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Abstract: [Background] Ganoderma lucidum is a precious Chinese medicinal herb with both
medicinal and edible values. Adenosine, one of the active components, endows the herb with
immunomodulatory, anti-inflammatory, and anti-tumor activities. [Objective] To regulate the
expression of key genes involved in adenosine biosynthesis to increase the adenosine
production of G. lucidum. [Methods] We studied the correlations of the expression of
adenosine synthase genes (GIATIC, GIPNP, and GIADK) with the adenosine content. The key
enzyme genes that were positively correlated with the adenosine content of G. lucidum were
screened out. The key enzyme genes in G. lucidum were cloned and overexpressed to
investigate the effect of key enzyme gene overexpression on adenosine accumulation.
[Results] The expression of GIPNP was positively correlated with adenosine content. The key
gene GIPNP was cloned and overexpressed in G. lucidum. The cDNA of GIPNP was 969 bp in
length. GIPNP displayed a trimeric quaternary structure, with a predicted molecular weight of
34.6 kDa. The expression levels of GIPNP in the transformants were 2.9-3.9 folds higher than
that of the wild type on day 4. The adenosine content in the transformants increased by 78%
and 63%, respectively, compared with that in the strain transformed with the blank vector.
[Conclusion] Overexpression of GIPNP is an effective strategy to increase the production of
adenosine.
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Figure 1 The biosynthetic pathways of adenosine. PRPP: Phosphoribosyl pyrophosphate; PRA:
5-phosphoribosylamine; GAR: Glycinamide ribonucleotide; FGAR: Formylglycinamide ribonucleotide; FGAM:

Formylglicinamidine ribonucleotide; AIR: Aminoimidazole ribonucleotide; CAIR: 4-carboxy-5-
aminoimidazole ribonucleotide; SAICAR: 4-(N-succinylcarboxamide)-5-aminoimidazole ribonucleotide;
AICAR: Aminoimidazole-4-carboxamide  ribonucleotide; ATIC: 5-aminoimidazole-4-carboxamide

ribonucleotide formyltransferase; FAICAR: Formylaminoimidazole-4-carboxamide ribonucleotide; IMP:
Inosine 5’-monophosphate; AMP: Adenosine 5’-monophosphate; ADK: Adenosine kinase; PNP: Purine
nucleoside phosphorylase; XMP: Xanthosine 5'-monophosphate; GMP: Guanosine 5’-monophosphate.
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GIPNP-gF  AGGTCCTCGTGCTCAGTCTG 20
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Figure 2 Recombinant plasmid map.
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Figure 3 Pearson correlation analysis between adenosine content and gene expression. A: The content of
adenosine in WT at different fermentation time points. B: Relative transcriptional levels of the GIPNP, GIADK
and GIATIC genes in WT. C: Pearson correlation analysis between adenosine content and gene expression
(GIPNP, GIADK, GIATIC). The error bars indicate the standard deviations (SDs) of three independent samples.
WT: Wild-type strain; * indicates significant differences vs the 4t day; *: P<0.05; **: P<0.01; ***: P<0.001.
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Figure 4 Construction of GIPNP overexpression strains. A: Amplification patterns of genomic PCR obtained
GIPNP. B: PCR identification of E. coli HST08-positive transformants (Five E. coli HST08 transformants were
selected for each vector). C: Amplification patterns obtained with primers for the fusion vector-GIPNP in
genomic DNA isolated from different strains. M: GL DNA Marker 2000.
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Relative expression of GIPNP
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AN GIPNP AL B Ak Hh AR X 218 5

Figure 5 Structure prediction and expression analysis of GIPNP protein. A: Predicted tertiary structure of
GIPNP protein. B: Relative expression of the GIPNP gene in WT strain and GIPNP transformants. **%%*;
P<0.000 1.
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Figure 6  Growth rate (A), biomass (B) and adenosine content (C) of the GIPNP transformants. Different

lowercase letters indicate significant differences (P<0.05) between different strains (by one-way ANOVA with
Tukey’s post-hoc test).
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(R FRAB I T R 2R A = i, e —Fh oA &k
FERZ AT

04 % % BR 1k B (purine nucleoside
phosphorylase, PNP) & EE& %R A& A% H Y ¢
S, AR OAZ TR AT Y C-N T EE T 3
AR IR A A S M B RIAZE T T S A ) - 1- iR
FERT 2 b RN - i ) FAZ AT A A
SR, FR T 5 R A MR B R 1) AR AL R IR AZ
FACMERE, RS TR, 78
A5, GIPNP il FikJ5, S P+
BATHIG R, BRGS0 BTt

PNP (RPN BRI & R A, &
AT DAL JE T340 22 A ) W3 R0 A% 1 2890 10 I
N o — MR, (R5rTF LI PNP R R IR
K& 6-%A M4 (guanine, hypoxanthine) & H:A%
TP 2'- B S UAZ AT, T 55 40 BT i Y PNP (7S R 1K)
M EZAE T 6-Z FENES (WIS ) S AL AT . B
SRERTIEANERERZ P GIPNP 2R HAT 12
Y, B ERIRAFRZ, GIPNP {EH
— M4 F 5 (34.6 kDa)fi = 51K PNP, #In]
TG . BB 4w /e Thermus
thermophilus HBS ', TtPNP 2510l T = Z{K PNP
(k[ E. coli i PNPs), XFIRfrmht—
FR G S

FERZH, GIPNP i 335 B AR A IR &
s, TR A K Z EIE], AYE IRE fE
b 35 PR o ek B MR PSR B T 2R A B o A
EZEHAT R R PNP MU RAFEEHRTET
RS BRFF A B ek pur A SRR Y
HETN 10.8% , (HIDH T BAR A AP L TR m
BErpad %35 ADK SEUE KIS, LK
ODygoo TELAERTFXF BRI RS 72 R 2 vhid ik w2
WHILEERL SN GL24971 8 55 T Mudb 2 Bl it
SR A 23 IRRAIR T 50.2%A0 37.5%P2, JEAI

AIRESE: (1) BORLAO USRS 18 22 F S T R Ciss
i TR TR (2) — RN B R AR AR
TG B IR HAN I D T g
HOA M A I A B, S B A
TR A R A R Ao e i) 7 g ek JRE R 3R Xk A4 i s

AP,

FEARMFFEH, GIPNP AR SR E
FIRRFF S R IEAA G . GIPNP 3 R 0 3 23k Al
TS TR AR it 455K, GIPNP
PRI ) el e B ey R 2 I 7 o AR AR G, X
TWRRRZ RGP R L N, 5 F
R R R R A R
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