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a  b  s  t  r  a  c  t

Mangrove is an important ecosystem in the world. Mangrove ecosystems have a large capac-

ity  in retaining heavy metals, and now they are usually considered as sinks for heavy metals.

However, the mechanism of why the soil of mangrove ecosystems can retain heavy metal

is  not certain. In this research, endophytic fungus Purpureocillium sp. A5 was isolated and

identified from the roots of Kandelia candel. When this fungus was added, it protected the

growth of K. candel under Cu stress. This can be illustrated by analyzing chlorophyll A and B,

RWC  and WSD  to leaves of K. candel. Purpureocillium sp. A5 reduces uptake of Cu in K. candel

and  changes the pH characterization of soil. Furthermore, A5 increase the concentration

of  Cu complexes in soil, and it enhanced the concentration of carbonate-bound Cu, Mn–Fe

complexes Cu and organic-bound Cu in soil. Nevertheless, a significant reduction of the Cu

ion  was noted among A5-treated plants. This study is significant and illustrates a promising

potential use for environmental remediation of endophytes, and also may partially explain

the  large capacity of mangrove ecosystems in retaining heavy metals.
©  2017 Sociedade Brasileira de Microbiologia. Published by Elsevier Editora Ltda. This is

an  open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

inhabit the healthy plants, and they have been isolated
Introduction

Mangrove ecosystems are intertidal wetlands in sub-tropical
or tropical temperate coastal zone. They possess a great
commercial and ecological value for human. However, as a
consequence of urban development, mangrove ecosystems
have been subject to significant threat for contaminant input.
Among the major pollutants from anthropogenic inputs are

heavy metals.1 Mangrove ecosystems have a large capacity in
retaining heavy metals, and now they are often considered as
sinks for heavy metals.
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Elevated concentrations of copper have been recorded
in mangrove sediments all over the world now.2,3 Uptake
of excessive copper by mangrove plants may cause cellular
damage, or lead to whole plant phytotoxic responses.1 Fur-
thermore, since copper cannot be degraded biologically, it is
transferred and concentrated in tissues and pose long-term
damaging effects on mangrove plants.

Endophytic fungi (or endophytes) are organisms that
from almost all known plants.4–6 As for endophytes of man-
grove plants, previous studies have concentrated on their
diversity,4,7 occurrence and distribution,8 new metabolites,9,10
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nd biological activity.11,12 Little information exists on their
cological effect on mangrove plants under heavy metals
tress. In fact, many  endophytes inhabit the roots of plants
nd their collaboration may play a key role in growing in the
eavy metals contaminated environment. Hence, it is neces-
ary to exploit the function of endophytes for the tolerance of
angrove plants to heavy metals.
Kandelia candel is a major mangrove species of the eastern

roup and are dominant along South China coast. The effects
f endophytes on K. candel under copper stress condition have
ot been studied. In our work, the endophytes were isolated
nd identified from the copper stimulated root of K. candel,  and
he fungus was found to promote the growth of K. candel under
u stress. To understand the mechanism of this phenomenon,
H, uptake of Cu in plant and the concentration of Cu com-
lexes in soil were analyzed. Our research will be important
or us to understand the ecological function of endophytes in

angrove ecosystems.

aterials  and  methods

solation  and  identification  of  endophytic  fungi

he fungus used in this study was isolated from the
oots of mangrove plants K. candel in Qinzhou city, China,
ccording to the method described by Gong.13 The isolated
ndophytes were identified using monographs and molecu-
ar method described by Gong.14 Colonial morphology and

acroscopic characteristics were recorded. The endophytes
ere identified through sequencing and phylogenetic anal-
sis of Internal Transcribed Spacer (ITS). The DNA was
xtracted and purified using DNeasy Plant Mini Kit (Qiagen,
ermany). The ITS sequence was amplified using univer-
al primers ITS1 (5′-TCCGTAGGTGAACCTGCGG-3′) and ITS4
5′-TCCTCCGCTTATTGATATGC-3′) as described by White.15

he PCR products were purified using Microcon columns
OMEGA, USA), and sequenced by the service of Beijing San-
oyuanzhi Company Ltd. (Beijing, China). The DNA sequence
as checked for its homology by BLASTN program.16 The
NA sequence had been submitted to the GenBank under

he accession number KT239373. To construct the relevant
hylogenetic tree, MEGA 5.0 software was employed in this
tudy. The alignment data was subsequently analyzed by
he neighbor-joining (NJ) method (Kimura two-parameter dis-
ance calculation). The bootstrap was 1000 replications to
ssess the reliable level to the nods of the tree.

lant  growth  with  and  without  endophytic  fungi  under
opper  stress

ropagule of K. candel was obtained from Qinzhou Harbor in
uangxi Province of China. Single hypocotyl was planted in

ree-metal plastic pots with sand washed with sterilized water
nd placed in a greenhouse in Qinzhou University, China.
hese plants were kept at a temperature of 24 ± 2 ◦C and light
ntensities of 480 �mol  m2 from natural sunlight. The plots
ere fertilized with 0.6 L 50% (v/v) Hoagland’s solution with

0% sea water every 7 d. After three leaves had been came out.
he seedlings were divided into ten groups (3 in each group).
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Five groups of K. candel were irrigated with liquid fertilizer
(as described above) containing 1 g filtered fungi mycelia and
Cu at five levels, 0, 25, 100, 200 and 400 mg kg−1, respectively;
other five groups were irrigated with liquid fertilizer and Cu
at five levels, 0, 25, 100, 200 and 400 mg  kg−1, without addition
of A5. Each pot was irrigated with 0.5 l of corresponding liquid
once a week. After one month, leaves and roots were collected
for analysis. Fungi were prepared as follows: endophyte was
grown in 500 mL Erlenmeyer flasks containing 100 mL  liquid
broth (pH 6.2) for a period of 8 days at 27 ± 2 ◦C at 200 rpm on
an incubator shaker. The samples were harvested 8 days after
inoculation. Mycelia and broth were separated by filtration.

Detection  of  chlorophyll  A  and  B  of  K.  candel

The concentrations of chlorophyll A and B of leaves were
assayed according to Zhang.17 The chlorophyl was extracted
from 200 mg  fresh sample in 20 mL  ethanol, acetone and water
(4.5:4.5:1, v/v/v) mixture over night and measured at 645 nm
and 663 nm with a UV spectrophotometer. The experiments
were conducted in triplicates and were repeated three times.

Detection  of  RWC  and  WSD  to  leaves  of  K.  candel

Relative water content (RWC) and water saturation deficit
(WSD) of the leaves were estimated according to the method
described by Zhu.18 RWC and WSD  were calculated according
to the following equations:

RWC (%) = FW − DW
SW − DW

× 100;

WSD  (%) = 1 − RWC (%)

FW stood for fresh weight, DW for dry weight, SW for satu-
rated weight, and LW for loss weight. SW was determined after
soaking in distilled water for one day and LW was measured
after dehydrating for 24 h at the room temperature.

Determination  of  Cu  concentration  underground  and  up
ground part  of  the  plant

Plant samples were gathered according to the standard
method as described by Van Loon.19 Oven-dried plant sam-
ples were sieved through muslin cloth. Ash was prepared at
400 ◦C in a muffled furnace for 8 h. One gram cooled ashed
sample was treated with 2 mL  of 65% HNO3 added 6 mL of
HCl. After digestion on a sizzling plate, dense fume evolved
and a clear solution was obtained. The clear solution was
filtered through Whatman No. 42 filter papers. The filtrate
was used for determination of the concentration of Cu by
iCE 3000 atomic absorption spectrophotometer (Thermo Sci-
entific, USA).

pH  values  and  particulate  Cu  in  Soil

The pH values of the soils were measured following the

national standards.20 Sediment samples were collected and
used for further analysis immediately. Particulate Cu in Soil
samples were prepared according to the method described
by Tessier with slight modification.21 An analytical procedure
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Fig. 1 – Purpureocillium sp. A5. (A) Short conidiophores of Purpureocillium sp. and those of the Acremonium-like synanamorph
borne from the same hypha; (B) long conidiophores; (C and D) colony surfaces and reverse on PDA after 14 d incubation at

28 ◦C.

involving sequential chemical extractions had been applied
for the partitioning of particulate Cu into four fractions:
bound to Fe–Mn oxides, bound to organic matter, exchange-
able, bound to carbonates. Chemical extraction methods were
retained for further study, the quantities indicated below refer
to 2-g sediment samples (dry weight of the original sample
used for the initial extraction).

Statistical  analysis

All data was tested and analyzed using SAS version 8.1 soft-
ware package (SAS Institute Inc., USA). Comparisons between
means were carried out using Duncan’s multiple range tests
at a significance level of p < 0.05. Graphical work was carried
out using Sigma Plot v. 10.0.

Result  and  discussion

Isolation  and  identification  of  endophytic  fungus
Purpureocillium  sp.  A5  from  the  roots  of  K.  candel
The endophytic fungus A5 was isolated from the roots of K.
candel in Qinzhou City, China. Colonies of A5 on PDA con-
sist of either basal or compact crustose felt in numerous
conidiophores with a floccose overgrowth of aerial mycelium.
Colonies at first white, becoming pink and lilac with the
onset of sporulation. Reverse in shades of purple. Conidial
structures were shaped like typical Purpureocillium lilacinum
phialides, or very long (up to 30 mm)  and Acremonium-like.
Conidiophores arising from superficial mycelium, monone-
matous, stiff, verticillate; phialides ovate to cylindric with
erect and densely grouped. The morphological character-
istics of A5 were consistent with Purpureocillium genus
(Fig. 1).

The alignment of ITS sequence of A5 showed 100%
homology with P. lilacinum. 14 available ITS sequences of
the Purpureocillium genus were used for phylogenetic anal-
ysis. Fig. 2 shows the neighbor-joining analysis of the ITS
sequences and two clades were present in this phylogram. The
results demonstrate that Purpureocillium sp. MCM  HumanF8-1
(AB915809) was phylogenetically closely related to Purpureocil-
lium sp. A5. Based on morphology and ITS sequence analysis,
A5 was identified as Purpureocillium sp. Purpureocillium is a
well studied genus that commonly isolated from insects,
soil, decaying vegetation, and cause infection in man and

22
other vertebrates. Studies of the Purpureocillium as endo-
phyte have not already been reported in previous literatures.
In the present study, Purpureocillium sp. A5 can be considered
to be true endophytes for the following two reasons, firstly
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 Purpureocillium sp. A65 (JX978452)

 Purpureocillium sp. OKA-F11b (LC009007)

 Purpureocillium sp. TKB-F31b (LC009008)

 Purpureocillium sp. 1H3 M3 P1 2 (KM232437)

 Purpureocillium sp. 4H1 P0 P1 2 (KM232450)

 Paecilomyces lilacinus CID 004 (HQ829056)

 Purpureocillium lavendulum FMR 10376 (NR 111433)

 Purpureocillium sp. DJ-3 (KJ780057)

 Purpureocillium lilacinum M1447 (KC157713)

 Purpureocillium lilacinum 0312TES24X2 (LN809016)

 Purpureocillium sp. 1 BRO-2013 (KF367471)

 Purpureocillium sp. xz16 (KJ935014)

 A5

 Purpureocillium sp. MCM HumanF8-1 (AB915809)100

95

61

Fig. 2 – Neighbor-joining tree of the ITS sequences. The tree was constructed based on rDNA sequence (ITS1, 5.8S and ITS 4)
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ll surface-adhering microorganisms were removed by surface
terilization protocol, and secondly A5 was isolated from the
oots of copper stimulated K. candel.

urpureocillium  sp.  A5  promoted  the  growth  of  K.  candel
nder Cu  stress

ig. 3 illustrates the growth condition of K. candel under differ-
nt combinations of Cu and A5 treatment. A different growth
esponse to Cu occurred among A5-treated and non-treated
lants. When A5 and Cu were added, morphological character-

stics were not significantly different among treatment from
 to 400 mg kg−1. However, without A5 treatment, the leaves
ither and fall off the trees as Cu levels increased, and non-

ignificant influence was observed at either 0 or 25 mg  kg−1.
The apparent difference was due to the chlorophyll, Rela-

ive Water Content (RWC) and Water Saturation Deficit (WSD)
n leaves (Fig. 4). The addition of 0 and 100 mg  kg−1 Cu had
egligible impact on chlorophyll A and B, while 25 mg  kg−1
lightly increased chlorophyll. In contrast, addition of A5 on
00 and 400 mg kg−1 Cu treated plant resulted in strikes out
f chlorophyll concentration. In general, RWC decreased as
u concentration increased, but for A5 treated plants, RWC

+E

Concentration of copper (mg kg–1 ) 
0 25 100 200 400

ig. 3 – The effect of A5 on growth of Kandelia candel in copper st
eedlings for 20 days in different concentration of copper stress. 

ondition with +E except for adding A5.
s indicate bootstrap values (>50%) from 1000 replicates.

declined by about 1.7- and 3.3-fold in 100 and 200 mg  kg−1 Cu
treated plant. The addition of A5 also had apparent impact
on WSD.  With the addition of 25, 100 and 200 mg  kg−1 Cu,
WSD was enhanced by about 6.5- and 4.8- and 3.1-fold,
respectively.

Some fungi, such as Arbuscular Mycorrhizal in the root of
plants, also have been found to promote the growth of plants
in Cu contaminated environment.23 The beneficial impacts
of mycorrhizae colonization on plant growth could be largely
explained by both improved P nutrition and decreased shoot
Cu concentrations.23 However, litter is known about the endo-
phytic fungi in root of plants and their growth promotion effect
for planting under Cu stress.

Purpureocillium  sp.  A5  reduced  uptake  of  Cu  in  K.  candel

Cu contents in plants increased as the addition of Cu to the
soil. However, differential up ground and underground Cu
content occurred among A5-treated and non-treated plants

(Fig. 5). The Cu concentration in up ground plant was not
apparently affected at either 0, or 25 mg kg−1 Cu, and then
there was a slightly higher Cu content in non-treated plants.
At 200 mg  kg−1 Cu, Cu content in the up ground parts of treated

Concentration of copper (mg kg–1 )

0 25 100 200 400

–E

ress. +E indicates A5 co-cultivated with Kandelia candel
−E indicates Kandelia candel cultivated in the same
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Fig. 4 – The effect of A5 on chlorophyll concentration, RWC and WSD  in leaves of Kandelia candel in copper stress. (A)
Chlorophyll A concentration under 0, 25, 100, 200, 400 mg  kg−1 of Cu with and without A5. (B) The chlorophyll B
concentration under 0, 25, 100, 200, 400 mg  kg−1 of Cu with and without A5. (C) The effect of A5 on RWC to leaves of

delia
Kandelia candel.  (D) The effect of A5 on WSD  to leaves of Kan

plants was 3.3-fold lower than non-treated plants. Cu concen-
trations in the roots rose significantly with copper addition
from 0 to 200 mg  kg−1 in soil. When 0 and 25 mg  kg−1 Cu
added, the underground Cu of A5-treated plants was nearly
the same as control plants, but slightly higher in 100 mg  kg−1

Cu stress. At 200 mg  kg−1, Cu content in the underground
parts of A5-treated plants was 2.3-fold lower than non-
treated plants. The Purpureocillium sp. A5 substantially reduced
absorption and uptake of Cu in K. candel under different copper
stress.

Purpureocillium  sp.  A5  changed  the  pH  characterization  of
soil

There was a significant influence of A5 on the pH value

of soil (Fig. 6). When lower Cu concentration (0, 25 and
100 mg  kg−1 Cu) was supplied, no differences were found in
pH of soil among A5-treated and non-treated groups. Nev-
ertheless, at 200 mg  kg−1 Cu, in the absence of A5, pH in
 candel.

soil was 1.42-fold higher than A5-treated plants. By addi-
tion of 400 mg kg−1 Cu, the pH was not significantly different
between A5-treated and non-treated plants, but there was a
slightly lower pH than lower Cu treated groups. The addition
of Purpureocillium sp. A5 changes the pH characterization of
soil.

Purpureocillium  sp.  A5  increased  the  concentration  of
complexes  Cu  in  soil

In order to illustrate the mechanism why A5 reduced the
toxicity of copper to K. candel,  the formation of the copper com-
plexes in soil in 200 mg  kg−1 Cu stresses was studied (Fig. 7).
In general, the Cu complexes increased as the A5 added. A5
treatment enhanced the concentration of carbonate-bound

Cu, Mn-Fe Cu complexes and organic-bound Cu in soil by about
3.9-, 2.7- and 3.1-fold, respectively. Nevertheless, a significant
reduction of the Cu ion was noted among A5-treated and non-
treated plants by 4.8-fold. Maybe this fungus could secrete
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ome acidic compound, because the addition of Purpureocillium

p. A5 decreased the pH value of soil. Furthermore, the acidic
ompound enhanced the formation of carbonate-bound Cu,
n–Fe complexes Cu and organic-bound Cu, and significantly

educed the toxic Cu ion in soil.
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