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Abstract 

 

Characterization of Extracellular Vesicles in the 

Rice Blast Fungus 

 

Dawoon Chung 

Major in Plant Microbiology 

Department of Agricultural Biotechnology 

The Graduate School  

Seoul National University 

 

Extracellular vesicles (EVs) play important roles in cell-to-cell communications 

and also in host-microbe interactions. Fungal EVs contain complex 

macromolecules including RNAs, proteins, and pigments. In a human pathogenic 

fungus, Cryptococcus neoformans, EVs contain small RNAs (sRNAs), mRNAs, and 

proteins involved in pathogenicity and metabolic pathways. However, little is 

known about EV macromolecules in plant pathogenic or filamentous fungi. 

Therefore, I have researched on characterization of EVs in the model plant 

pathogenic fungus, Magnaporthe oryzae. As a first step to decipher EVs, EVs were 

isolated from mycelia of M. oryzae by differential centrifugation and observed 



ii 

 

under transmission electron microscope. sRNAs were also extracted from EVs and 

mycelia, and sequenced with Illumina HiSeq. 136,613 and 2,456,719 of distinctive 

sRNAs were identified from EVs and mycelia, respectively. sRNAs from EVs and 

mycelia exhibited differences in main origin site, 5’end nucleotide, and size. 

Proteins were also extracted from EVs and identified by LC-MS/MS. Fourteen 

proteins were identified from EVs including two pathogenicity-related proteins, 

MoSPE1 and MSP1. In summary, repertories of sRNAs and proteins are identified 

in EVs of M. oryzae. These results will provide new platforms to decipher 

trafficking effector molecules from the pathogen to host plant.  

……………………………………… 

KEYWORDS : extracellular vesicle, Magnaporthe oryzae, small RNA, 

protein, pathogenicity 

Student Number : 2015-23144 
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Ⅰ. Introduction 

 

Extracellular vesicle (EV) is a term containing all types of vesicles which exist 

extracellular space. EVs are formed in all kinds of cells including eukaryotic and 

prokaryotic cells. Before 2000s, EVs were regarded to contain just wastes created 

after metabolic activity. However, during last two decades, EVs were reported as 

a new mechanism for intercellular transport (Raposo et al., 2013). EVs are 

classified as exosomes, shedding vesicles, and apoptotic bodies according to 

formation mechanism. Exosomes are generated from multivesicular bodies 

(MVBs) in the cytoplasm and released to exoplasm by fusion of MVBs with plasma 

membrane called as exocytosis. A diameter of exosomes, which are the smallest 

sort of EVs, is approximately from 40 to 200 nm and relatively even in size. 

Shedding vesicles are created from plasma membrane through budding process 

known as ectocytosis. Sizes of shedding vesicles are irregular, but the diameter of 

most vesicles is between 40 and 1,000 nm. The last type of EVs is apoptotic bodies, 

which are formed after apoptosis, the programed cell death. Apoptotic bodies are 

the largest type of EVs and their sizes are from 800 to 5,000 nm (Borges et al., 2013). 

EVs perform various roles in immune response, homeostasis, and especially cell 

to cell communication. Using EVs in cell to cell communication give advantages 

in safety and accuracy compared with direct transport of macromolecules. 

Membranes of EVs, which are composed of phospholipid bilayer, protect EV 

components and membrane proteins of EVs guide them to the target cells. For cell 
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to cell communication, EVs transport diverse macromolecules including proteins, 

small RNAs (sRNAs) (Joffe et al., 2016).  

EVs produced by pathogens revealed to perform not only interspecies transport 

but also cross-kingdom interaction, especially host-pathogen interaction (Schorey 

et al., 2014). Furthermore, EVs of fungi are reported to carry proteins and RNAs 

related to pathogenicity (da Silva et al., 2013, Rodrigues et al., 2007). EVs of 

Alternaria infectoria, the plant pathogenic fungus, contain metabolism related 

proteins and pathogenesis related protein, O-methyltransferase. In addition, EVs 

produced by Cryptoccocus neoformans transport 12 pathogenesis/immune response 

proteins (Rodrigues et al., 2008) and facilitate adhesion and transcytosis during 

infection on human brain (Huang et al., 2012). It means EVs can be a new field to 

study host-pathogen interaction. However, only a little is studied about fungal EV, 

especially in plant pathogenic and filamentous fungi. 

Magnaporthe oryzae, the rice blast fungus, cause the devastating disease in 

worldwide. The fungus is also well known as the most important plant pathogenic 

fungus (Dean et al., 2012). As a model fungus, M. oryzae has advantages to study; 

revealed genomes of both pathogen and host, easy to culture on artificial media, 

amenable to molecular biological analysis. Moreover, proteome and RNA data 

base have been already constructed, which makes easy to identify proteins and 

RNAs in EVs. 

sRNA such as miRNA and siRNA contributes post-transcriptional regulation of 

gene expression called RNA interference (RNAi). Those kinds of sRNAs suppress 

or degrade mRNAs to modulate translation. In Botrytis cinerea, siRNAs from 
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fungus regulate defense gene of host plant by RNAi (Weiberg et al., 2013). This 

study showed sRNAs of pathogenic fungi can be used as weapons to attack hosts 

like effectors. However, how sRNAs of fungi transfer to the hosts is not studied 

yet. I suggest EVs as sRNA carrier to the hosts from the pathogenic fungi. 

Therefore, the objective of this study is to characterize EVs from Magnaporthe 

oryzae by observation and identification of macromolecules. This study 

demonstrated that EVs of plant pathogenic fungi carry virulence related 

macromolecules.  
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Ⅱ. MATERIALS AND METHODS 

 

1. Fungal strains and culture conditions 

KJ201, korean wild type strain of M. oryzae, is provided by the Center for Fungal 

Genetic Resources (CFGR, http://genebank.riceblast.snu.ac.kr) and used in this 

study. KJ201 was cultured on V8 juice agar plate (8% V8 juice (v/v), 1.5% agar 

powder (w/v), 0.031% 10N NaOH (v/v)) at 25℃ with constant fluorescent light 

condition to induce more conidiation. KJ201 was also cultured in TCM broth 

media (1% glucose (w/v), 0.6% NaNO3 (w/v), 0.05% KCl (w/v), 0.15% KH2PO4 

(w/v), 0.1% trace element (v/v), 0.1% vitamin supplement (v/v), 0.2% peptone 

(w/v), 0.1% yeast extract (w/v), 0.1% casamino acid (w/v), 1.5% agar powder (w/v)) 

at 25℃ with dark condition. 

 

2. Extracellular vesicle isolation and observation 

 KJ201 was cultured in V8 agar plate for 7 days to collect conidia. Conidia were 

inoculated to TCM broth media and cultured for 4 days. Mycelia were separated 

by filtering with miracloth supernatant and centrifuged at 15,000 x g for 30 

minutes to remove cell debris. Separated mycelia were kept in liquid nitrogen and 

used to extract sRNAs. The supernatants were incrassated with Centricon plus-70 

centrifugal filter (100kDa cutoff, Millipore). Incrassated supernatants were 

ultracentrifuged at 100,000 x g for 1 hour, and eluted in TBS buffer (50mM Tris, 
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150 mM NaCl, pH 7.6). Eluted pellets were ultracentrifuged again at 100,000 x g 

for 1 hour to wash residual media and salts. Final pellets were suspended in TBS 

buffer and store at 4℃. 

Isolated EVs were attached to negative charged copper grids to observe in 

transmission electron microscope. Attached EVs were stained with uranyl acetate 

(UA) and observed using JEM-1010 TEM (JEON) and LIBRA 120 EF-TEM (Carl 

Zeiss) in different magnification.  

 

3. sRNA isolation 

To isolate sRNAs from mycelia and EVs, separated mycelia and isolated EVs 

were used. Before extract sRNAs from EVs, EVs were treated with 0.4 ㎍/㎕RNase 

(RBC) for 10 minutes at 37℃ to remove RNAs which exist outside of EVs (Koga 

et al., 2011). RNAs were extracted with the RNeasy mini kit (Qiagen), and treated 

with the RNeasy MinElute Clean Kit (Qiagen) according to the manufacturer’s 

protocol, to isolate sRNA-enriched fractions.  
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4. sRNA sequencing 

sRNAs from mycelia and EVs were qualified by 15% urea-PAGE and Agilent 

2100 bioanalyzer. 0.1 ㎍ of purified sRNAs from each mycelia and EVs were used 

to perform sRNA sequencing. The sRNA sequencing was performed with 

illumina HiSeq 4000 platform according to manufacturer’s protocol. 

 

5. Computational analysis of sRNA 

Sequencing data were trimmed by phred quality score (cut-off 30) and read 

length (16-40 nt) using Sickle (https://github.com/najoshi/sickle). Trimmed reads 

were matched with genome of M. oryzae and matched reads were acquired. 

Matched reads were characterized by origin site, 5’end base distribution, and size. 

sRNA effector candidates were picked out from EV mapped read by several 

standard; ⅰ. existing both mycelia and EV, ⅱ. NRPM above 100, ⅲ. enriched 

in EV, ⅳ. able to predict target rice genes ⅴ. 18-24 nt. 
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6. EV protein analysis 

 EV proteins were extracted with Pro-prep protein extraction solution (iNtRON) 

and manufacturer’s protocol. Extracted proteins were qualified with Bradford 

assay and 15% polyacrylamide gel electrophoresis (PAGE). Primary two-

dimensional gel electrophoresis (2-DE) in mini PAGE gel was performed to 

investigate pH range of EV proteins. After primary 2-DE, proteins were separated 

with 2-DE on 14% SDS-PAGE. Separated proteins were digested with trypsin and 

analyzed with LC-MS/MS. Sequences of fragments were figured out with Mascot 

program. In turn, EV proteins were decided by matching and assembly using M. 

oryzae proteome database constructed in our laboratory. Function of EV proteins 

were predicted by Interpro analysis. 
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Ⅲ. RESULTS 

 

1. Isolation of EVs 

Mycelia of M. oryzae were cultivated for 4 days in liquid medium. EVs were 

isolated from mycelia and observed with two kinds of TEM in different 

magnifications (Fig. 1). As a result of observation, diameters of EVs were 18 – 

150 nm. According to size distribution of EVs, collected EVs from M. oryzae are 

assumed as exosomes. 

 

2. RNA sequencing of mycelial and EV sRNAs 

Before sequencing, qualities of RNAs from mycelia and EV were double checked 

by PAGE and bioanalyzer (Fig. 2). As a result, 25 nt long sRNAs showed high 

proportion in mycelia, however, 27, 35, 43 nt long sRNAs showed high proportion 

in EV.  

 After sequencing, 59,120,653 and 48,781,996 raw reads from mycelia and EV, 

respectively. Raw reads were filtered by quality and size with sickle. Filtered reads 

were matched to M. oryzae genome to find sRNAs originated from M. oryzae. 

Finally, 18,123,124 and 595,258 mapped reads were acquired from mycelia and 

EVs, respectively (Table 1). 
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Figure 1. Observation of EVs isolated from M. oryzae 

 EVs were observed with two kinds of TEM, standard TEM (80kV) (A) and 

Energy-filtering TEM (120kV) (B) in different magnifications. Diameters of EVs 

were measured as 18-150 nm. 

(A) (B) 
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Table 1. sRNA sequencing of mycelial and EV 

 ＊ Standard for size filtering : 16-24 nt  

Isolated sRNAs from mycelia and EV of M. oryzae were sequenced by Illumina 

HiSeq 4000. Firstly, raw reads were filtered by quality and size and mapped reads 

were aquired by matching with M. oryzae genome. 

 

  Mycelia EV 

Raw read 59,120,653 48,781,996 

Quality &  

size filtering＊ 
45,217,748 8,426,341 

Mapped read 18,123,124 595,258 
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Figure 2. Quality check of sRNAs isolated from mycelia and EVs 

Polyacrylamide gel electrophoresis was performed to sRNAs (A). RNase was 

added to EVs before sRNA isolation. RNase- and RNase+ showed different pattern 

because outside RNAs were removed. Bioanalyzer was used to quality check of 

sRNAs in mycelia and EVs (B). 
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3. Computational analysis of mapped reads 

To characterize EV sRNA, EV mapped reads were compared with mycelial 

mapped reads by computational methods. First, origin site of sRNAs were 

predicted (Fig. 3A). Most of mycelial sRNAs came from repeat (42.0%) and 

intergenic region (45.0%) of M. oryzae. In case of EV, only 16.0% and 20.8% of 

sRNAs came from repeat and intergenic region, otherwise, 51.2 % of sRNAs came 

from exon sense region. This result suggests that many sRNAs in EVs of M. oryzae 

have different fuctions with mycelial sRNAs. However, except sRNAs from exon 

region, 36.6% and 47.8 % of sRNAs were originated from repeat and intergenic 

region. Therefore, EV sRNAs are also supposed to perform same roles with 

mycelial sRNAs 

Also, 5’end base of sRNA was reported to have a high correlation with 

recognition of argonaute protein which is a key protein of RNAi. Ago1, Ago2, and 

Ago3 of M. oryzae prefer adenine and uracil at 5’end of sRNAs (Nguyen et al., 

2018). Therefore, I also investigated 5’end of sRNAs from mycelia and EVs (Fig 

3B). There was high portion of adenine (24.3%) and uracil (42.6%) at 5’end of 

mycelial sRNAs, otherwise, adenine (30.6%) and guanine (30.0%) occupied high 

percentage at 5’end of EV sRNAs. However, different patterns were observed 

after enumerating sRNAs according to read length (Fig. 4). sRNAs from not only 

mycelia but also EVs showed high percentage of 5’adenine and uracil on 18 – 24 

nt which length of most sRNAs related to RNAi are. Especially, adenine and uracil 

occupied 36.6% and 31.2% in peak, 20 nt length. 

Mycelial and EV sRNAs were also different in size distribution. In case of 
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mycelial sRNAs, 87.0% of sRNAs were concentrated in 18 – 24 nt and only little 

portion was observed in other length. However, EV sRNAs showed relatively 

even distribution rather than mycelial sRNAs. Nevertheless, EV sRNAs also 

showed concentrated distribution of 59.1% between 18 and 24 nt.  
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Figure 3. Origin site and 5’end base distribution of mapped read 

Origin sites of mapped reads were tracked by mapped reads and M. oryzae 

genome (A). 5’end base was also analyzed to find which base does most frequently 

exist (B). 
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Figure 4. 5’end base distribution by read length 

5’end base of sRNAs were listed by read length in mycelia (A) and EV (B). Mycelial 

sRNAs converged on 18 – 24 nt, but EV sRNAs were distributed evenly. Also, both 

mycelial and EV sRNAs have high adenine and uracil composition in 18-24 nt. 
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4. sRNA effector candidate in EV 

Research on B. cinerea showed possibility of sRNA effector on fungi (Weiberg et 

al., 2013). As additional case in Metarhizium acridum was reported (Hu et al., 2018), 

M. oryzae also have a possibility of producing sRNA effectors. To find sRNA 

effectors in M. oryzae, I picked out candidates (Table 2). As a result, I found 199 

distinctive sRNA effector candidates, which were predicted to target 535 rice 

genes. 

 To have an influence on infection, sRNA effectors should regulate resistance 

related genes of rice. Among sRNA effector candidates, 20 sRNAs which were 

predicted to target 14 resistance related genes of rice were selected (Table 3). 7 

Leucine-rich repeat genes, 5 NB-ARC domain containing genes, an Avr9 elicitor 

response-like protein gene, and a NBS-LRR disease resistance protein gene were 

predicted as targets. Moreover, 3 of 20 sRNAs have adenine on 5’end and 11 

sRNAs have uracil on 5’end.  
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Table 2. Selection of sRNA effector candidate 

* normalized reads per million 

To find sRNA effector, EV sRNAs were filtered with several standards. Selected 

sRNAs existed more than 100 NRPM in both mycelia and EVs, were enriched in 

EV, targeted rice genes, and have size of 18-24 nt. Finally, 199 distinctive sequences 

with 83,931 total reads were selected as sRNA effector candidates. 

 

 

 

 

 

 

 

 

 

Filtering condition Distinctive sequence Total reads 

Common to mycelia 49,250 448,082 

Cut off by read count 

(NRPM*>=100)  
843 269,875 

EV enriched 782 260,586 

Targeting rice gene 308 127,633 

18-24nt length 199 83,931 
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Table 3. List of sRNA effector candidates predicted to target resistance related 

genes  

sRNA Length Predicted target Description of target gene 

sRNA_1648849 18_bp Os01t0160700 Leucine-rich repeat 

sRNA_1879438* 19_bp Os01t0171000 Leucine-rich repeat like kinase 

sRNA_1758108** 20_bp Os02t0614966 Leucine-rich repeat 

sRNA_1524957* 18_bp Os02t0759700 Leucine-rich repeat 

sRNA_0241196 18_bp Os03t0577500 Avr9 elicitor response-like 

protein 

sRNA_1658399** 18_bp Os03t0577500 Avr9 elicitor response-like 

protein 

sRNA_0885855** 19_bp Os03t0577500 Avr9 elicitor response-like 

protein 

sRNA_1718076** 19_bp Os05t0250700 NB-ARC domain 

sRNA_1958850** 19_bp Os05t0533400 NB-ARC domain 

sRNA_2340660 22_bp Os06t0693100 NB-ARC domain 

sRNA_0199356** 18_bp Os06t0707350 NBS-LRR disease resistance 

protein  

sRNA_2354068** 18_bp Os11t0644100 Leucine-rich repeat 

sRNA_1626183** 19_bp Os11t0652100 NB-ARC domain 

sRNA_0241196 18_bp Os11t0684100 NB-ARC domain 

sRNA_1578799 19_bp Os11t0684100 NB-ARC domain 
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sRNA_0854273** 19_bp Os12t0222900 Leucine-rich repeat 

sRNA_0107876 18_bp Os12t0222900 Leucine-rich repeat 

sRNA_0219010** 18_bp Os12t0222900 Leucine-rich repeat 

sRNA_1865894* 18_bp Os12t0222900 Leucine-rich repeat 

sRNA_2286618** 19_bp Os12t0559300 Leucine-rich repeat 

* sRNAs which have adenine on 5’end 

** sRNAs which have uracil on 5’end 
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5. EV proteins analysis 

As a result of primary 2-DE, most of proteins existed between pH 4 and pH 7. EV 

proteins were separated by main 2-DE between predicted pH range (Fig. 5). 

Effector proteins are known to have small molecular weight. Therefore, 19 spots 

were selected by amount of proteins and sizes, and analyzed by LC-MS/MS after 

purification. As a result, 14 proteins were identified from EVs of M. oryzae (Table 

4). Most of identified proteins were hypothetical proteins, however, functions of 

10 proteins were identified using InterPro analysis and previous studies. Some 

surface proteins and transport proteins were discovered in EVs. In particular, two 

proteins, MoSPE1 (MGG_00052) and MSP1 (MGG_05344), were detected in EVs, 

which were reported as pathogenicity related proteins (Kim, 2011, Wang et al., 

2016).  
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Figure 5. 2-DE of proteins in EVs from M. oryzae 

EV proteins were separated by 2-DE in 14% SDS-PAGE. 19 spots were selected with 

two standards, small size and high concentration. Selected spots were extracted 

and analyzed by LC-MS/MS after digestion with trypsin. 
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Table 4. List of EV proteins in M. oryzae 

Locus name Description Interpro 

MGG_00052T0* MoSPE1 Survival protein SurE 

MGG_00283T0 hypothetical protein  

MGG_00588T0 CIA30 family protein CIA30 

MGG_00592T0 
cell wall 

glucanosyltransferase 
 

MGG_01085T0 ThiJ/PfpI family protein DJ-1/PfpI family 

MGG_03439T0 acid phosphatase  

MGG_04263T0 hypothetical protein  

MGG_04944T0 hypothetical protein 
Glycosyl hydrolases 

family 16 

MGG_05232T0 hypothetical protein  

MGG_05344T0* MSP1  

MGG_07973T0 surface protein 1 Cerato-platanin 

MGG_13009T0 hypothetical protein  

MGG_13654T0 hypothetical protein 
Alternaria alternata 

allergen 1 

MGG_15022T0 hypothetical protein Carbohydrate binding 

* pathogenicity related proteins  
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Ⅳ. Discussion 

 

Several secretion pathways have been reported in fungi. Conventional secretory 

system and Biotrophic Interfacial Complex (BIC) in M. oryzae were known to 

transport pathogenic macromolecules like effectors, but secretion through EVs has 

rarely studied. One of the advantages of EVs in host-pathogen interaction is they 

can carry undiluted substances safely with high concentration. Recently, 

Rodrigues and his colleague discovered virulence associating protein components 

in Cryptococcus neoformans (Rodrigues et al., 2008). This research suggests EV can 

become a powerful weapon for pathogen to attack host. In this study, EVs in M. 

oryzae were characterized and their components which are able to be weapons 

were analyzed. 

EVs of M. oryzae measured 18 – 150 nm (Fig. 1), which was similar with previous 

observation in other fungi (Silva et al., 2013; Vallejo et al., 2011). According to 

shape and size of EVs, they were assumed as exosomes. In filamentous fungi, most 

of exosomes are released from the tip of mycelia, which is first encounter location 

of fungi and host during infection. Therefore, fungal exosomes can rapidly 

transfer pathogenic substance. This supports that EVs of M. oryzae can be weapon 

during infection. 

Fungal EVs contain diverse substance including sRNAs and proteins (Joffe et al., 

2016). sRNAs and proteins were analyzed to characterize EVs. High portion of 

sRNAs from both mycelia and EVs were originated from repeat and intergenic 
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region. Because most of functional miRNAs and siRNAs were originated from 

those section of genome, this data suggests existence of miRNAs and siRNAs 

among mycelial and EV sRNAs. EV sRNAs also have a different characteristic 

with mycelial sRNAs in origin site. Less than 10% of mycelial sRNAs came from 

exon, otherwise, about half of EV sRNAs were revealed to be originated from exon 

(Fig. 3A). It means EV is also used to excretion of waste mRNAs. 

sRNAs need RNA-induced silencing complex (RISC) to silencing mRNA 

(Filipowicz et al., 2008). Argonaute, which is RNA binding protein composing 

RISC, prefers particular 5’end base to bind sRNAs. UMP and AMP at 5’end make 

stable bond with human argonaute protein, hAGO2 (Frank et al., 2010). Also, three 

argonaute proteins of Arabidopsis, AGO1, AGO2, and AGO5, prefer uracil, adenine, 

and cytosine at 5’end, repectively (Takeda et al., 2008). Especially, adenine and 

uracil are main base binding Ago1, Ago2, and Ago3 of M. oryzae (Nguyen et al., 

2018). Results of this study also showed high portion of adenine and uracil at 5’end 

of sRNAs. Although percentage of uracil was low in mapped reads of EV (Fig. 3B), 

both adenine and uracil occupied high portion in 18-24nt (Fig. 4). Considering that 

previously reported miRNAs and siRNAs are mainly 18-24nt, EV sRNAs can also 

participate in RNAi.  

Not only protein but also sRNA is involved in pathogenic mechanism. Hailing 

Jin group reported sRNAs of fungal pathogen can suppress host gene (Weiberg et 

al., 2013). According to their study, sRNAs of Botrytis cinerea move to Arabidopsis 

and tomato and suppress their defense genes, MAP kinase and PDF, like effectors. 

Those sRNAs, sRNA effectors, need proper transport system to move to host cell. 
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As mentioned above, EV is able to perform as safe and stable carrier for sRNAs. 

Therefore, sRNA effectors were tried to find in EV sRNAs. Consequently, twenty 

sRNA effector candidates were selected. 11 of sRNA effector candidates have 

uracil on 5’end and 3 of candidates have adenine on 5’end. These 14 candidates 

have high possibility to work as sRNA effectors.  
 Traditionally, proteins have been regarded as major pathogenic substances. 

Diverse effectors and other pathogenicity related proteins were reported, however, 

secretion pathways of many proteins were not clear (de Wit et al., 2009). Previous 

study on fungal EVs suggests EVs have the role of pathogenic protein carrier 

(Rodrigues et al., 2008). To determine pathogenicity related proteins transported 

by EVs, EV proteins were identified with LC-MS/MS. Fourteen proteins were 

identified from EVs, and two pathogenicity related proteins were discovered in 

EVs. MGG_00052 encodes MoSPE1, which is related to conidiation and 

pathogenicity of M. oryzae (Kim, 2011). MGG_05344 encodes MSP1, which is 

dispensable for appressorium formation (Wang et al., 2016) and induce 

programmed cell death on rice (Jeong et al., 2007). Secretory pathway of these two 

secreted proteins were not reported, but this study revealed that two proteins are 

secreted by EV. Function of other 12 proteins have not been studied, however, 

considering two known proteins, other proteins have high potential to be revealed 

as pathogenicity related proteins. 

 In this study, I characterized EV of M. oryzae. sRNAs in mycelia and EVs were 

analyzed and 20 sRNA effector candidates were selected. Furthermore, 14 

secreted proteins were identified from EVs and 12 new pathogenic proteins were 
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supposed. This research did not perform functional studies on sRNA effector 

candidates and secreted proteins, thus further experiments are required for 

identified sRNAs and proteins. However, this study is meaningful to compare 

mycelial and EV sRNAs at the first in filamentous fungi and investigate EV 

proteins at the first in M. oryzae. 
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요약 (국문초록) 

 

세포 밖 소포체는 세포와 세포간의 의사소통과 기주-기생체 상호작용에서 

중요한 역할을 한다. 곰팡이의 세포 밖 소포체는 리보 핵산, 단백질, 색소를 

포함한 다양한 고분자 화합물을 포함하고 있다. 인체 병원성 곰팡이인 

Cryptococcus neoformans에는 미세 리보 핵산, 메신저 리보 핵산, 그리고 

병원성과 소포체 기반 수송에 관련되어 있는 단백질이 포함되어 있다. 하지만 

식물 병원성 혹은 사상성 곰팡이에서는 세포 밖 소포체에 존재하는 고분자 

화합물에 대한 연구가 미흡하다. 따라서, 식물 병원성 곰팡이인 벼 도열병균 

(Magnaporthe oryzae)에서 세포 밖 소포체에 존재하는 고분자에 대 연구를 

진행하였다. 우선 세포 밖 소포체를 분석하기 위하여, 분별원심분리를 

이용하여 세포 밖 소포체를 분리한 후 투과전자현미경을 통해 관찰하였다. 

이후 균사와 세포 밖 소포체로부터 미세 리보 핵산을 분리하였고 Illumina 

HiSeq을 통해 염기서열을 분석하였다. 그 결과 세포 밖 소포체와 균사로부터 

각각 136,613 개와 2,456,719 개의 미세 리보핵산 서열을 밝혀낼 수 

있었다. 세포 밖 소포체와 균사로부터 나온 미세 리보 핵산은 유래된 지점, 5’ 

말단 염기, 크기 등에서 차이를 보였다. 또한, 세포 밖 소포체로부터 단백질을 

추출하여 LC-MS/MS를 통해 동정하였다. 이를 통해 세포 밖 소포체로부터 

두개의 병원성 관련 단백질인 MoSPE1과 MSP1을 포함한 14개의 단백질을 

동정할 수 있었다. 요약하자면 벼 도열병균의 세포 밖 소포체로부터 미세 

리보 핵산과 단백질을 동정하였다. 이 연구는 기생체에서 기주로 향하는 작용 

단백질을 추적하는 새로운 기반을 제공할 것이다.  
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