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Endophytic fungi are considered as an important source of antioxidants. In
order to evaluate the antioxidant capacity of 163 endophytic fungi from Myricaria
laxiflora, a plant grows under flooding and other oxidative stress, we analyzed the total
antioxidant capacity in vitro. The screening results showed that the antioxidant activity
of endophytes from different tissues differ according to before- or after- flooding stress of
the host, under aerobic or anaerobic isolating condition. Although the endophytes from
stems were more than other tissues, antioxidant activity was always the lowest. In contrast,
endophytic fungi from leaves were fewer, whereas relatively high and stable antioxidant
activity was presented. After flooding, the antioxidant activity of endophytic fungi from
stems was significantly greater than before, whereas the leaves were just the reverse. In
addition, oxygen content when strains isolated had also a significant impact in
antioxidant activity, while the effects could be zero, positive, or negative as for different
types of tissue. Overall, Aspergillus, Alternaria, Penicillium, Trametes and Rhizopus
have a relatively higher antioxidant activity than other genus in Myricaria laxiflora.
Particularly, Aspergillus was not only the most abundant but also the most active
antioxidant genus. Among the endophytes, phenolics could be an important factor resulted
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in high antioxidant activity.
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All kinds of human diseases, 90% were
directly or indirectly resulted from reactive oxygen
and oxidative stress (Zhi et al. 2010). Hence,
exploring more and more available, security
preparation with specific antioxidation has become
a hotspot in the past years (Su et al. 2010).
Screening natural productswith antioxidant effect
from animals and plants, is an effective approach
in medicine and food (Finkel et al. 2000; Judith et
al. 2013; Hosseini et a. 2013).
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Endophytic fungi may be a potential
material, in which substances with the same
antioxidant activity as the host plants are
generated (Sterlea 1993; Abdelgader et al. 2012).
Owingtotheextraordinary diversity in speciesand
richness in natural products, endophytic fungi
have been a great interest producer of novel
antioxidant (Tomita2003; Strobel 2003).

Myricaria laxiflora is an endangering
evergreen shrub distributed entirely in the Yangtze
River valley (Liu et al. 2006). These plants are
traditionally used to treat the burn and scald (Wu
et al. 1998). In summer of each year, M. laxiflora
has to confront over 4 months flooding stress,
under which the plantsare supplied limited oxygen
and light, thus constrained into oxidative stress
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pathway (Wang et al. 2006). In addition, M.
laxiflora plants must survive infertility, drought
and salinity adversities, which could belooked on
asapartly oxidative stress(Chen et al. 2009). Thus,
the specific riparian habitat endows M. laxiflora
high ability of anti abiotic stress, and this ability
would be negatively related with the concentration
of reactive oxygen in plants (Liu et al. 2010),
indicating that M. laxiflora would be rich in
antioxidant, through which the plants pull through
oxidative stress period.

Recent studies revealed that endophytic
fungi play aroleto the host plants, and help them
survive biotic or abiotic stresses (Mei et a. 2010;
Radhakrishnan et al. 2013). Especially, the
endophytes from extreme habitat have multiple
functionsin the ecological adaptability of the host
plants(Gogtincar et a. 2010, Stepniewsk et a. 2013).
Arethe endophytic fungi from M. laxiflora helpful
to the host in oxidative stress pathway? In the
previous study, weisolated and characterized 163
endophytic fungi from heathy roots, stems and
leavesof M. laxiflora. Under aerobic or anaerobic
conditions before and after flooding, 26 genera of
fungi acquired (another paper in press).

As reported, many endophytes could be
developed as important sources of antioxidant,
which maybe caused by peptides, polysaccharide
and most probably, phenolics (Qin et al. 2010; Jin
et a. 2014; Yoon et al. 2014). Aspergillus niger
fermented by soy germ had a high-efficiency bio-
transformation of phenolics and flavonoids and
resulted in high antioxidant activity (Sheih et al.
2014).

In order to further clarify therelationship
between the endophytes from M. laxiflora plants
and the resistance capacity to oxidative stress of
the host, here we eval uated the anti oxidant activity
of the fungi in vitro by total antioxidant capacity
(T-AOC) analysis, and found Aspergillus,
Alternaria, Penicillium, Trametes and Rhizopus
had antioxidant activity. All the studies showed
that the endophytes from M. laxiflora plants have
high antioxidant activity, and could beapromising
source of antioxidant in thefuture. Moreover, these
findings can also help to understand the symbiotic
relationship between endophytic fungi and the host
under oxidative and flooding stress.
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MATERIALS AND METHODS

Endophytic fungi strains, media and growth
conditions

A total of 163 endophytic fungi were
isolated from the healthy roots, stems and leaves
of M. laxiflora plants. 74 strains were obtained
before M. laxiflora suffered floodingin May 2012,
and 89 after flooding in September. Among the 163
isolates, 55 werefrom roots, 63 from stemsand 45
from leaves. Under aerobic condition of isolation
and culture, we acquired 138 endophytes, whereas
only 25 fungi were found in anaerobic condition.
All the endophytic fungi used in this study listed
in table 1. According to ITS sequence analysis
and morphological characterization (Pimentaet al.
2012), thetotal strainswere molecularly classified
into 26 genera(Table1).

All thestrainswere culturedin PDA solid
medium (potato, 200 g; dextrose, 20 g; agar, 20 g;
H,0O, 1,000 ml) with 25ug/ml-50ug/ml of ampicillin
or 10pg/ml-50pg/ml of tetracyyline. Endophytes
grew under 28+1°C for 3-7 d until single colony
appeared according to Xiong et a. (2012). Hyphae
or sporeswere picked into PDA liquid medium at
(28+1) °Cand 150 r/minfor about 5 d. In anaerobic
conditions, the dishes were put into a sealed bag
full of nitrogen.
Main reagents, method for determination of T-
AOC

Fungi fermentation suspension was
filtrated by gauze to remove the thalli, then
centrifuged at 10000 rpm for 15 min. The
supernatant was used to measure total AOC by T-
AOC assay kit (Jiancheng BioEngineering Institute
(Nanjing, China) according to the method (Niu et
al. 2013). Inthe supernatant, antioxidants can turn
Fe* into Fe?*, which wasformed astable clathrate
with phenanthroline and then was measured by
colorimetry at 520 nm. Each samplewas measured
3times. A T-AOC unit isdefined asthe absorbance
(OD) valueincrease 0.01 per minute per milliliter at
37 °C, and calculated by the equation:

ODu—0Dc

Total AOC = X NXn/30

Here, OD , isthe absorbance value of the
sample, OD . isthe absorbance val ue of the contral,
N is dilution of the reaction system, and n is the
dilution of the sample.
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Determination the content of total phenols

To evaluate the relationship between the
antioxidant activity and the phenol materials, we
selected 5 endophytic fungi with higher activity to
determinethetotal phenol contents (TPC) through
Folin” Ciocalteu Reagent method described by He
et d (2013) with somerevision. Fermentationliquid
was disposed with absolute ethyl alcohol to
precipitate protein and eliminate sugar, ethyl
acetate to get crude extracts. After the prepartion,
1 ml extract or a blank was added to a 25 ml
volumetric flask containing 6-7 ml water, then added
Folin-Ciocalteu reagent (750 pL) and after 8 min,
4.5 ml of 10% Na,CO, (w/v) was added. Added
water to 25 ml and shaked the flask to mix evenly,
then kept theflask at 30°C for 2h. Absorbance was
read at 765 nm. Resultswere expressed asmilligrams
of gallic acid equivalent per gram crude extract (mg
GAE/g).
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RESULTS

Antioxidant activity of endophytic fungi from
different M. laxiflora tissues

55 endophyticisolatesfrom roots, 63 from
stems and 45 from leaves were used in this study
(Table 1 and Fig 1). Using the same method, Xieet
al reported that the AOC maximum of endophytic
fungi obtained from Eucommia ulmoides Olivwas
20.70 U/ml and sequenced to be Chaetomium
globosum Kunze eventually (Xie et a. 2009). Shi
et al found that the endophytic fungi isolated from
Sophora japonica L showed 12.54 U/ml as
maximum (Shi et a. 2007). Here, from leaf wegot a
strain identified as Aspergillus niger, showed the
highest AOC as 31.48 U/ml, indicating that the
endophytes from M. laxiflora plants could beasa
potent antioxidant.

Table 1. Endophytic fungi used in this study

Habitat Before flooding

After flooding

Tissue Roots Stems leaves

Roots Stems leaves

Condition
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Candida
Trametes
Ceriporia
Bjerkandera
Irpex
Polyporus
Fomitopsis
Coprinellus
Schizophyllum
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Lichtheimia
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The T-AOC analysis showed that the
antioxidant activity of endophytes from different
tissues varied according to the environment (Fig
2). Before flooding, the endophytes from leaves
showed the most active antioxidant as for the T-
AOC average values, the next wereroots, and the
fungi from stemswerethelowest (Fig 2A). Whereas
after flooding, the ability order of antioxidant was:
roots > leaves > stems (Fig 2B). The results
indicated that in different tissue sources, various
generaof endophytic fungi wereisolated, and the
antioxidant activity would be affected by the
flooding stress of the host due to the species
difference.

When enough oxygen supplied, the
ability order of antioxidant was: roots > leaves >
stems (Fig 2C). However, the endophytesisol ated
under anaerobic condition showed: leaves > roots
> stems (Figure 2D). Although the endophytesfrom

stemswere more than other tissues, the average T-
AOC value was always the lowest, weheras
endophytic fungi from leaves small in number,
showed relatively high and stable antioxidant
activity (Fig 2), particarlally in anaerobic condition
(Fig2D).
Antioxidant activity of endophyticfungi fromthe
host before- and after - flooding stress
Respectively, weisolated 74 endophytes
before M. laxiflora suffered flooding stress and
89 after flooding (Table 1 and Fig 2A). Whether
before flooding or after flooding, the average T-
AQOC of endophytes in roots have no significant
difference (Fig 3A and 3B). However, the
antioxidant activity of endophytic fungi from stems
after flooding stresswas significantly greater than
before (Fig 3A and 3B). In leaves, we got an
oppositeresult (Fig 3A and 3B). Since each tissue
type had many generaof endophyteswith different

Table 2. The T-AOC values of intergeneric endophytic fungi

genus amount proportion AVG? maximum®
Aspergillus 68 41.72% 9.00+7.98 31.48+0.80 (HY1)
Penicillium 8 4.91% 11.18+7.58 25.99+0.47 (SY15)
Trichoderma 1 0.61% 1.79+0° 1.79+0.42 (MY 19)
Cladosporium 2 1.23% 4.42+0.44 4.73+0.26 (S}4)
Aureobasidium 1 0.61% 7.18+0 7.18+0.13 (HJ3)
Alternaria 25 15.34% 7.95+6.54 25.67+0.20 (MG14)
Fusarium 10 6.13% 5.84+3.26 10.18+0.33(SY5)
Colletotrichum 2 1.23% 4.33£1.67 5.15+0.22 (H4)
Pestalotiopsis 1 0.61% 21.03+0 21.03+0.17 (SG6)
Epicoccum 2 1.23% 7.03+6.51 11.63+0.41 (HG4)
Phomopsis 8 4.91% 4.01+2.00 7.49+0.30 (MJ26)
Candida 1 0.61% 12.5+0 12.5+0.13 (HJ6)
Trametes 10 6.13% 7.38+5.67 17.73+1.11(SY1)
Ceriporia 3 1.84% 5.54+1.87 8.70+0.30 (SJ12)
Bjerkandera 3 1.84% 5.24+1.63 7.83+0.16 (MY 16)
Irpex 2 1.23% 4.63+3.88 7.37+0.18 (SG20)
Polyporus 1 0.61% 1.84+0 1.84+0.40 (SJ9)
Fomitopsis 1 0.61% 19.65+0 19.65+0.13 (SG16)
Coprinellus 1 0.61% 11.34+0 11.34+0.40 (SY 11)
Schizophyllum 1 0.61% 5.55+0 5.55+0.48 (SY7)
Botryosphaeria 4 2.45% 5.69+2.07 7.14+0.35 (MG2)
Neur ospor 2 1.23% 9.71+2.98 11.82+0.77 (SY3)
Chaetomium 1 0.61% 10.51+0 10.51+0.28 (QY2)
Rhizopus 2 1.23% 16.81+11.38 24.85+0.22 (HG2)
Lichtheimia 1 0.61% 14.02+0 14.02+0.52 (SY 13)
Pythium 2 1.23% 10.28+1.94 11.65+0.34 (MGT7)
Total 163 100%

ameans + standard deviation; and ° denotes the maximum of TVOA in the genus, the fungi serial
number is in the bracket;¢ standard deviation is O since only one isolate found in the genus.
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T-AOC value, the fungi with high T-AOC vaue
were different before and after flooding stressin
roots, stemsand leaves (Fig 3A and 3B). Inaword,
the antioxidant activity of endophytic fungi from
the host showed significant difference before- and
after- flooding stress, but it was hard to evaluate
which was better due to the specific genera
isolation.
Antioxidant activity of endophyticfungi isolated
under normal and low oxygen availibity

In total we got 138 endophytes under
normal and 25 under low oxygen supplication (Fig
2C and 2D). Under aerobic condition, the T-AOC
of endophytesisolated from roots and stemswere
dlightly greater than that under anaerobic condition
(Fig 3C and 3D), whereasisolatesfrom leavesunder
low oxygen condition showed much more active
in antioxidant ability, either compared with normal
leaves, or with other tissues (Fig 3C and 3D).
Therefore, oxygen content when strains isolated
had asignificant impactin T-AOC value, whilethe
effects could be zero, positive, or negative as for
different types of tissue (Fig 3C and 3D).
Antioxidant activity analysisof different genera
and different species

163 endophytic fungi classified into 26
generawere used in T-AOC analysis (Table 1 and
2). Since each genus had different quantity of
endophytes, we surveyed both the means and the
maximum values (Table 2). Overall, Aspergillus,
Alternaria, Penicillium, Trametes and Rhizopus
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Fig. 1. Endophytic fungi have been isolated from M.
laxiflora before and after flooding stresswith disparate
oxygen content in various tissues. S: before flooding
with oxygen. M: after flooding with oxygen. Q: before
flooding without oxygen H: after flooding without
oxygen. G: root J: stem Y: leaf

have a relatively higher T-AOC value than other
genus in M. laxiflora (Table 2). Particularly,
Aspergillus was not only the most abundant but
also the most active antioxidant genus. We
obtained 13 Aspergillus of whichthe T-AOC value
was more than 15.00 U/ml, indicating that this
genus would play an important role in the host
metabolic pathway.

Among the 26 genera, therewere 4 genera
comprising the bulk of the endophytes. Through
bioinformatical analysis of ITS sequence,
Aspergilli was consisted of 6 species: Aspergillus
flavus, Aspergillus awamori, Aspergillus niger,
Aspergillus fumigatus, Aspergillus tubingensis
and Aspergillus oryzae (Fig 4, Another paper in
publishing). Alternaria, Penicilliumand Fusarium
all had 3 species (Fig 4). T-AOC analysis showed
that Aspergillusfumigatuswassignificantly greater
than therest in the same genus, while one strain of
Aspergillusniger showed thehighest AOC as31.48
U/ml (Fig 4). Similarly, Alternaria alternaria,
Penicillium oxalicum and Fusarium culmorum
have higher AOC than othersin the genera (Fig 4).
Relationship between antioxidant activity and
phenolscontent

To elucidate therelationship between the
antioxidant ability and thetotal phenolics content,
we investigated the fermentation products of 5
endophytic fungi (Figure 5). The result showed
that the T-AOC value had an analogous tendency
asthetotal phenolics content. Approximately, the

A B
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sem
Beforeflooding (74)

| i

Aerobic(138)

After flooding (89)
Anaerobic(25)

Fig. 2. Total AOC assays of endophytes isolated in
different tissues and environmental conditions. Thearea
means the number of the endophytes, and the height
denotes the value of AOC. A and B showed before or
after flooding, C and D showed in aerobic or anaerobic
condition
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endophytic fungi with high antioxidant
ability possessed more phenolics, the correlation
coefficient got nearly to 0.50 (Fig 5). However, if
abondon the last sample (HG2), the correlation
coefficient got nearly to 0.92. Soin the endophytes
from M. laxiflora plants, phenolics could be an
important factor resulted in high T-AOC value.

DISCUSSION

Till now endophytes become animportant
resource of antioxidant. Aspergilli. awamori

isolated from Rauwolfia serpentine in 2013,
showed a stable antioxidant activity (Archana et
al. 2013), and this species was a so acquired here
and showed bioactivity to a extent. From
Rhododendron tomentosum, Penicillium
raciborskii was selected as an antioxidant
endophyte (Mysoreet a. 2011; Fan 2012). Herewe
isolated some Penicillium, Aspergillus and
Alter naria showed higher antioxidant activity than
reported before. In addition, we found a group of
fungi with high antioxidant activity never reported
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Fig. 3. The antioxidant capacity of the endophytes. Data points are the average of three separate measurements,
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Fig. 4. Four genus, fifteen specieswere investigated by cal culating the mean of the top threein each species. Data
points are the average of three separate measurements, and error bars represent standard deviation of means
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Fig. 5. Therelationship between T-AOC and TPC. 5 endophytes with high antioxidant activity were named in the
bottom. Data points are the average of three separate measurements, and error bars represent standard deviation

before. In this study we identified a Phomopsis
sp., a Rhizopus oryzae and a Fomitopsis palustris
showed high antioxidant activity. This may be
related with the species specificity of M. laxiflora
plants. Whether before or after the host suffered
blooding, whether in aerobic or anaerobic
condition, whatever tissue type used, there were
many fungi isolated with high T-AOC value,
suggested that the endophytes from M. laxiflora
plants would be an effective and potential
antioxidant.

The reason resulted in high antioxidant
activity isvery complicated. It wasreported that in
the fermentation products of Alternaria alternata
and Botrytis cinerea, mannitol was the main
antioxidant (John et al. 2013). Coincidently, the 2
endophytes were found here in the stems of M.
laxiflora. In our study, a Pestalotiopsis showed a
relatively higher antioxidant activity, the possible
reason was the production of paclitaxel (Strobel et
al. 1996; Li et a. 1996). Anyhow, phenols contents
in the endophytes from M. laxiflora would partly
account for the antioxidant activity (Fig 5), of which
the substance needs further research.

Endophyteswith high antioxidant activity
may be related with the complexities ecology
environment of the host. In the habitat of M.
laxiflora, the plant must confront the oxidative
stress. And this may be the reason why there were
too many endophytes with high antioxidant
capacity. In order to verify whether the endophytic
fungi could enhance the tolerance of the host to

the stress, weinfected arice species, Nipponbare,
by fifteen high antioxidant ability endophytic fungi.
One Aspergillus fumigatus was screened out that
can help the rice seedlings survive drought, salt
and flooding stress (another paper in publishing).
To an extent, it was confirmed that Aspergillus,
the most dominant genus, may play a positive
role in theflooding stress or other oxidative stress.

ACKNOWLEDGEMENTS

We are grateful for the support of the
National Natural Science Foundation of China
(31270389) and Natural Science Research of Hubel
Education Department (D20121301).

REFERENCES

1. Abdelgader Qawasmeh, Hassan K. Obied :
Influence of Fungal Endophyte Infection on
Phenolic Content and Antioxidant Activity in
Grasses: Interaction between Lolium perenne
and Different Strains of Neotyphodiumlolii [J].
Journal of Agricultural and Food Chemistry,
2012; 60: 3381-3388.

2. Archana Nath, A. Chattopadhyay, S. R. Joshi:
Biological Activity of Endophytic Fungi of
Rauwolfia serpentina Benth: An Ethnomedicinal
Plant Used in Folk Medicinesin Northeast India
[J]. The National Academy of Sciences, 2013:
DOI: 10.1007/s40011-013-0184-8.

3. Chen FQ, Xie ZQ: The physiological and
biochemical responses of endangered Myricaria
laxiflora to simulated summer flooding [J].

J PURE APPL MICROBIO, 9(1), MARCH 2015.



94

10.

11.

12.

13.

14.

ZENG et al.: RIPARIAN PLANT WITH STRONG TOLERANCE ABILITY OF FLOODING

Journal of tropical and subtropical botany, 2009;
17(3): 249-253.

Fan SL: The screening for functional endophytic
fungi isolated from Corylus[D]. Dissertation of
master’s degree from Heilongjiang University,
20-37: 2012.

Finkel T, Holbrook N J: Oxidants, oxidative
stressand the biology of aging [J]. Nature, 2000;
408: 239-247.

Gostincar C, Grube M: Extremotolerance in
fungi: evolution on the edge [J]. FEMS
Micraobiology Ecology, 2010; 71(1): 2-11.

He SA, Mao XZ, Liu P, LinH, Du ZY, Lv N,
Han JC, Qiu CF: Research into the functional
components and antioxidant activities of North
Chinaricewine[J]. Food Science & Nutrition,
2013; 1(4): 307-314.

Hosseini M, Harandizadeh F, Niazamand
S, Soukhtanloo M, Mahmoudabady M:
Antioxidant effect of Achilleawilhelmsii extract
on pentylenetetrazol e (seizure model)-induced
oxidative brain damagein Wistar rats[J]. Indian
Journal of Physiology and Pharmacology, 2013;
57(4): 418-424.

Jin XC, Zhao SJ : Extraction optimization and
bioactivities of an extracellular polysaccharide
produced by Aspergillus fumigatus [J].
International Journal of Biological
Macromolecules, 2014; 68: 13-17.

John D. Williamson, Aparna Desai, Sergel F.
Krasnyanski, Fei Ding: Overexpression of
mannitol dehydrogenase in zonal geranium
confers increased resistance to the mannitol
secreting fungal pathogen Botrytis cinerea [J].
Plant Cell Tiss Organ, 2013; 115: 367-375.
Judith M. Fouladbakhsh, Lynda B, Elizabeth J
Understanding CAM natural health products:
implications of use among cancer patients and
survivors [J]. Journal of the advanced
practitioner in oncology, 2013; 4(5): 289-306.
Li JY, Strobel GA, Sidhu R, HessWM & Ford E
: Endophytic taxol producing fungi from Bald
Cypress Taxodiumdistichum[J]. Microbiology,
1996; 142: 2223-2226.

Liu YF, Wang Y, Huang HW: High
interpopulation genetic differentiation and
unidirectional linear migration patterns in M.
laxiflora (tamaricaceae), an endemic riparian
plant in the three gorges valley of the Yangtze
River [J]. American Journal of Botany, 2006; 93
(2): 206-215.

Liu YL, Li TL, Sun ZP: Impacts of root-zone
hypoxia stress on muskmelon growth, its root
respiratory metabolism, and antioxidative
enzymeactivities[J]. Chinese Journal of Applied
Ecology, 2010; 21(6): 1439-1445.

J PURE APPL MICROBIO, 9(1), MARCH 2015.

15.

16.

17.

18.

19.

20.

21

22.

23.

24.

25.

26.

27.

Mei C, Flinn BS: The use of beneficial microbial
endophytes for plant biomass and stress
tolerance improvement [J]. Recent Patents on
Biotechnology, 2010; 4(1): 81-95.

Mysore V. Tejesvi, Marena Kajula: Bioactivity
and genetic diversity of endophytic fungi in
Rhododendron tomentosumHarmaja[J]. Fungal
Diversity, 2011; 47: 97-107.

Niu LY, Jiang ST, Pan LJ : Preparation and
evaluation of antioxidant activities of peptides
obtained from defatted wheat germ by
fermentation [J]. Journal of Food Science
Technology, 2013; 50(1): 53-61.

Qin WD, Chen XH, Ma LH : Preparation of
antioxidant peptides from soybean meal by
Aspergillusniger fermentation [J]. Food Science,
2010; 31(23): 289-293.

Pimenta RS, da Silva, Juliana F, Buyer JS,
Wojciech J : Endophytic fungi from plums
(Prunusdomestica) and their antifungal activity
against Moniliniafructicola[J]. Journal of Food
Protection, 2012; 75 (10): 1728-1902.
Radhakrishnan R, Khan AL, Lee 1J :
Endophytic fungal pre-treatments of seeds
aleviates sdlinity stresseffectsin soybean plants
[J]. Journal of Microbiology, 2013; 51(6): 850-
857.

Sheih IC, Fang TJ, WU TK, Chen RY: Effects of
fermentation on antioxidant properties and
phytochemical composition of soy germ [J].
Journal of the science of food and agriculture
2014, DOI 10.1002/jsfa.6666.

Shi JP, Zhou SL, Wang MX, Chen SL:
Preliminary Study on Antioxid Activity of
Endophytic Fungi Isolated from Sophora
japonicalL.[J]. Food Science, 2007; 28(8): 250-
253.

Stepniewsk Z, Kuzniar A Endophytic
microorganisms—promising applications in
bioremediation of greenhouse gases[J]. Applied
Microbiology and Biotechnology, 2013; 97(22):
9589-9596.

Sterlea: Taxol and taxane production by
Taxomyces andreanae,an endophytic fungu of
pacificyew [J]. Science, 1993; 260: 214-216.
Strobel GA: Endophytes as sources of bioactive
products [J]. Microbes Infection, 2003; 5: 535-
544.

Strobel G, Yang X, SearsJ, Kramer R, Sidhu RS:
Taxol from Pestalotiopsis microspora, an
endophytic fungus of Taxus wallichiana [J].
Microbiology, 1996; 142: 435-440.

Su ZH, Zou GA : Online identification of the
antioxidant constituents of traditional Chinese
medi cine formula Chai hu-Shu-Gan-San by L C-
LTQ-Orbitrap mass spectrometry and



28.

29.

30.

31

ZENG et al.: RIPARIAN PLANT WITH STRONG TOLERANCE ABILITY OF FLOODING 95

microplate spectrophotometer [J]. Journal of
Pharmaceutical and Biomedical Analysis, 2010;
53: 454-461.

Tomita F : Endophytes in Southeast Asia and
Japan: their taxonomic diversity and potential
applications[J]. Fungal Divers, 2003; 14: 187-
204.

Wang, LiuYF, Liu SB: Geographic Distribution
and Current Status and Conservation Strategy
of the Genus Myricariain China[J]. Journal of
\Wuhan Botanical Research, 2006, 24 (5): 455-
463.

Wu JQ, Zhao ZE, Shen ZH (1998): Investigation
and study on the endemic plant M. LAXIFLORA
in the three-gorge reservoir area[J]. Journal of
Wuhan botanical research, 1998, 16(2): 111-
116.

Xie H : Antioxidant Activity Analysis and
Identification of an Endophytic Fungal Strain
from Eucommia ulmoides Oliv [J]. Journal of

32.

33.

34.

Anhui Agriculture Science, 2009; 37(1): 230-
232.

Xiong DS: Kudzu Isolation of Endophytic
Bacteria and Preliminary Study of Antioxidant
Activity of the Fermentation Product [J].
Chemical Industry Times, 2012; 26(1): 27-29.
Yoon SR, Yang SH, Suh JW, Shim SM:
Fermentation of Smilaxchinaroot by Aspergillus
usami and Saccharomyces cerevisiae promoted
concentration of resveratrol and oxyresveratrol
and the free-radical scavenging activity [J].
Journal of the science of food and agriculture,
2014; 94: 1822-1826.

Zhi HS, Guo AZ: Online identification of the
antioxidant constituents of traditional Chinese
medi cine formula Chai hu-Shu-Gan-San by L C-
LTQ-Orbitrap mass spectrometry and
microplate spectrophotometer [J]. Journal of
Pharmaceutical and Biomedical Analysis, 2010;
53:454-461.

J PURE APPL MICROBIO, 9(1), MARCH 2015.



