated to dryness under 40 T and the residue was
dissolved in methanol, transferred to a 10 ml volumetric flask. The samples were filtered through a
0. 22um micro-filtration membrane. The chromatographic column was Diamonsil C18 column
4.6 mmX 250 mm, 5 u m). The mobile phase consisted of methanol-0. 6% acetic acid with a
gradient elution from 5%-50% methanol over 10-30 min, 50% methanol. The flow rate was
1.0 m/min and column temperature was set at 35 C with sample volume 20 uL. The detection
wavelength was 254 nm. The chromatogram is shown in Figure 2.
13 of J calibration

The reference substance TAA 0.1g (purity 98%) was aceur

30 min with shaker, cent

y weighed. The

chromatographic pure methanol was added 1o dissolve and constant volume to 100 mL with the
concentrations 1 mg/mL. Detect 10 ug/mL, 0.1 ug/mL and 1 ng/mL reference substance by C18

chromatography column. The IAA detection limit was 0.1 ug/mL. According 1o the content of
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IAA in the sumple. 5. 10, 20, 30, 40, 50, 100, 200, 300, 400, 500 ug/mL IAA standard solution
was prepared. 20 pl standard solution was taken te snalyze under the chromatographic conditions
respectively. Draw a standard curve and make regressi

the reference as abscissa, peak area as the ordinate. The results showed that the regression equation
of IAA was Y = 1E+ DGX-89160, RZ =0, 9985,
1.4 Prediction of IAA synthesis pathway

Download thecds sequence of G. lucidum on hup.//www. herbalgenomics. org/galu . Then
wpload the prediction coding gene 1o KEGG web site, using KAAS automatic annotation server
Chitps//www. genome. jp/tools/kaas/) te predict the whole gemome metabolic map of G.
fucidwm . Best hit bi-directional method was carried out, the selected 38 reference organisms were:
hsa, dme, cel, ath, sce. cho, eco, nme. hpy, 1pr. bsu, lla, eac, mge, miu. ctr. bbu. syn. bih,
dra, aae. mja, ape. cne. ppl. mpr. uma, mgl, tml, yli, ner, s, ani, aor, ang, osa, cme, tet.
(E-valuc <<0.00001), other parameters default. Abbreviations of each species could be quericd on
hiip://www. genome. jp/kans-bin/kass _ org? tax = /biofuser/ideas/kaas/ references/
taxonomy&genome = /bio/user/idcas/kaas/ references/ gename.
1.5 Sequence annotation. phylogenetic analysis and molif defcetion

The theoretical isoclcetric point (pl) and molecular weight (Mw) of the retrieved sequences

were predicted using the Compute pI/Mw tool on the Protparam Chutp.//web. expasy. org/
protparam/) . Canserved domain predicied scan analysis using Plam C hitp://pfam. xfam
arg/)™ . Motifs were detected using MEME € version 3. 0377, Phylogenetic trees were
constructed using MEGA 5.0 with the ncighbor-joining method”. Bootstrap test was replicated
1000 times.

1.6 RNA extraction and quantitative real-lime reverse transeription-PCR (qRT-PCR)

Total RNA was extracted from fruiting bodies using the Quick RNA Isolation Kit
(Huayueyang, China). RNA integrity was analyzed on a 1.0% agarosc gel. RNA quantity was
determined using 8 NanoDrop 2000C Spectrophotometer ¢ Thermo Seientific, USA). ¢DNA
synihesis was carried out using FastQuant RT Kit (Tiangen, China). qRT-PCR were performed
with the SuperReal PreMix Plus (SYBR Green) kit (TIANGEN,, China) in triplicate. Gene-specific
primers (Table 1) were designed using Primer Premier 5.0. The length of amplicons is between
150 bp and 250 bp. Gipd was selected as a reference gene as described previously. SYBR Green RT-
PCR reactions of samples were performed using 2 X SuperReal PreMix CTIANGEN , China) in 10 yl
volumes containing 1yl of ¢DNA template and 10 ;M forward and reverse primers. The program
used was; 15min at 95 T ; 40 cycles of 98 T (155), 60 'C (30 )5 with a melting curve from 60 T
1095 T Cincrement 0.5 T/s). Reactions were run in BioRad CFX9 (BioRad, USA). Three
independent biological replicates were performed. Statistical analysis was earried out as described.
2°%% was used 10 achicve results for relative quantification. For statistical analysis, ANOVA
Canalysis of variance) was calculated using SPSS (Version 17.0, IBM, USA).

2 Result

2.1 Growth and development of G, lucidum Truiting body
Figure 1 shows the growth status of the fruiting bodies ofG. lucidum in four periods. The
fruiting bodics were the heaviest at the fourth period and the average dry weight was 101.0 g.
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1 Froiting maturity of G. fucidum at different stages

2.2 IAA content in different stages of G, lucidua

PLC was used to deteet the IAAcontent at different stages. The chromatogram was showed in
figure 2. The peaks of IAA appeared in about 16 min. and the retention time was stable among
replicates. It has been proved the content of endogenous LAA in G lucidum could be detected by
HPLC (Figure 2). The output of TAA of the second stage (2

313 ug/g) was significantly higher
than the first €7.677 ug/g)  the third (48,716 ug/g) and the fourth stage (5.786 ug/g). This might
because the second stage was the fastest growih period (Figure 33
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Figwee. 2 HPLE chromatograms of reference ssbstance (A} and the third pecied (1)

2.3 Genemic analyses to predict the IAA biosynthetic pathways in G. lucidum

KAAS automatic annotation server was used 1o predict IAA biosynthesis. TAA biosynthesis was
contained in tryptophan metabalism pathway and the number was 00380 on the KEGG. 41 genc
sequences were matched 10 the trypiophan metabalism pathway, and 13 gene sequences relaied to
the synthesis of IAA (Figure 4):two Tryptophan aminotransferase (Tam1), an aromatic-L-amino-
acid decarboxylase (DDC). a diamine oxidase {AOC1), six aldehyde dehydrogenase (NAD 4 )
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CAldh) and threc amidasc (AMI). Prediction reslt 300-
indicated that the complete TAM pathway was found in .
lucidum . Trp was first converted 1o Trpytamine CTAM) by §m
the DDC of amino decarbaxylase and TAM was catalyzed to H
Indole-3-acctaldehyde ( Aldh) by AOCI. subsequently TAA

was produced from IALD by the Aldh family of dehyde 8
dehydrogenase. Tn G. lucidum ., meanwhile, the 1PA

pathway and TAM pathway may also existed for the Tam1 in * ¥, a L
the IPA pathway and the AMI in the IAM pathway ko were Figare, 3 Vaciation of 1AA fn
predicted. G, lucidum 3t different stages

Table 1 Reference table For cazymes amd gemes.
Geoe ID Name EC mumber CDS (bp) AA (aa) Pl MW (D) Comerved domain  hmm acc

OLZTTIRL Taml 28137 1200 38 851 MOSL32  Amisewrand2  PROOISS.19
OLUZSSR! Taml 26.1.27 LN w60 4T Aminotean 12 PPOIIES. 19
OLHOGRI  DDC 41138 153 510 581 5693083 Pyridomal deC  PFONZE2.1T
OLIZZAGRI  ACCL 1.4.3.3F 2808 934 655 10501311  Coamincord  PFOIITS.I
GLIIZARI  Aldh 1203 158 56 6.2 SITIT8S Abdedn PRO71.20
OLIIGRI AN L2013 3M 016 605 1AL Abdedn PROITI 20
OLISTZRI AN L2013 1632 532 748 STEZLER Aldedh PROAI7I. 20
OLIMIIRI AN L2013 168 S5 0.0 60788 Aldedn PROOLTL 20
OLIGI4RI  AKE  LZ1L3 MM 476 651 551035 Alded PROTL 20
GLISISRI  AMB 1203 185 568 6.3 S23.00 Aldedh PROGITL 30
GLIGIBRI  AMI  B504 1658 S5 4B STHOS.0B Amidase PROIAZS 19
GLISZLRI  AMI  B514 1662 2 550 61006.06 Amidase PROLEZS. 18
GLISW-RI  AMI 1514 IM3 519 5.01 2448 Amidase PROLEZS. 18

L-amino-acid decarboxylase (DDC)

the forecast results of KEGG website, 1G1ddc gene (EC 4.1.1.28) existed in G
lucidum genome and the number was GLZI006-R1. Full length CDS of GLZ1006-R1 gene was 1536
bp. encoding 510 amine acids. The predicted isoelectrie point of the encoded protein was 5.83, and
the relative molecular mass was 56934, 83 Da. A

Teypephan
pyridoxal-dependent decarboxylase conserved i
domain (71.427 aa) was predicted by Plam. / l we N
Pyridoxal-5'-phosphate-dependent amine  acid Indudpyrense Trypsmise
decarboxylases can be divided into four grosps \ i AT ek setamite
)

based on amino acid sequence™. DDC belongs

wn,

10 Group 11 °, including glutamate. histidine. l ot

tyrosine and aromatic.L-amina-aci

decarboxylases.  DDC  catalyses  the

decarboxylation of trypiophan fo tryptamine. Figure. & Prediction of IAA biosynihesis i
G, lechduns

Phylogenctic analysis of DDC amino acid
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sequences of 12 species of fungi and § species of plants was made (
G. tueidum. The results showed that the closest r

gure 5, including GLDDC of
ionships with GLDDC were Trametes
vericolor and Obba rivlosa who belong. to Basidiomycota agaricomycetes palypores. With the
MEME program. a total of 15 conserved motifs were identified in DDC from the fungi and plants
mentioned previously . The result showed DDC was relatively conserved in fungi and plants. with
individual species missing 1-2 moti
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Figare. & Phylopenetie and Motif analysis of GLDDC and D from other fungi and plants

2.4.1.2 Diamine oxidase (AQCI

Anacc] gene (GLZZ246-R1) was found in G. lucidum genome, EC 1.4.3.22. Full length
CDS of GL22246-R1 gene was 2808 bp. encoding 934 amino acids. The predicted isoclectric point
of the encoded protein was 6,55, and the relative moleeular mass was 105013. 11 Da. GLAOC1
contains a copper amine oxidase characteristic domain (384441, 481-853 au) and a transr
signals (38-57 aa). AOCI acts as a disulphide-linked homodimer and catalyses the oxida
primary amines to aldehydes, with the subsequent release of ammonia and hydrogen peroside.
which requires one copper ion per subunit and &

paquinane s cofactor'. ADCL amino acid
sequences of 13 species of fungi ( Figure 6) showed that the AOC] sequence was mainly divided into
iwo categories. GLADCL was in categories A which includes AQC] fram agaricales . polyporales
boletale <tc. belong to Basidiomycoa . Catcgories B includes AOCI from Ascomycots. fungi.

PE
Figure. 6 Phylogenctic and Motif analysis of GLAOCI and AOCI from other fangi.

2.4.1.3 Aldehyde dehydrogenase(NAD + }(Aldh)
According 10 the forecast results of KEGG website, 6GIAIdh genes (EC 1.2.1.3) were found
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in G. lucidum genome. GL30I74-R1. GL24130-R1, GL2G6572-R1, GL2Z3133-R1, GLZ0SI4-R1,
GLI8415-R1, respectively, Full length CDS was between 1437 bp 1o 3054 bp. coding from 476 aa to
1016 aa. The predicted isoclectric point of the cncoded protein were between 6.05 and 8,19, and
the relative molccular mass were between 52510.35 Da and 112172, 97 Da. All 6 GIAldh contain
Aldedh characteristic domain (Table 1), belong to Aldehyde dehydrogenase family. acting on
aldchyde substrates with NADP" as & cofactor ™. Aldehyde dehydropenase is a key enzyme in the
final stcp of TAM pathway which catalyzing indole-3-acctaldehyde to produce IAA. Phylogenetic
analysis of Aldh amino acid sequences of several kinds of polyporales fungi (Figure 7) showed that,
6 GlAldh were divided into 4 groups. GL30174-R1 and GL26572.R1 belonged to the first group.
GLIS415-R1 and GL24130-R1 belonged to the second and the third group, respectively. GLZ3433-
R1and GL20614-R1 belonged to the fourth group. The first group containcd motif 1, 2. 4.7, 8, 9,
11-14, but the motif 14 was deleted in GL30174-R1. Compared to the first group of Aldh, the
second group of Aldh lacked motif 11 and motif 13, furthermore the motif 2 was replaced by motif
3 at the same location. The motif 1 were deleted in the third and the forth group contained motif &
and motif 10 instead of motif 11. Motif 14 existed in almost all of the third group cxeept for
KZT70410.1 which belonged to Daedalea quercia. Motif order of GL24130-R1 in third group was
different from other sequences Figure 7).

1
MRl M2 e Mlf3  mMears  mOMedrs  w Melfé = ey
® MolfS  m Melf3 o MOBIID  mmMedfil = Mo m Ml m Mewrl4

Figure. 7 Phylogenetic and Motif analysis of GIAKR and Aldh from ather fungh
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2.4.2 IPA pathway and IAM pathway
2.4.2.1 Tryptophan amiotransferasc(Tam1)

Full length CDS of Tam 1 ( GL24771-R1) gene was 1200 bp, encoding 398 amino acids.
Predicted isoclectric point of the encoded protein was 8.51, and the relative molecular mass was
44053.32 Da. The other Tam1 (GL31258-R1) gene full length CDS was 1131 bp, encoding 376
amino acids. Predicted isoclectric point of the encoded protein was 8.09, and the relative molecular
mass was 41710.42 Da. The two GITam1 containing Al otransferase class | and [T domaia (Table
1), belongs to the PLP-dependent enzymes superfamily™ . L-tryptophan and 2-oxoglutarate were
catalyzed to produce indole-d-pyruvate and L-glutamatc under the action of tryptophan
aminotransferase

The twa GITam1 sequences inG. lucidum werc compared with several polyporales fungi Tam1
and phylogenctic tree was constructed. The results showed that GITam1 were divided into two
groups. GL2A771-R1 belonged to the first group, the closest relationship with GL24771-R1 were
OCHEST07.1 and OCHS8806. 1 from Obba rivulosa. GL31258-R1 belonged o the sccond group.
‘with the closest genetic i ip of X . 1 from Di itus squalens. Motif analysis
faund that the first group contained motif 3. facked motif 2 and motif 5. compared with the second
groups. motif 14 and motif 15 were present in both groups (Figure 8)

] ] 3 mMOEd Ml e MNE Mol
— M Mo M0 s M1l M1 s Mof1) e Mo 14 Mot 15

Figure, 8 Phylogenciic amd Mot analyss of GITam 1 sl Tom 1 from otber fungi

2.4.2.2 Amidase(AMD)

According 1o the forccast results of KEGG website, there were 3Glami genes (EC 1.2.1.3)
in the G. lucidum genome, namely GL29633-R1, GL20521-R1 and GL18499-R1. Full length
CDS were 1659, 1662 and 1743 bp and coded 551, 552 and 579 aa, respectively. Predicted
isoclectric point of the encoded protein were 4.84. 5.50 and 5.01, and the relative molecular
mass were 57505.06. 61006, 06 and 62814.48 Da. Al of the 3 GIAMI contain Amidase doma
belong to hydrolase family, the main rolc is to catalyze amide hydrolysis, reaction substrate are
monacarboxylic acid amide and H; O+ the product are monocarboxylate and NHygs) . Amidase is a
key enzyme in the final step of 1AM pathway which catalyzing indole-3-acctamide to produce
1AA.

Sequence alignment ofGIAMI with AMI of other fungi and the phylogenctic tree was
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constructed. 3 GIAMI were divided into 3 groups, the closest relationship with GL20521-R1 and
GLZ#633-R1 of G. lucidum were respectively XPOOTI6TI51. 1 and XPDOTIE473. 1 sequence from
D. squalens, while GLIS499-R1 had the clasest genetic relationship with AMI sequence of
Neoeciria dittissima . Motif analysis showed that the first half of AMI sequences of fungi were very
conservative, motif 1-6, 13 and 14 were common to three groups. in addition, motif & exists in the
first group. motifs 9-11 commonly existed in group 2, while motif 12 existed in group 3 (Figure 9).

Figure.#  Phylogenctic and Motlf analysis of GIAMI 30 AMI from other fusgi

2.5 Expression of key enzyme genes of IAA syathesis patiway during the formation of fruiting body of
G lucidum

In order to preliminarily understand the roles of key enzymes of TAA synthesis pathway inG.
lucidum development, the gRT-PCR was utilized to analyze the expression of key enzyme genes in
four periods of G. lucidum. All of the genes identificd were expressed in four periods and
exhibited differcntial expression patterns (Figure 10).
of the TAM pathway key enzyme genes ideniificd were expressed in four periods,
includingdde ¢ GLZI006-R1), aocl ¢GLZ2246-R1) and Aldh (GL30147-R1. GLZ4130-R1,
GL26572-R1, GL23433-R1, GL20614-R1, GLIS415-R1). The expression level of three genes in
the second period were significantly higher than the other period. The expression of two Tam 1
genes (GL24771-R1 and GL31258-R1) in IPA pathway and three ami gencs (GLLS499-R1,
GL20521-R1 and GL29633-R1) in IAM pathway were all identified in four periods of G.
Judicunt . The highest expression level of two Tam 1 genes were appearcd in the sccond period.
then the first period. The three enzyme genes of AMI family showed difforent expression
patterns, the relative expression of GL18459-R1 was the highest in the second period . followed by
the third period. The expression level of GL20521-R1 gene in the second period were significantly
higher than the other period, and the relative expression level of GL29633-R1 was the highest in
the third period. The results showed that the transeription of the GIAMI gene was mainly
concentrated in the sccond and the third pericd, and GIAMI genc transcription at the different
stages of G. lucidum was different.
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Figure. 10 The expression of key enzyme genes of IAA synihesis pathway at different stages

3 Discussion

In this study. endogenous hormone 1AA in G. lucidum was detected by HPLC and the
maximum 1AA value was obtained in the sccond period. KAAS automatic annotation server was
used 10 predict the whole genome metabolic map of G. lucidum and 13 sequences related to TAA
synthesis were screened. including 2 GITam1, 1 GIDDC, 1 GIAOCL, 6 GIAIdh, and 3 GIAMI. The
results showed that there was a complete TAM pathway, and might have IPA and 1AM pathway in
G. lucidum (Figure 5). Subscquently. the bioinformatics were used to pred

and analyze the
function of 13 gene sequences and pl ic tree was 50 3 to preliminarily judge the
function of auxin synthesis enzyme genes in G. lucidum . Finally, the relative expression level of
cach gene in auxin synthesis pathway was detected by QRT-PCR. The results showed that all of the
13 genes identified were expressed in four periods in addition te a Glami gene (GL29633-R1). The
ghest in the second period, and significantly

relative expression of the other 12 genes was the |
higher than the other three periods. It is consistent with the change of auxin in G. lucidum .
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The second period was the fastest growing period duringG. lucidum fruiting body
morphagenesis. In this period ¢
increased. We deduced that the fruiting bodies synthesized a great deal of IAA with the need for
promoting the cell differcntiation and growth. In the third period, the TAA had fallen to the one
fifth of the second period and the lowest in the fourth period. This may be that IAA synthised in
the second period activate its signal transduction to further regulate the G. fucidum growth. In
addition, fres IAA was readily axidized and broken down in organisms and IAA would be combinsd
with other compounds such as sucrose, inositol, amino acids, peptides and protcins™!. The
formation of IAA conjugates was also one of the most important regulation methods to maintain the
level of IAA activity™. So after the second period. IAA might have been converted into
conjugates. resulting in free IAA content reduced.

According to the annofations on KEGG. the 3 key enzyme genes in the TAM pathway were
also involved in many other synthetic pathways and metabolic processes. DDC was involved in
many metabolic pathways of amino acids and biosynthesis ofisoquinoline alkaloids, betalains and
other compounds. AOC was also present in the metabolism of arginine. p
Aldh exi
pathway. degradation of fatty acids. metabolism of multiple amin acids and 5o ons AMI was also
invalved in @ variety of other anabolic pathways in cells, such as the metabolie pathways of amino
acids Carginine. proline and phenylalanine). and the degradation of benzaminic acid and styrene.
Therefore. we speculate that in the sccond period. the growth and metabolism of G. lucidum are
the most vigorous.

Tum1 only involved in the production of TPA by tryptophan. which indicated the formation of
IPA the second period may be higher than other periods. As mentioned. the recently study have
defined a simple two-step pathway of auxin from teyptophan in Arabidops™. Tam1 and YUCCA
nately, we have not found YUCCA family

expression level of key enzyme genes of IAA synthesis pathway

e and histidine.

ed widely in cells involved in many impartant biosynthetic pathways, such as glycolysis

will be used to convert tryptophan inte IAA. Unfort
members or other enzymes that catalyze indole-d-p to produce indol or
directly generate TAA in G, fucidum genome. One of the hallmarks of fungal genctic
organization, similar lo bacieria. is the physical linkage between biosynthetic genes in 4 given
pathway, it is helpful to explore the nutwral biosynthetic pathways of fungal™. Therefore, based
on the existing genes, we will amplify the genes may exist in LAA synth
improve the IAA synthesis in G. lucidum pathway.

pathway, so that to
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Table 2 PCR primer used in this stady
Primer The sequence(5'-3")
21006-F AGCACGCTTAAGGAGACACT
21006-R COCATCCAGTTTTCCTACCG
22246-F ACAACACTTTACCGCCACAC
2Z2AG-R COGCGGTTAGATTGAGGTTO
3NTLE GCOTATCTTTGTGCAGGAGS
TR CTTOOCAGAGTCOATOAAGE
20130F AACTGCTCOCCOTTAACATC
21300 GGAAGTGAGTGAACGTGTCG
26872.F CTACGGCCAAGCAGATTTCE
265720 CCCAGGAGGTTTTGAATGEE
20430F CTTCAAGGAGGETCTTCOGA
R COOGATGCTTTOTOGCTTAA
20614.F CGCAGCGTATCAAGAAGETT
20614-R GAAGCACGGGTCCAAAGATC
18415-F TATAGCCCGCOTTTCTCAGT
18415-R GAGAGUGCOAGOTTCCTATC
24mLE GCAAGCETAACATOGTGTCC
2U4TTLR GCATGOGTCGTOTACTGATS
31258.F " TCOAGAGGAAGAAGGCGATC
azsaR TOACCOGTOCCTOATARTCG
20631-F TGTCCAAACCCTTCTCOACA
20633-R TGTAAAGGTCCGATGGGCTT
20821.F CTCTTEACCAGTGTCOACTT
20521R CTGGCOAGAGTTGCANTGTT
18100-F CATCGTGCAGTACAACETCG
18198 CCAGECTCTTTCECTEGTAA
2t F GATGAAGGACTGGCGTGGT
R COGTTGAGGCTGGGAATGAC




