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Screening of Camptothecin Production and
SRAP Analysis of Endophytic Fungi from

Camptotheca acuminata Decne”
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Abstract Endophytic fungi, lived in stems and leaves of host plants, were supposed to be effective or
novel sources for therapeutic compounds. Camptotheca acuminata Decne is a traditional medical plant in China.
About 50 endophytic fungi were isolated from barks of C. acuminata. A new fungus producing camptothecin
(CPT) was identified as a Penicillium based on its morphological features. Ten endophytic fungi of C. acuminata
were chosen to be amplified using molecular maker sequence related amplified polymorphism ( SRAP). The
combinations of SRAP primers turned out to be polymorphic and a total of 1 295 polymorphic bands were
obtained. These strains were grouped into 3 main clusters and revealed that SRAP could isolate the strains of C.
acuminata efficiently. It also provided evidence for discussing the genetic diversities of species in C. acuminata
with SRAP molecular method.
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medicinal plant, was first found to have pharmacological

1 Introduction
agent named camptothecin by Wall et al'®. CPT

Endophytic fungi, which live within plants’ internal specifically inhibits DNA topoisomerase 1'”) and exhibits
tissues or organs without causing any apparent symptoms or preferential toxicity to proliferating cells. At present, some
diseases in the host plants, may produce same or similar endophytic fungi with anti-tumor activity were isolated from
compounds with plants, presumably attributed to the C. acuminata. Xylaria sp. and Fusarium solani were

symbiotic relationship with their hosts'"’. A number of discovered to produce CPT and HCPT™'. New

endophytic fungi with good bioactivity had been isolated polyketides with significant inhibition on the growth of
from plants, such as from Cassia spectabilis, Artemisia human-tumor HeLa cells were obtained by Yuan et al"'*.
annua , Cynodon dactylon and so on, since Strobel et al>’ Nevertheless, the use of endophytic fungi for the
obtained a species of endophytic fungi ( Taxomyces production of bioactive products remains limited.

andreanae) produced paclitaxel from Taxus brevifolia'*’ Sequence related amplified polymorphism, a PCR-

Camptotheca  acuminata Decne, a traditional based marker system, was a newer molecular marker first
introduced by Li et al'"', and had been successfully

Received April 02. 2011 Accepted May 11. 2011 applied in genetic diversities of Tricholoma matsutake ,
* Supported by the National Natural Science Foundation of China Auricularia  polytricha and  Ganoderma strainst™ .

(30900913) and the Key Research Items from the Ministry of Education

of China (03126)
#%  Corresponding author, E-mail; liujj0903@ 163. net discussed in endophytic fungi of C. acuminata.

However, the application of SRAP has never been
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Thus, the isolation and CPT production of endophytic
fungi in C. acuminata as well as SRAP analysis were

reported.
2 Materials and methods

2.1 Source and isolation of endophytic fungi

Barks of C. acuminata were gathered at Zhangjiajie
nature conservation area, Hunan Province, China. The
barks were surface-sterilized according to the procedures
described by Huang et al'”’. The barks were cut into
pieces of 0.5 cm” and then placed on potato dextrose agar
(PDA) supplemented with ampicillin and gentamicin, and
purified when incubated on PDA at 28°C.

2.2 Fermentation and analysis of CPT

The strains were fermented in liquid potato dextrose
medium at 25°C for 7 days after been prepared on PDA
slants. The cultures were extracted 3 times with chloroform
after concentrated under pressure and condensed. The
residues were redissolved in methanol.

The residues were analyzed by TLC with developing
solvent ( chloroform/methanol, 9: 1) and HPLC using a
reverse-phase Noca pac C18 column (4 x 150mm, 4pm)
and detection at 254 nm with a gradient program as
follows: 30% ~35% acetonitrile for 5 min, 35% ~40%
acetonitrile for 7 min (1ml/min). The CPT purchased
from Ronghe Pharmaceutical Technology Development
Corporation ( Shanghai, China) was used as standard.
2.3 DNA extraction and SRAP analysis

Total DNA was extracted from 1.0 g of wet mycelia
using the cetyl trimethylammonium bromide ( CTAB)
method described by Zeng et al"'®’. Six forward primers
and six reverse primers ( Sangon Biotech, Shanghai) were
selected for SRAP analysis ( Table 1 ). SRAP
amplifications were performed in 25 pl reaction volumes
containing the following reagents: 1.0 g of genomic
DNA, 0.5pul of each primer, 1l dNTPs (2.5 mmol/L) ,
1.5 U Taq polymerase ( BioTeke Corporation, Beijing) ,
2.5 pl 10 x PCR buffer, 2 wl of MgCl, (25 mmol/L) ,
and sterile double-distilled water. Amplification conditions
were: 5 cycles of 94°C for 3 min, 94°C for 45 s, 38°C for
45 s, 72°C for 1 min; 30 cycles of 94°C for 45 s, 50°C for

45 s, 72°C for 1 min; and a final extension 6 min at

72°C. The amplification products were analyzed by
electrophoresis in polyacrylamide gels and stained by silver
as described by Bassam et al''”’ and photographed. DM
2000 plus DNA ( BioTeke Corporation, Beijing) was used

as size markers.

Table 1 Primer sequence used for SRAP analysis

me-6 TGAGTCCAAACCGGACA em-12 GACTGCGTACGAATTCTC
me-8 TGAGTCCAAACCGGACT em-19 GACTGCGTACGAATTAGC
me-13 TGAGTCCAAACCGGAAG em-23 GACTGC GTACGAATTATT
me-16 TGAGT CCTT TCCGGTAA em-24 GACTGCGTACGAATTACG
me-23 CTGGCGAACTCCGGATG em-25 GACTGCGTACGAATTATG
me-24 GGTGAACGCTCCGGAAG em-26 GACTGCGTACGAATTCGG

2.4 PCR-SRAP data analysis
DNA bands were

Reproducible scored as 1
(presence) or 0 (absence) for strains. Dice’s similarity
coefficients between strains were calculated using the
Numerical ~Taxonomy Multivariate ~ Analysis ~ System
( NTSYS-pc, version 2. 1) software package'™'. The
SHAN program was applied to the distance matrices cluster
analysis using UPGMA algorithm"*’ | and a dendrogram

was produced based on simple matching matrix.
3 Results and discussions

3.1 Isolation and identification of the endophytic
fungus, EFC I-13

About 50 strains of endophytic fungi were isolated
from barks of C. acuminata grown in the Zhangjiajie,
Hunan province, China, non-sporulating fungi(48.9% ) ,
Aliernaria (12.6% ), Phomopsis (6.9% ), Penicillium
(6.3% ), Mucor (4.6% ) and Fusarium (4.6% ).
Among these fungi, the metabolites of one strain, EFC I-
13, had a spot with the same Rf value of reference CPT in
TLC (Fig. 1), and the same retention time of reference
CPT in HPLC ( Fig. 2). This strain was considered to
produce CPT and was identified as Penicillium according to
its morphological features (Fig. 3).

White mycelium was produced after the strain was
cultured one day on PDA at 25°C, and green spores
appeared in the center of colonies on the second day.
Then, apophysis showed up in the center and white aerial

hyphae existed on the edge. Under the microscope, multi-
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Fig.1 Result of TLC
(a) Reference CPT (b) Extract from EFC 1-13
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Fig. 2 Determination of CPT by HPLC chromatogram
(a) Reference CPT (b) Extract from EFC 1-13

branched hyphae with diaphragm were observed.
Conidiophores, produced by hyphostroma, were about
2.4 ~2.7um with septum, and the top of which were not
swelled, but generated multiple branches which shaped

like broom. Conidia, generated by conidiophores through

Fig. 3 Photos of microscopical morphological

characters of EFC 1-13

excision, were rough and appeared like a chain. Conidium
was 1.2 ~ 1.4pum and shaped as spherical or ellipse
without transversum.

The results showed the fungus, EFC I-13, is a
species of Penicillium. This is the first time to find a
species of Penicillium isolated from C. acuminata that
could produce campothecin. The effect of various chemical
factors on the CPT biosynthesis could be investigated in
future work. To the non-producing CPT fungi, a lot of
work could be done to isolate some other active components
from these fungi.

3.2 PCR-SRAP analysis

According to different culture characteristics, 10
endophytic fungi were chosen to be amplified for SRAP
analysis ( Fig. 4 ). Thirty-six random SRAP primer
combinations revealed polymorphisms among test strains.
The similarity matrix of test strains used in SRAP analysis
showed the similarity coefficient value was ranging from
0.41 to 0. 77, indicated that the genetic relationships of 10
strains were different, which was consistent with the
morphological method.

The phylogenetic dendrogram using cluster analysis
based on SRAP (Fig. 4) showed that the 10 strains could
be grouped into 3 main clusters at a similarity index value
of 0.52. Cluster A comprised 7 genotyped ( EFC [ -12,
EFCT-13 EFC I -14 EFC I -15, EFC [ -51, EFCII-51
and EFC V-12) that were divided into 4 sub-clusters at
similarity index value of 0. 65. Within Cluster A, strains
EFCV-12 and EFC I -13 appeared to be the most closely
related with a similarity index value of 0.77. Cluster B

was made up of 2 genotyped (EFC [ 40, EFC [ -52) that
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Cl EFC 1-51 Fusarium

C5 EFC 1-14 Fusarium

,—C3 EFC 1 -15 Alternaria

Alternaria

|C2 EFC [ -13 Penicillium

|C4 EFC V-12 Penicillium

C6 EFC [ -12 Aspergillus

I C7 EFC [ -40 non-sporulating fungi

|—C9 EFC 1 -52 non-sporulating fungi

IC8 EFC 1-30 Mucor

L 1 1
0.51 0.57 0.64
Coefficient

1
0.71 0.77

Fig.4 UPGMA dendrogram of 10 strains constructed based on molecular profiles

revealed by SRAP markers

could be separate at similarity index value of 0.75. EFC
I -30 was the only one in cluster C.

Though there are only 10 strains used in the study of
SRAP analysis, it identified that the SRAP could isolate
of C.

endophytic  fungi acuminata  efficiently and

manifested that it’s feasible to discuss the genetic

diversities of species using SRAP molecular technology by

expanding the number of isolates.

References

[1] Petrini O. Fungal endophytes of tree leaves. In: Andrews J H,
Hirano S. Microbial Ecology of leaves. New York

Verlag press, 1991.179-197.

: Spinger-

[2] Strobel G, Stierle A, Stierle D. Taxol and taxane production by
Taxomyces andreanae, an endophytic fungus of Pacific yew.
Science, 1993, 260(5105) : 214-216.

[3] Silca G H, Teles H L, Trevisan H C, et al. New bioactive
metabolites produced by Phomopsis cassiae, an endophytic fungus
in Cassia spectabilis. Journal of the Brazilian Chemical Society,
2005, 16(6B) : 1463-1466.

[4] Tu H, Zou W X, Meng J] C. New bioactive metabolites produced
by Colletotrichum sp. 1, an endophytic fungus in Artemisia annu.
Plant Science, 2000, 151(1) : 67-73.

[5] LiY, Song Y C, Liu J Y, et al. Anti-Helicobacter pylori
substances from endophytic fungal cultures. World Journal of
Microbiology & Biotechnology, 2005, 21(4) : 553-558.

[6] Wall M E, Wani M C, Cook C E. The Isolation and Structure of
Camptothecin, a Novel Alkaloidal Leukemia and Tumor Inhibitor

Journal of American Chemical

from Camptotheca acuminata.

Society, 1966, 88(16) : 3888-3890.

[7] Kjeldsen E, Svejstrup J Q, Gromova I I, et al. Camptothecin
inhibits both the cleavage and relegation reactions of eukaryotic
DNA topoisomerase 1. Journal of Molecular Biology, 1992, 28
(4):1025-1030.

[8] Liu KH, Ding X W, Deng B W, et al. 10-Hydroxycamptothecin
produced by a new endophytic Xylaria sp. , M20, from Camptotheca
acuminata. Biotechnology Letters, 2010, 32(5) ; 689-693.

[9] Soucik K, Sebastian Z, Michael S. An endophytic fungus from
Camptotheca  acuminata that produces camptothecin  and

analogues. Journal of Natural Products, 2009, 72(1) : 2-7.

[10] Yuan L, Lin X, Zhao P J,

XZ-07.

et al. New Polyketides from
Endophytic  Diaporthe sp.

2009, 92(6) :184-190.

Helvetica Chimica Acta,

[11] Li G, Qurios C F. Sequence-related amplified polymorphism
(SRAP) , a new marker system based on a simple PCR reaction:
its application to mapping and gene tagging in Brassica.
Theoretical and Applied Genetics, 2001, 103(2-3) ; 455461.

[12] MaD L, Yang G T, Mu L Q, et al. Application of SRAP in the
genetic diversity of Tricholoma matsutake in northeastern China.
African Journal of Biotechnology, 2010, 9(38) : 6244-6250.

[13] Yu M Y, Ma B, Luo X, et al. Molecular diversity of Auricularia
polytricha revealed by inter-simple sequence repeat and sequence-
related amplified polymorphism markers. Current Microbiology,
2008, 56(3) : 240-245.

[14] Sun S J, Gao W, Lin S Q. Analysis of genetic diversity in
Ganoderma population with a novel molecular marker SRAP.
Applied Microbiology and Biotechnology, 2006, 72 (3 ).
537-543.

[15] Huang Y J, Wang J F, Li G L, et al. Antitumor and antifungal
activities in endophytic fungi isolated from pharmaceutical plants.

FEMS Immunology and Medical Microbiology, 2001, 31 (2) .



64 hE4 Y TFEZE China Biotechnology Vol. 31 No.7 2011
163-167. [18] Nei M, Li W H. Mathematical model for studying genetic
[16] Zeng F Y, Zhang Y Z. Preparation of edible fungus DNA from variation in terms of restriction endonucleases. Proceedings of the

Polysaccharide rich sample. Acta Edulis Fungi, 1996, 3.:13-17.
Bassam B J, Gresshoff P M. Silver staining DNA in
polyacrylamide gels. Natural Protocols, 2007, 2 ( 11 ).

2649-2654.

National Academy of Sciences ( USA ), 1979, 79 (10 ).
5269-5273.

[19] Sneath P H A. Numerical taxonomy. San Francisco: Springer

Press, 2005.39-42.

FEMEEMANERERRNRIEZK
EWMANEEFEHR SRAP 5747

5 B g’

KRE EUE BBY AER

(1 R RZAEA TR R T KV 410083 2 H RV B2 BERREITTE T K> 410083)

WE AN Y AN AE R R R E AT, SRE P E RS Y . N E AR
Yrrp oy AR T ORZ 50 MR , H b — 0™ B A ) T O S A M E S R IR 1 R A
R A D™ B ) 75 B B B bk o O T 18 B 91 T S AH OGP 914 3 22 254 (SRAP) J5 I5 AE 5 4
AR PR B A AT 1 e 5 T AR BB N AE R 2E AT SRAP Z 5 0. SRAP 51y 367

1295 2517, T 1 46 T MR i 7 o =R 2K
BN A R R L 2R A RO
KEWR WERE HERE
FESES Q75

Wi H #1:2011-04-02

6181 H 1 :2011-05-11

« [E K HARPEE 4 (30900913) | [E R H R E A0 H (03126) ¥
B H
s JEAE S, B (546 : 1iwjj0903@ 163. net

aTtRIe B

X LELE IR SRAP WFFE B A A O BT kot S 3 ie



