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Effects of Oligosaccharides from Endophytic Fungus
Berkleasmium sp. Dzf12 on Activities of Defense-related
Enzymes in Cell and Seedling Cultures of Dioscorea zingiberensis
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Abstract ; Three oligosaccharides (EOS,WOS and SOS) were prepared from their corresponding polysaccharides ( EPS,
WPS and SPS) of Berkleasmium sp. Dzf12 ,an endophytic fungal strain of Dioscorea zingiberensis. The effects of oligosac-
charides on the activities of defense-related enzymes phenylalanine ammonia lyase ( PAL) , polyphenoloxidase ( PPO)
and peroxidase (POD) in suspension cell and seedling cultures of D. zingiberensis were investigated. For the suspension
cell cultures,the highest activities of PAL and PPO were induced by 0.25 mg/mL of EOS at 24 h after treatment, which
were 6. 19-and 7. 16-fold of control,respectively. While the POD activity was increased to the maximum by 0. 05 mg/mL
of EOS at 48 h after treatment,which was 4. 63-fold of control. For the seedling cultures,the highest activities of PAL,
PPO and POD were induced by 2.5 mg/mL of EOS at 48,24 and 48 h,respectively, which were 6.21-,4.80-and 6.09-
fold of control, separately. Among three oligosaccharides, EOS was the most effective elicitor to induce activities of de-
fense-related enzymes in D. zingiberensis cultures. The results demonstrated that the increased activities of PAL,PPO and
POD elicited by the oligosaccharides may be related to the activation of defensive mechanisms of D. zingiberensis suspen-
sion cell and seedling cultures.
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Introduction

It has been well demonstrated that several defense
mechanisms in plants against microbial pathogens are

induced in response to diverse biotic and abiotic stimu-
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li, such as hypersensitive response, the induction of
phytoalexin biosynthesis, cell wall reinforcement by
deposition of lignin, induced synthesis of pathogenesis-
related proteins, hormone signaling crosstalk ,and accu-
mulation of soluble phenolics''*'. The induction of de-
fense-related enzymes such as phenylalanine ammonia
lyase ( PAL), polyphenoloxidase ( PPO ), peroxidase
(POD) ,glucanase and chitinase,is an obviously ubiq-
uitous feature of plant defensive response to pathogen
attack> . In plants, PAL is an entrypoint enzyme in
phenylpropanoid metabolism, and it regulates the bio-
synthesis of a wide range of secondary metabolites in-
cluding flavonoids, lignins, furanocoumarins, isofla-
vonoids and hydroxycinnamic acid esters acting as phy-
toalexins and protectants*'. PPO, which is widely dis-
tributed in plants, can oxidize monophenols, diphenols
or trihydric phenols to their corresponding quinines
with great toxicity to pathogens'>. POD can assist su-
peroxide dismutase ( SOD) and catalase ( CAT) to
scavenge the excessive superoxide radical (0, ), hy-
( H,0,)
( +OH) in plant cells, which could ensure plant

drogen peroxide and hydroxyl radical
healthy growth'®’.

The first elicitor to induce phytoalexin synthesis was an
oligosaccharide from the cell walls of the plant patho-
gen Phytophthora sojae'”’ . The elicitors from pathogens
have been frequently reported recently, such as live
pathogens , fragments of cell walls, crude extracts of my-
celia, saccharides (i. e. oligosaccharides and polysac-
charides ) , and proteins, could activate plant disease re-
sistance system'®®'. Plant endophytic fungi, belonging
to non-pathogenic fungi, show symbiotic relationships
with their host plants, and induce no visual symptoms
to host plants'"’. Berkleasmium sp. Dzf12 was an endo-
phytic fungus isolated from the healthy rhizomes of me-

dicinal plant Dioscorea zingiberensis'""

. Twenty-two
bioactive spirobisnaphthalenes have been isolated from
this fungus''>"*'. It was found to be a high-yield pro-

14) . Furthermore , three

ducer of spirobisnaphthalenes
polysaccharides , namely exopolysaccharide (EPS) ,wa-
ter-extracted mycelial polysaccharide (WPS) and sodi-
polysaccharide

um  hydroxide-extracted  mycelial

(SPS) , were prepared from Berkleasmium sp. Dzf12,

and their in vitro antioxidant activities were evalua-
ted"™'. The effects of EPS, WPS and SPS along with
their corresponding oligosaccharides EOS, WOS and
SOS on growth and disogenin accumulation of D. zingi-
berensis suspension cell and seedling cultures were also
investigated "', Tt has been well demonstrated that the
polysaccharide or oligosaccharide from fungi were in fa-
vor of induction of plant defensive responses'”’. There-
fore ,we aimed to investigate the effects of oligosaccha-
ride elicitors from endophytic fungus Berkleasmium sp.
Dzf12 on the defense-related enzymes including PAL,
PPO and POD in suspension cell and seedling cultures
of its host plant D. zingiberensis. By investigating the
effects of elicitors from each endophyte on its host plant
defensive system, it will provide information for devel-
opment of agrochemicals, and integrated utilization of
the saccharides ,aside from the production of active spi-
robisnaphthalenes, as well as further understanding the
interactions between Berkleasmium sp. Dzfl12 and its

host D. zingiberensis.

Materials and Methods

Plant materials

The calli of D. zingiberensis were induced from its root
explants and subcultured at an interval of 30 d in dark-
ness as the previous report'®’. Murashige and Skoog
(MS) medium supplemented with 6-benzyladenine
(5.0 mg/L) and kinetin (2.0 mg/L) was used to in-
duce callus redifferentiation to form seedlings. The ob-
tained D. zingiberensis seedlings were subcultured on
MS medium at 25 C with an interval of 30 d under 12
h daily illumination of 2000 lux. When the seedlings
were subcultured for 5 generations, they could be used
as the experimental materials. The medium pH was ad-
justed to 5.8 before autoclaving for 15 min at 121 C.
All experiments were carried out in 125-mL Erlenmeyer
flasks. The suspension cell cultures were maintained in
liquid medium on a rotary shaker at 120 rpm in dark-
ness at 25 °C. Three seedlings (about 1. 0 g fresh
weight) were inoculated in a 125-mL Erlenmeyer flask
containing 50 mL. MS solid medium.

Cultivation of endophytic fungus Berkleasmium sp.
Dzf12
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Endophytic fungus Berkleasmium sp. Dzf12 was isolated
from the healthy rhizomes of D. zingiberensis as previous
reports' "'’ The fermentation culture was carried out in
1000-mL Erlenmeryer flasks containing modified Sab-
ouraud broth medium (300 mL for each flask) com-
posed of glucose (40 g/L), peptone (10 g/L),
KH,PO,(1.0 g/L),MgSO, - 7H,0 (0.5 g/L), Fe-
SO, - 7H,0 (0.05 g/L) "™/, The initial pH of medium
was adjusted to 6.5 before autoclaving. All flasks were
cultured on a rotary shaker at 150 rpm and 25 °C for
12 d. All the fermentation broth was combined and cen-
trifuged at 7,741 x g for 20 min to obtain mycelia and
supernatant.

Preparation of oligosaccharides from Berkeleasmi-
um sp. Dzf12

Exopolysacccharide ( EPS) was prepared from the su-
pernatant by ethanol (95% ) precipitation method ,and
water-extracted mycelial polysaccharide ( WPS) and
sodium hydroxide-extracted mycelial polysaccharides
(SPS) were prepared from the lyophilized mycelia ac-
cording to the previous method'"”’. The three oligosac-
charides, EOS ( EPS-derived oligosaccharide ) , WOS
( WPS-derived oligosaccharide) and SOS ( SPS-derived
oligosaccharide ) , were respectively prepared by hydrol-
ysis of their corresponding polysaccharides, EPS, WPS
and SPS using trifluoroacetic acid (2. 17 mol/L) at 85
C for 4 h''*). By TLC detection , the crude oligosaccha-
ride contained a series of oligosaccharide monomers
with their degrees of polymerization ranged from 5 to
12. The carbohydrate content of each crude oligosac-
charide was analyzed by the method of anthrone-sulfu-
ric acid spectrophotometry using glucose as a refer-
ence ")

Elicitation experiments

Each oligosaccharide stock solution was prepared using
sterile distilled water ,and was then conducted by filtra-
tion through a sterile filter membrane ( pore size,0. 45
pwm) . The oligosaccharide concentrations were prepared
as 0.5,2.5 and 5.0 mg/mL.

When D. zingiberensis suspension cell cultures were
cultured for 20 d,3 mL of oligosaccharide elicitor solu-
tion (0.5,2.5 and 5.0 mg/mL) was separately add-

ed. Therefore ,the final addition concentrations of oligo-

saccharide elicitor were 0.05,0.25 and 0.50 mg/ml..
Addition of 3 ml sterile distilled water was used as
control. The treated suspension cell cultures were re-
spectively harvested at 12,24 ,48,72 and 96 h after
elicitor addition, and then collected by vacuum filtra-
tion. The obtained fresh cell cultures were immediately
used for extraction of crude defense-related enzymes.
Each treatment was carried out in triplicate.

The D. zingiberensis seedlings cultured for 20 d were
placed in the 125-mL flasks. Each 125-mL flask contai-
ning 20 mL oligosaccharide solution (0.5,2.5 and 5.0
mg/ml.) was inoculated three seedlings (about 1.0 g
fresh weight ). Sterile distilled water was used as con-
trol. All the treated seedlings were kept in the culture
room at 25 °C under 12 h daily illumination of 2000
lux. The seedlings were separately harvested at 12,24,
48,72 and 96 h after oligosaccharide treatment. Water
adhering to the surface of seedlings was removed by ab-
sorbent papers. The harvested fresh seedlings were im-
mediately used for extraction of crude defense-related
enzymes. Each treatment was carried out in triplicate.
Extraction and detection of defense-related en-
Zymes

The PAL extraction and detection were conducted ac-
cording to the method as described previously with
some modifications®” . The harvested suspension cells
or seedlings (0.5 g in fresh weight,fw) were homoge-
nized in pre-cooling 5 mL 0.05 M sodium borate buffer
(pH 8.8) containing 5.0 mM B-mercaptoethanol. The
homogenate was then centrifuged at 12,000 g for 15
min at 4 C, and the supernatant was collected as the
enzyme extract of PAL. The reaction mixture consisted
of 50 pL enzymatic extract,100 wL 0.02 M L-phenyl-
alanine and 50 pL 0.05 M sodium borate buffer ( pH
8.8). After incubation at 40 °C for 60 min,50 uwL.2 M
HCI was added to stop the reaction. The absorbance at
290 nm of the reaction mixture was recorded by a mi-
cro-plate spectrophotometer. One unit (U) of PAL ac-
tivity is defined as a change of 0.01 OD at 290 nm per
minute per gram fresh weight. The PAL activity results
were presented as U/min g fw.

The crude enzymes PPO and POD were extracted ac-

cording to the method as described previously with
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some modifications'”''. The harvested suspension cells
or seedlings (0.5 g fw) were homogenized in pre-cool-
ing 5 mL 0.05 M sodium phosphate buffer (pH 6. 8)
containing 1% polyvinyl polypyrrolidone ( PVPP). The
homogenate was centrifuged at 12,000 g for 15 min at
4 °C and the supernatant was used for PPO or POD ac-
tivity assay.

The reaction mixture for PPO assay contained 50 pL
crude enzymatic solution,100 L 0.05 M catechol and
50 wL 0.05 M PBS (pH 8.8),and it was monitored
by measuring the change of absorbance at 398 nm for 2
min. One unit (U) of PPO activity is defined as a
change of 0. 01 OD at 398 nm per minute per gram
fresh weight. The PPO activity results were presented as
U/min/g fw.

For the POD activity assay,10 pL crude enzymatic so-
lution was mixed with 25 wL 1% guaiacol (g/mL) ,25
pL 1% H,0,(v/v) and 150 wL. 0.05 M PBS (pH 8.
8). After the reaction lasted for 10 min at 37 C , the
absorbance of the solution at 470 nm was recorded by a
micro-plate spectrophotometer. One unit (U) of PPO
activity is defined as a change of 0. 01 OD at 470 nm
per minute per gram fresh weight. The POD activity re-

sults were presented as U/min/g fw.

Results and Discussion

Effects of oligosaccharides on the activity of PAL

The effects of oligosaccharides EOS, WOS and SOS on
the activity of PAL in suspension cell and seedling cul-
tures of D. zingiberensis are presented in Fig. 1. When
the cultures were elicited by any oligosaccharide elici-
tor, the activity of PAL showed an increasing trend at
first and then decreased with the elongation of elicita-
tion time. When suspension cell cultures were treated
with 0.25 mg/mL of EOS, the activity of PAL was in-
creased to the highest at 24 h, which was 6. 19-fold of
control (Fig. 1A). The enhancement of PAL activity in
suspension cell cultures was also induced by 0. 50 mg/
mL of WOS at 48 h, which was 5. 12-fold of control
(Fig. 1B). For the seedlings, the highest PAL activity
was also induced by EOS. When the seedlings were
treated with 2.5 mg/mL of EOS,the PAL activity was
increased to the maximum at 48 h, which was 6. 21-fold
of control (Fig. 1D). Meanwhile, an obvious enhance-
ment on PAL activity in the seedlings was also observed
by 2.5 mg/mL of WOS at 24 h,which was 4. 07-fold of
control ( Fig. 1E). However, SOS produced relatively
weak improvement on PAL activity in seedling cultures
(Fig. 1F). On the whole, oligosaccharide EOS showed
the most excellent improving effect on PAL activity in

both suspension cell and seedling cultures of D. zingib-

erensis.
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Fig. 1 Effects of oligosaccharides EOS, WOS and SOS on PAL activities respectively in suspension cells (A,B and C) and

seedlings (D ,E and F) of D. zingiberensis

Note : Each value was expressed as mean + standard deviation (n=3)
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Effects of oligosaccharides on the activity of PPO

Fig. 2 displayed the effects of oligosaccharides EOS,
WOS and SOS on PPO activity in D. zingiberensis sus-
pension cell and seedling cultures. As presented in
Figs. 2A to 2C, the most effective elicitor to increase
the PPO activity in suspension cell cultures was EOS.
When suspension cell cultures were elicited by 0. 25
mg/mL of EOS,the activity of PPO was improved to the
highest at 24 h, which was 7. 16-fold of control ( Fig.
2A). Though WOS produced slightly weaker enhance-
ment than that of EOS, the activity of PPO was im-
proved to the maximum at 24 h,which was 5. 19-fold of

control in suspension cell cultures ( Fig. 2B). For the
seedlings , EOS produced the strongest enhancement on
PPO activity. When the seedlings were treated with 2.5
mg/mL of EOS,the activity of PPO was improved to the
maximum at 24 h, which was 4. 80-fold of control
(Fig. 2D ). When the seedlings were treated with 0.5
mg/mL of WOS at 24 h,the maximum PPO activity was
observed that was 3. 09-fold of control (Fig. 2E). As
displayed in Figs. 2E and 2F,SOS did not produce any
evident enhancement on PPO activity in suspension cell

or seedling cultures of D. zingiberensis.
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Fig.2 Effects of oligosaccharides EOS, WOS and SOS on PPO activities respectively in suspension cells (A,B and C) and

seedlings (D ,E and F) of D. zingiberensis

Note ; Each value is expressed as mean * standard deviation (n=3).

Effects of oligosaccharides on the activity of POD

The effects of oligosaccharides EOS, WOS and SOS on
POD activity in D. zingiberensis suspension cell and
seedling cultures are presented in Fig. 3. For suspen-
sion cell cultures,the highest POD activity was induced
by 0.05 mg/mL of EOS at 48 h,which was 4. 63-fold
of control ( Fig. 3A). When the suspension cell cul-
tures were elicited with 0. 25 mg/mL of WOS,the POD
activity was 3. 49-fold of control at 24 h (Fig. 3B).
The highest POD activity in suspension cell cultures in-
duced by SOS was observed at 24 h with the concentra-
tion of 0.25 mg/mL,which was just 2. 20-fold of con-
trol and far lower than that of EOS or WOS ( Fig.3C).

For the seedlings, EOS showed excellent effects on en-

hancement of POD activity. The highest POD activity in
the seedlings was produced by 2.5 mg/mL of EOS at
48 h, which was 6. 09-fold of control ( Fig. 3D ).
Though the improving effect of WOS was slightly wea-
ker than that of EOS, an obvious enhancement of POD
activity with 5. 18-fold of control at 24 h was also in-
duced by 2.5 mg/mL of WOS (Fig. 3E). In general ,
oligosaccharide EOS showed the best enhancement on
POD activity in both suspension cells and seedlings of
D. zingiberensis.

Elicitors, especially saccharides (i. e. polysaccharide
and oligosaccharide) from fungi, have been frequently
reported to induce defensive responses in plants'?’.

However, the oligosaccharide elicitors were mostly
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Note ; Each value is expressed as mean

prepared from pathogenic fungi'”'. Tt is rarely reported
to induce defense-related enzymes in plants by oligo-
saccharide elicitors from endophytic fungi. Increases of
PAL,PPO and POD activities have been proved to be
one of the earliest defensive responses of plants against
fungal stimuli’®’. Accompanied by the enhancement of
defense-related enzyme activities in plants, some com-
pounds related to plant defensive response have also be
observed, such as the accumulation of phenolic com-
pounds and PR-proteins'**'. In the present work, the
crude oligosaccharides ( EOS, WOS and SOS) prepared
from their corresponding polysaccharides EPS, WPS
and SPS from the endophytic fungus Berkleasmium sp.
Dzf12 were observed to significantly increase the activi-
ties of defense-related enzymes in suspension cell and
seedling cultures of its host D. zingiberensis. Results
demonstrated the oligosaccharides could trigger the en-
hancement of the activities of defense-related enzymes
in D. zingiberensis cultures. The variations of PAL,PPO
and POD activities in D. zingiberensis cultures were in-
fluenced by the categories and concentrations of oligo-
saccharides as well as the elicitation time, which were
in accordance with the previous studies'®’. However,
the structural characterizations of the oligosaccharides
(i. e. purification of oligosaccharide monomers, mono-

saccharide composition, monosaccharide linkages of

+ standard deviation (n=3).

each oligosaccharide monomer) as well as their struc-
ture-activity relationships and more specific defensive
mechanisms are not clear and worth investigating. Fur-
thermore , the relations between disease resistance and
defense-related enzyme activities by treatment with oli-
gosaccharides in wvivo are also needed for studying in

detail.

Conclusion

In this study, the effects of the oligosaccharides EOS,
WOS and SOS from the endophytic fungus Berkleasmi-
um sp. Dzfl2 on the activities of the defense-related
enzymes PAL, PPO, and POD in suspension cell and
seedling cultures of D. zingiberensis were investigated.
The maximum values of PAL, PPO and POD activities
were mostly observed at 24 h or 48 h after oligosaccha-
ride treatment, which showed significant enhancements
as compared with those of control. Among three oligo-
saccharides, EOS was the most effective elicitor to in-
duce activities of defense-related enzymes in D. zingibe-
rensis cultures. The present work might be contributed
to further understand the interaction between endophyt-
ic Berkleasmium sp. Dzf12 and its host D. zingiberensis,
which will provide an idea for the research and devel-
opment of saccharide agrochemicals as plant defense-

related elicitors.
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