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Abstract:

Taxol), a plant secondary metabolite isolated from yew, is an effective drug widely used in the treatment of numerous

Taxa-4(5),11(12)-diene is the precursor for paclitaxel biosynthesis. The diterpenoid paclitaxel (marketed as

cancers. However, further application of taxol has been restricted due to its low yield in plants and the difficulties in
extraction. To increase the intact isoprene flux, we constructed the fusion gene plasmid pBgGGTS and individual cassette
plasmid pBgGGgTS to enhance the expression levels of geranylgeranyl diphosphate synthase gene (ggpps) and a taxadiene
synthase gene (tS) in Coprinopsis cinerea. These two plasmids were separately transformed into C. cinerea LT2 strain,
resulting in several putative transformants. Putative transformants were determined by PCR technique, indicating that 5 out
of 13 putative transformants transformed by pBgGGTS and 6 out of 13 putative transformants transformed by pBgGGgTS,
respectively. Additionally, the Southern blotting analysis of these 10 transformants confirmed that both ggpps and ts gene
were stably integrated into the genome of C. cinerea. Crude extracts from each of the transformants were analyzed. There is
no difference in the mycelium extracts among the wild-type LT2 and two types of transformants. However, analysis of
culture filtrates indicated that an additional GC peak was found at the retention time of 16.762 min which was absent in the
wild type control. The mass fragmentation pattern of this peak had the same diagnostic ions with taxa-4(5),11(12)-diene.
According to peak area, the amounts of taxa-4(5),11(12)-diene in each fermented broth were 44 ng/L (transformed with
pBgGGgTS) and 30 ng/L (transformed with pBgGGTS), respectively. In conclusion, co-expression of the ggpps and ts gene

could increase the taxadiene production in C. cinerea.

Keywords: Coprinopsis cinerea, geranylgeranyl diphosphate synthase, taxadiene synthase, taxa-4(5),11(12)-diene,

combinatorial biosynthesis
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Fig. 1 The expression vectors of pPBgGGTS (A) and pBgGGgTS (B).
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Table 1 Primers used in this work

Primer name Primer sequence (5-3") Size (bp)

GGPPSJIDF TCCGCACTGTTGCTTCCTA 19
GGPPSJIDR TCAGCGGCAAATTCTTTTG 19
TSJDF ATGGCTCAGCTCTCATTTAA 20
TSJDR GAAATGCAAGGTCGGAAG 18

FEPIRIR ] Agilent 7890/5975C-GC/MSD,
3% FE . DB-1ms (30 mx0.25 mm ID, 0.25 um),
Aoy ERE, HEREARL 1 pL, B AR, W
# 1 mL/min; HEAX: EI, GE& 70eV; BT
PR BE 250 °C; R =0 P I (SIM)
B FHERF S Sk TR, R
FE 250 C, WILRIEEE 100 C, £ 1 min, &4
BTt 8 °C, Jm#AE] 300 C, FRE 2 min,

2 BREWR®

21 IRERGRIEREL
WA SR — R R AL, 30 CREMETS
AR R PEG M HJ5 i, OEIRE SR

B2 RERCBUELTFEBEREFEFRELMERER

PRI IR pCel001 43 5l 15 1 119 2% 38 2 4
pBgGGTS . pBgGGgTS A4k K 75 Vi A J5 Ak
T, et AN O SR 1Y P AR B R SRR B L 1k
T (A 2),

22 HILFHPCREZE

BEATL B HBC P9 o 2 A B A R 5 L s AR A5 19 0
TERAL % 134>, JFor i B /NG IR AL |
HEFTY KRR IR o DA/ vk 3 0 TR 22 5 40
DNA A, 43 LAFE S5 %F GGPPSIDF/
GGPPSJDR Hl TSIDF/TSIDR §" 1, [] isf i3 BH 1
XTHE (i A ggpps JERURN ts S DR 4 JBhr ARAR)
FBAPEXT IR (K 55 % <= )5l LT2 £ [K 2 DNA
BitR).

LR ANE 3 s ¥4k pBgGGTS JiTkLHY 5
PRTREEM (2. 3. 4. 10 F1 11 5), [Ht#&4E
T ggpps Fil ts I FEH 5 DL pBgGGeTS Jithiik
TR ARTT 6 pR TR IR (2. 3. 6. 8. 11, 12
13 5, TEPRILL 26 A WRNETEE LT,
[l I 4% 4 trpl . ggpps F ts J PR 9 s Ak = 43 5]
J 38%F1 53%.

Fig. 2 The phenotype of putative transformants of C. cinerea growing on regeneration plate. (A) Wild-type LT2. (B)
Colonies of putative transformants harboring plasmid pCcl001 and pBgGGTS. (C) Colonies of putative

transformants harboring pCc1001 and pBgGGgTS.
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(= bp Mck+ck-12 3 4 5 6 7 8 91011 12 13 B

bp M ck+t k-1 2 3 4 10 13

Mck+ ck=1 2 3 6 8 11 12 13

3 MERGWMIGENLF PCRBER

Fig. 3 PCR amplification of genomic DNA from two types of putative transformants. M: DNA marker III; ck+:
plasmid; ck—: C. cinerea. (A) 1-13: ggpps fragments from strains transformed with pBgGGTS. (B) ts fragments from
ggpps-positive strains transformed with pBgGGTS. (C) ggpps fragments from strains transformed with pBgGGgTS.
(D) ts fragments from ggpps-positive strains transformed with pBgGGgTS.

M ck+ck-1 2 3 4 5 6 7 8 9 10

A pp  Mcktck-1 2 3 456 78 910 B pp

4500 —
3000

2000

1200

4 IRERGIELTFRY Southern blotting 2438

Fig. 4 Southern blotting analysis of C. cinerea transformants. M: DNA marker III; ck+: plasmid pBgGGgTS (A) or
pBgGGTS (B); ck—: C. cinerea LT2; 1-5: strains transformed with pBgGGTS; 6—10: strains transformed with
pBgGGgTS.
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bR 1 — 80 2 R A TR I A
FLUE ARk m/z 272 [M+]FT m/z 122(CoHay), 5
HERE B FI6 R m/z 107[122-15(CH3)], 121,
123[C 3 7 BE) (] 6). LAIE+Tube ks, 1k
pBgGGgTS 1 pBgGGTS ) T2 i bk 22 42 — I 1
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PR, ggpps A ts F PR DL 37 e ik & T = U
PR R EIE A

240 000 £
220 000 £
200 000 £ a
8 E
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'g E
< E
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5 GC-MS ##fifxzs R 4 3t B vk TR E 4k
Fig. 5 GC-MS analysis of the taxa-4(5),11(12)-diene
produced in the engineered C. cinerea. A new peak

labeled is found in transgenic fungi but not in wild type.

a: broth from wild-type LT2; b: broth from strains
harboring pBgGGTS; c: broth from strains harboring
pBgGGgTS.
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6 HERIERBRERBTE
Fig. 6 The mass spectral fragmentation pattern of
new peak matches that of taxa-4(5),11(12)-diene.
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