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ABSTRACT:  16 

Many eutrophic lakes contain rapidly growing hydrophytes. Overgrown biomass is usually me-17 

chanically harvested and thrown away, leading to resource waste and secondary environmental 18 

pollution. Microbial degradation is an economically and environmentally friendly approach for 19 

managing hydrophytic waste, fuelling the search for efficient biomass degraders. Here, we present 20 

isolation and characterization of Aspergillus sydowii WIU-01, a novel cellulolytic fungus. Strain 21 

WIU-01 was isolated from air. The degradation rate (29.75 vs. 21.95%) and endoglucanase activity 22 

(0.31 vs. 0.16 U mL–1) of the fungus were higher in Canna indica (emergent plant) medium than in 23 

Hydrilla verticillata (submerged plant) medium, accordingly. Further, fungal endoglucanase activ-24 

ity was significantly positively correlated with the degradation rate, neutral detergent fiber content, 25 

and acid detergent fiber content of hydrophyte powder. Fungal biomass was significantly negatively 26 

correlated with reducing sugar and cellulose content of hydrophyte medium, but was significantly 27 

positively correlated with hemicellulose, acid detergent lignin, and ash content of the medium. 28 

Collectively, these observations indicate that A. sydowii decomposes emergent and submerged plant 29 

mass without acid–base sample pretreatment, albeit its endoglucanase activity is relatively low. This 30 

highlights the role of cellulolytic microorganisms in the natural environment and the notion that the 31 

environment can be a source of cellulolytic microorganisms for potential environmentally friendly 32 

applications. 33 
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1. Introduction 36 

Hydrophytes are important biological resources in the aquatic ecosystem, as they play central role in 37 

the energy-flow of aquatic material and ecosystem stability (Van Echelpoel and Goethals, 2018). 38 

However, increase in organic nutrient levels (e.g., from pollution, abusive discharge, or atmospheric 39 

deposition) or introduction of alien hydrophytes into the environment (e.g., water lily) can cause 40 

hydrophyte overgrowth (Zhao et al., 2012). The overgrowth usually leads to the accumulation of 41 



  

 

considerable biomass in some eutrophic lakes. Generally, aquatic plant overgrowth negatively 42 

impacts the ecosystem, e.g., by creating hypoxic conditions, crowding the water body, decreasing 43 

the light penetrance, and reducing the biodiversity (Geary and Kim, 2001). Further, the decaying 44 

hydrophyte residue may act as a secondary pollutant that is detrimental to nutrient elements, such as 45 

releasing the nitrogen and phosphorus, in the water body (Welsch and Yavitt, 2003). Consequently, 46 

the overgrown hydrophytes have to be effectively managed and utilized.  47 

At present, hydrophytes are mainly used for the production of biological fertilizers, fuels, etc. 48 

(Kaur et al., 2014). As the biomass is a recalcitrant network of lignocellulose containing cellulose 49 

(CEL), hemicellulose (HC), and lignin, lignocellulose hydrolysis is the rate-limiting step of biomass 50 

utilization (Amezcua-Allieri et al., 2017). Consequently, the biomass have to be pretreated to dis-51 

rupt lignocellulosic structure to enhance accessibility of CEL and other fiber fractions. CEL is a 52 

carbohydrate polymer composed of repetitive fibrils of β-D-glucopyranose linked by 53 

β-1,4-glycosidic bonds (Sajab et al., 2019). Various physical, chemical, biological, and physico-54 

chemical methods are used for biomass pretreatment. The non-biological methods have serious 55 

limitations, such as high energy consumption, and generation of by-products or chemical waste. By 56 

contrast, biological pretreatment methods that utilize microbes for lignocellulose degradation are 57 

environmentally friendly and low-cost methods.  58 

Synergistic activity of multiple enzymes greatly improves the depolymerization of CEL. En-59 

doglucanases (EG) preferentially cleave the β-glucosidic bond, randomly hydrolyzed the amor-60 

phous regions of fibrils. Some microorganisms (bacteria, fungi, or yeasts) produce EG that convert 61 

CEL to soluble oligosaccharides (Mohapatra et al., 2018b). Filamentous fungi, such as Aspergillus 62 

spp., play a vital role in CEL degradation, as they produce an array of enzymes that decompose plant 63 

cell wall polysaccharides (CEL, HC, and pectin) (Kowalczyk et al., 2017). Aspergillus is an ancient 64 

organism with strong adaptive capacity, and is widely distributed in the biosphere (Jurjevic et al., 65 

2012). In fact, many Aspergillus species have been studied from the perspective of plant biomass 66 

degradation, and possess good cellulase and β-glucosidase activity (Benoit et al., 2015, Makela et 67 



  

 

al., 2018, Raulo et al., 2016). However, in many cases, acid–base pretreatment of the plant biomass 68 

is required before microbial degradation and utilization, and this increases the processing cost. 69 

Accordingly, identification of new microbes that efficiently decompose and utilize plants without 70 

any pretreatment and in the natural environment draws considerable interest. 71 

Some CEL decomposing microorganisms have been identified over the years. As early as in 72 

1987, Bhat and Maheshwari (1987) studied the activity of components of the extracellular cellulase 73 

system of the thermophilic fungus isolated from the soil. Hernández et al. (2001) isolated Strep-74 

tomyces sp. UAH 47 from lignocellulosic residues. Yoon and Kim (2005) showed that cellulases 75 

produced by the brown rot basidiomycete Fomitopsis palustris degrade crystalline CEL to soluble 76 

sugars. Further, Herve et al. (2014) reported on the white-rot fungus Phanerochaete chrysosporium 77 

screened from the beech forest soil for wood decomposition.  78 

The above microbes have been isolated from an environment that contains CEL or decaying 79 

plants. However, we focused that the harvested plant leaves would be decayed and decomposed in 80 

the air environment. These microbes using CEL as a carbon source should survive dispersion in air. 81 

Therefore, it is also important to characterize air-borne CEL-decomposing microorganisms. As a 82 

proof of concept, we here isolated strains with crystalline CEL-degrading activity from air to prove 83 

that the presence of microbes in the air could cause the decomposition of plants. Moreover, we also 84 

characterized the hydrophyte-degrading ability of the most promising isolate to assess its future 85 

potential applications. 86 

2. Materials and Methods  87 

2.1. Isolation of CEL-degrading Microorganisms from Air  88 

Air-borne microbes with strong survival capacity were isolated in a primary screening medium, with 89 

sodium carboxymethyl CEL (CMC-Na) as the only carbon source. The medium also contained 90 

(NH4)2SO4, K2HPO4, MgSO4·7H2O, peptone, yeast extract, and agar (2%, w/v). The medium was 91 

autoclaved (121 °C for 30 min), and poured into a sterile culture dish (10-cm in diameter). Next, an 92 

uncovered culture dish containing the medium was placed on the workbench, and incubated at 30 °C 93 



  

 

for 5 d. All reagents used in the current study were purchased from Shanghai Aladin Biochemical 94 

Technology Co. LTD. 95 

2.2. Purification and Further Screening 96 

After a 5-d static cultivation, several distinct colonies with different morphological features were 97 

observed growing on the plate. The microbes were purified by passaging on CMC-Na medium until 98 

uniform colony morphology was obtained. Single-colony diameter was measured, and the plates were 99 

stained with a solution of Congo red (1 mL mg–1) and de-stained with sodium chloride (1 mol L–1) to 100 

compare the cellulose degrading capacity of the isolates (Teather and Wood, 1982). The isolate deg-101 

radation capacity was compared by calculating the ratio of the transparent halo around the colony to 102 

the colony diameter. A fungal isolate (strain WIU-01) with pronounced cellulose degrading ability 103 

was selected for detailed characterization. 104 

2.3. Isolate Identification 105 

The fungal Internal Transcribed Spacer (ITS) rDNA gene was sequenced after PCR amplification 106 

using the ITS1 forward primer (5-TCCGTAGGTGAACCTGCGG-3) and the ITS4 reverse primer 107 

(5-TCCTCCGCTTATTGATATGC-3) (Schoch et al., 2012) at Shanghai SANGON Biotech Co., 108 

Ltd. The obtained sequence was then compared with the sequences deposited at 109 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi) using the Basic Local Alignment Search Tool. Strain 110 

WIU-01 was identified based on the degree of sequence homology (Embley and Stackebrandt, 1994). 111 

The phylogenetic tree was constructed by using MEGA v. 7 and the neighbor-joining method (boot-112 

strap analysis with 500 replicates) (Tamura et al., 2004). ClustalW program was used for multi-113 

ple-sequence alignment and the maximum composite likelihood method was used to compute evolu-114 

tionary distances. 115 

2.4. EG activity and Reducing Sugar (RS) Content Determinations  116 

Logarithmic-phase fungal culture was refreshed by dilution (1%, v/v) in 50 mL of fresh medium. EG 117 

activity was monitored in CMC-Na medium containing 1% (w/v) CMC-Na (prior to the experiment, 118 

CMC-Na was dissolved in acetate–sodium acetate buffer) as the substrate, as described by Ghose 119 

https://blast.ncbi.nlm.nih.gov/Blast.cgi


  

 

(1987), with slight modification. The experiment was conducted for 14 d, with shaking (180 rpm), at 120 

30 °C.  121 

For the EG activity assay, the culture was sampled every 24 h. At each time point, 2 mL of 122 

culture were withdrawn and centrifuged at 4000 rpm for 20 min. Then, 0.5 mL of the supernatant was 123 

mixed with 1.5 mL of substrate in a 25-mL volumetric flask, and incubated at 50 °C for 30 min. Next, 124 

1.5 mL of 3,5-dinitrosalicylic acid was added to stop the reaction (Miller, 1959). The samples were 125 

then heated in a boiling water bath for 5 min to allow color development. After cooling to room 126 

temperature, the volume was adjusted to the 25-mL mark with deionized water. Finally, sample ab-127 

sorbance was determined at 540 nm using an UV-vis spectrophotometer (UV-1800, Shimadzu, 128 

Kyoto, Japan). The amount of RS released was calculated using a curve constructed with glucose as a 129 

standard. The glucose standard curve was prepared as described elsewhere Ghose (1987). Inactivated 130 

sample (supernatant placed in a boiling water bath for 10 min) was used as the blank control. One unit 131 

(U) of EG activity was defined as the amount of enzyme required for the release of 1 mol of glucose 132 

per min under the above conditions. The RS content was determined by DNS method.  133 

2.5. Fungal Decomposition of Submerged and Emergent Plant Material 134 

The emergent plant Canna indica L. and submerged plant Hydrilla verticillata (L. f.) Royle were 135 

chosen for the hydrolysis assays as they are widely distributed in the tropical to temperate regions of 136 

Eurasia (Biswabijayinee et al., 2008, Cook, 1985).  137 

Mature and healthy leaves and stems of C. indica and H. verticillata were used. The plant mate-138 

rial was washed several times in water, heated at 100 °C for 30 min, and dried at 80 °C. It was then 139 

crushed and sieved through a 60-size mesh. Next, 1.00 g of plant material was weighed (starting 140 

weight, W1) and mixed with 30 mL of mineral salt medium, according to Mandels and Weber (1969), 141 

with slight modification. Specifically, the solution contained K2HPO4·3H2O, (NH4)2SO4, 142 

MgSO4·7H2O, CaCl2·2H2O, FeSO4·7H2O, ZnCl2, and CoCl2·6H2O. The mixtures were then sterilized 143 

at 121 °C for 30 min. One milliliter of logarithmically growing fugal culture (prepared as described in 144 

section 2.4) was used to inoculate the solutions, in triplicate, and cultivated with shaking (180 rpm) at 145 



  

 

30 °C. The culture medium without the fungal inoculum was used as the control. The cultures were 146 

sampled on days 1, 2, 4, 7, 13, 20, and 30. At each sampling point, 2 mL of culture were centrifuged 147 

(4000 rpm for 20 min), and EG activity and RS were determined in the supernatants, as described in 148 

section 2.4. The pellets were washed three times with ultrapure water, dried at 100 °C, and then 149 

weighed (final weight, W2). The degradation rate of plant material was calculated using the following 150 

formula:  151 

Degradation rate (%) = [(W1 – W2)/W1]  100,  152 

W1 is the starting weight of the plant material in the mineral salt medium. W2 is the final weight 153 

of plant material after 30 d of incubation in the presence or absence of strain WIU-01, as described 154 

above. 155 

Protein content in the samples was determined by using Bradford assay, with bovine serum 156 

albumin as the standard (Bradford, 1976). 157 

2.6. Fiber Analysis of Plant Material 158 

CEL, HC, neutral detergent fibrils (NDF), acid detergent lignin (ADL), acid detergent fibrils (ADF), 159 

and ash content in the C. indica and H. verticillata material were determined by using Van Soest 160 

method (Van Soest et al., 1991).  161 

2.7. Statistical Analysis 162 

Preliminary data analysis was performed using Excel 2016 (Microsoft Office, Microsoft). The figures 163 

and histograms were prepared using Origin Pro 2021 Beta3 (Origin Lab Corporation). Phylogenetic 164 

analyses were performed using MEGA v. 7. SPSS 22 (SPSS Statistics, IBM) was used for statistical 165 

analysis of independent samples (t-test). Correlation analysis was performed based on Pearson cor-166 

relation. The significance threshold was set at p < 0.05 (*p < 0.05, **p < 0.01, ***p < 0.001). 167 

3. Results and Discussion 168 

3.1. Morphological Characterization and Genetic Identification of the Isolated Fungus 169 

In the current study, we aimed to isolate air-borne cellulolytic microbes. Based on the colony 170 

characteristics, microscopic morphological evaluation, and molecular and phylogenic analysis, we 171 



  

 

identified strain WIU-01 as a cellulolytic fungus. According to the microscopic evaluation (Figure 172 

1a–c), the fungus grew on CMC-Na agar medium, forming an intricate network of extended hyphae. 173 

It formed fluffy and white colonies on CMC-Na agar medium at the early cultivation stage, which 174 

then became green, and finally, dark green. The conidia grew on the hyphae, with smooth stipes 175 

formed. The conidial heads were loose and radiated. The conidiophores were spherical, approxi-176 

mately 3.5 μm in diameter, light green, and with small surface spines observed under 10 × 100 177 

magnification. Based on the ITS rDNA sequence and phylogenic analysis, the fungus WIU-01 was 178 

identified as Aspergillus sydowii (Figure 1d) (Jurjevic et al., 2012). 179 

 180 

 181 

 182 



  

 

 183 

Figure 1. The morphology and phylogenic analysis of the cellulolytic fungal isolate WIU-01. (a) 184 

Representative fungal hypha viewed under 10 × 40 magnification. (b) Representative hypha viewed 185 

under 10 × 100 magnification. (c) Conidiophores viewed under 10 × 100 magnification. (d) Phylo-186 

genic analysis of the ITS rDNA gene sequence of the WIU-01 strain. The strain was identified as 187 

Aspergillus sydowii. The scale bar represents 0.2 substitutions per site, and the numbers at the nodes 188 

are bootstrap values (%).  189 

Fungi are a large and diverse group of organisms. Filamentous fungi are preferentially used in 190 

commercial applications because they produce more enzymes than bacteria (Mrudula and 191 

Murugammal, 2011). Filamentous fungi from the genus Aspergillus are widely distributed in the 192 

biosphere and have a strong adaptive capacity (de Vries and Visser, 2001). Qaisar et al. (2014) have 193 

enriched an A. versicolor strain from paper reprocessing areas and sugarcane field, and showed its 194 

ability to degrade crystalline cellulose. Recent studies have shown that some A. sydowii strains hy-195 

drolyze CEL. For example, Ghareib et al. (1992) have studied the effect of alkali pretreatment on 196 

degradation of some cellulosic material (such as pods of bean, rice plant straw, wheat bran) by A. 197 

sydowii. Nair et al. (2008) isolated and purified xylanase from culture filtrate of A. sydowii with the 198 

wheat bran and birch wood as the carbon source. We here successfully isolated another A. sydowii 199 
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strain, which utilizes CMC-Na as a single carbon source. We next proceeded to evaluate its EG and 200 

plant-degrading abilities in detail. 201 

 202 

3.2. EG Activity and RS Generation by Isolate WIU-01 203 

We monitored its EG activity and RS levels in a medium containing 1% (w/v) CMC-Na to better 204 

characterize the crystalline CEL degrading activity of isolate WIU-01. RS content is indicative of the 205 

cellulolytic fungal capacity to utilize and decompose crystalline CEL and amorphous polysaccha-206 

rides, with enzymes, such as EG, attacking the amorphous zone of CEL chains and releasing oligo-207 

saccharides of various lengths (Kaur et al., 2014). The experiment was performed over a 14-d period 208 

(Figure 2). Overall, the EG activity was low during the first 4 d of growth and then slowly increased 209 

over the remaining cultivation time. The EG activity reached a maximum (0.027 U mL–1) at the end of 210 

the incubation period (day 14). The RS concentration trend was similarly to that of EG activity. 211 

Specifically, the RS concentration was low in the first 3 d of cultivation, before slowly rising on day 212 

4, and reaching the highest value (0.41 mg mL–1) at the end of the incubation period.  213 

214 



  

 

 215 

Figure 2. Endoglucanase (EG) activity of isolate WIU-01 and reducing sugar (RS) concentration 216 

during incubation in a medium containing 1% (w/v) CMC-Na. The experiment was performed in 217 

triplicate and the data are presented as the mean ± SD. 218 

Fungi play a vital role in biomass degradation in nature but their EG activities vary widely. For 219 

instance, Mohapatra et al. (2018a) isolated an Aspergillus fumigatus strain from a soil-enriched de-220 

composed lignocellulosic waste, and reported EG activity of 0.287 U mL–1 at 30 °C. Yamada et al. 221 

(2014) studied a wild-type Aspergillus oryzae strain and reported EG activity of 0.0014 U mL–1. In 222 

that study, EG activity of the cellulase-expressing strains was 0.0299 U mL–1. Further, Facchini et al. 223 

(2011) reported EG activity of an Aspergillus japonicus strain isolated from farming regions of São 224 

Paulo State (Brazil) as 0.55 U mL–1, which was higher than that of isolate WIU-01 reported in the 225 

current study. The EG activity of yet another A. versicolor strain, screened from soil samples from 226 

paper reprocessing areas and sugarcane field, was high, at approximately 200 U mL –1 in 1% 227 

CMC-Na culture (Qaisar et al., 2014). These discrepancies may be associated with individual strain 228 

characteristics and different testing conditions. 229 

230 



  

 

3.3. Degradation of Emergent Plant and Submerged Plant Material by Isolate WIU-01 231 

We next tested the ability of the strain isolate WIU-01 to degrade the emergent plant and submerged 232 

plant materials. In the absence of the fungus, protein concentration in a medium supplemented with 233 

H. verticillata powder (approximately 0.24 mg mL–1) was significantly higher than that in a medium 234 

supplemented with C. indica powder (approximately 0.075 mg mL–1) (Figure 3a). Conversely, pro-235 

tein content in both media inoculated with isolate WIU-01 showed a decreasing trend in the first 4 d, 236 

which was significantly lower than that in the medium without the fungus. Upon prolonged cultiva-237 

tion with the fungus, the protein content increased to 0.14 and 0.42 mg mL–1 in the C. indica culture 238 

and in the H. verticillata culture, respectively.  239 

 240 

 241 

Figure 3. Changes in protein concentration, substrate degradation rate, endoglucanase (EG) activity, 242 

and reducing sugar (RS) concentration in media containing C. indica and H. verticillata powders, in 243 

the presence and absence of strain WIU-01. The cultures contained C. indica and H. verticillata plant 244 

material and were conducted at 30 C. (a) Protein concentration in the culture medium. (b) The 245 

degradation rate of plant material. (c) EG activity of strain WIU-01. (d) RS concentration in the 246 

culture medium. Please note y-axis breaks in panels (a) and (d). The experiment was performed in 247 



  

 

triplicate, and the data are presented as the mean ± SD (*p < 0.05, **p < 0.01, independent t-test, 248 

no-fungus control vs. fungus treatment). 249 

Isolate WIU-01 hydrolyzed both plant materials (Figure 3b). The degradation rates of C. indica 250 

and H. verticillata materials in the absence of the fungus were approximately 20% and 14%, respec-251 

tively, throughout the incubation period (30 d). The plant material is poorly soluble in cold water, but 252 

some polysaccharides and oligomers can become partially soluble in hot water during the autoclaving 253 

process (Zhang et al., 2020). This may be one of the reasons for the apparent degradation of the plant 254 

material in the medium without the fungus. Upon the addition of the fungus, the degradation rate of C. 255 

indica did not significantly change in the first 4 d of culture, but exhibited a marked increasing trend 256 

from day 7, reaching a maximum of 29.75% on day 20. The degradation of H. verticillata powder was 257 

relatively slower, but showed a similar trend, i.e., it first declined (days 1–2) and then increased 258 

(18.95%). These findings indicate that isolate WIU-01 degrades and utilizes C. indica more effi-259 

ciently that H. verticillata. 260 

EG activity of isolate WIU-01 in the plant material-supplemented media gradually increased 261 

during the experiment (Figure 3c). Specifically, it increased from 0.049 to 0.31 U mL–1 with pro-262 

longed incubation in the C. indica culture, and it increased from 0.03 to 0.15 U mL–1 in the H. ver-263 

ticillata culture. The EG activity detected in the emergent and submerged plant media was thus sig-264 

nificantly higher than that in the CMC-Na culture medium. This was consistent with the findings of 265 

Sun et al. (2008), who reported a higher enzyme activity of cellulolytic organisms exposed to com-266 

plex substrates, such as wheat bran, than those grown in the presence of microcrystalline CEL sub-267 

strate. Su et al. (2018) reported that EG activity was closely associated with the CEL degradation rate, 268 

which they attributed to the fact that enzymes break down the heterogeneous compounds to small 269 

components. The degradation rate of C. indica and H. verticillata exhibited an obviously increasing 270 

trend after day 4. Similarly, the EG activity rapidly increased phase day 2. 271 



  

 

RS concentrations in the two plants material-supplemented media in the absence of the fungus 272 

[i.e., generated during the sterilization stage of medium preparation (121 °C, 30 min)] were relatively 273 

stable, at approximately 9.54 and 1.37 mg mL–1 in the C. indica and H. verticillata media, respec-274 

tively (Figure 3d). RS levels in the former were significantly higher than those in the latter. In the 275 

presence of the fungus, RS concentrations in the two media rapidly declined early in the cultivation 276 

(0–4 d), and then remained constant and low.  277 

Detailed analysis of protein concentration, degradation rate, EG activity, and RS content revealed 278 

an interesting phenomenon: except for the EG activity, the values measured in the presence of isolate 279 

WIU-01 markedly dropped during the early adaptive stage of cultivation (days 0–4). This was fol-280 

lowed by a rapid degradation phase between days 4 and 20, accompanied by a continuous increase in 281 

protein concentration and EG activity. However, the RS content remained low. This might be ex-282 

plained by the fungus initially adapting to the hydrophyte medium, and then rapidly proliferating and 283 

utilizing RS produced during medium sterilization. Low RS levels in the medium led to isolate 284 

WIU-01 breaking down and subsequently utilizing the fibril components of C. indica and H. vertic-285 

illata. RS remained low during the remainder of cultivation, while the degradation rate and EG ac-286 

tivity continued to increase. This might be because RS produced by isolate WIU-01 decomposing 287 

CEL only sufficed to maintain biomass growth, with no RS accumulation in the medium, or because 288 

microbes degraded and utilized CEL without the production of soluble RS (Gao et al., 2001). 289 

The observed EG activity with C. indica and H. verticillata substrates was different. That could 290 

be explained by the different composition of the two substrates and was consistent with a reported 291 

differential EG activity levels in Aspergillus spp. incubated with different lignocellulosic substrates 292 

(Prajapati et al., 2020). In addition, the observed low EG activity during the late cultivation stage 293 

might be associated with the reduction of nutrient levels in the medium (Karim et al., 2015), as well as 294 

pH changes and accumulation of inhibitory metabolites (Abdullah et al., 2015). Further, enzyme 295 

binding may limit CEL accessibility to cellulase during the subsequent saccharification step (Qin et 296 

al., 2016). By contrast, some enzymes are adsorbed onto the CEL substrate, reducing the detectable 297 



  

 

cellulase activity in the medium filtrate (Zheng et al., 2020). Finally, formation of phenolic groups 298 

during the degradation process can hamper cellulolytic enzyme reaching CEL chains, thus influ-299 

encing the measurable enzymatic activity (Mohapatra et al., 2017). 300 

3.4. Fiber Fraction Analysis of Plant Material and Effect of Fungal Activity 301 

The plant cell wall mainly comprises CEL, HC, and lignin, which may inhibit the decomposition and 302 

utilization of plant biomass (Sánchez, 2009). Since we observed that isolate WIU-01 degraded C. 303 

indica and H. verticillata powder with different efficiency, we then analyzed the fiber fractions of the 304 

two plant materials, in the presence and absence of the fungus. H. verticillata powder contained 305 

significantly more HC, ADL, and ash than C. indica powder (Figure 4). 306 

The analysis revealed that the C. indica and H. verticillata substrates had more CEL, NDF, and 307 

ADF than ADL, HC, and ash (Figure 4). In addition, CEL, NDF, and ADF levels in C. indica medium 308 

were significantly increased after the fungal treatment. By contrast, the fungal treatment significantly 309 

reduced the ash content in the medium. The fungal treatment significantly increased the NDF, ADF, 310 

and ash content in the H. verticillata medium. We observed no significant effect of the fungus on the 311 

ADL and HC content in the two media. 312 

 313 

Figure 4. Fiber fractions in the C. indica (a) and H. verticillata (b) residual powders. Cellulose 314 

(CEL), hemicellulose (HC), neutral detergent fibrils (NDF), acid detergent lignin (ADL), acid de-315 

tergent fibrils (ADF), and ash levels were determined, with and without fungal treatment, after 30 d at 316 



  

 

30 °C. The experiment was performed in triplicate, and the data are presented as the mean + SD (*p < 317 

0.05, **p < 0.01, independent t-test, no-fungus control vs. fungus treatment). 318 

We next performed a correlation analysis to investigate the factors that affected the WIU-01 EG 319 

activity in the media tested. We analyzed the relationship between EG activity, and the degradation 320 

rate and fibril components in the two plants (Figure 5). The analysis revealed a significant positive 321 

relationship between EG activity and degradation rate (r = 0.823**), NDF (r = 0.954**), and ADF (r 322 

= 0.916**), with no significant correlation with the other factors examined. Similarly, degradation 323 

rate was significantly positively correlated with NDF (r = 0.715**), ADF (r = 0.912**), and CEL (r = 324 

0.787**).  325 

Lignin is found in all vascular plants and is a highly complex aromatic polymer, with a 326 

three-dimensional structure formed by benzene-propane units that are linked via ether and car-327 

bon–carbon bonds. On the other hand, HC is a branched polymer that is embedded in CEL elementary 328 

fibrils, with different sugars linked via glycosidic bonds (Jia et al., 2017). Generally, the main 329 

components of fibrils are determined using the Van Soest method (Van Soest et al., 1991), and their 330 

content is then calculated based on the dissolution degree of fibril components in a detergent solution. 331 

NDF represents the material with the protein, fat, and other extracts removed, mainly composed of 332 

CEL, HC, lignin, and ash. ADF mainly contains CEL, lignin, and ash (Wang et al., 2019). Fatica et al. 333 

(2019) reported that CEL (ADF minus ADL) and lignin (ADL) contents have different effects on 334 

anaerobic ecosystems. Our analysis revealed a significant increase in CEL, NDF, and ADF in the C. 335 

indica fibrils and H. verticillata fibrils after enzymatic hydrolysis by the fungus. 336 

 337 
 338 

 339 



  

 

 340 

Figure 5. Correlation analysis of protein (Pro), degradation rate (DR), and fiber fractions (defined as 341 

in Figure 4 legend) in C. indica and H. verticillata residual powders with endoglucanase (EG) activity 342 

of isolate WIU-01. Pearson’s correlation coefficient (r) is shown. The magnitude of correlation is 343 

illustrated by the numbers (left) and circles (right), with the color scale indicated (*p < 0.05, 344 

**p < 0.01, ***p < 0.001). 345 

4. Conclusions 346 

We here successfully isolated and identified a cellulolytic Aspergillus sydowii isolate, strain WIU-01, 347 

from the air. The fungus exhibited a high activity with powdered material from the emergent plant C. 348 

indica (degradation rate of 29.75% and EG activity of 0.31 U mL–1) indicating the possibility of its 349 

application in biomass decomposition and utilization. However, it showed a low activity with pow-350 

dered material from the submerged plant H. verticillata (degradation rate of 21.95% and EG activity 351 

of 0.16 U mL–1). The CMCase activity significantly impacted the degradation rate. Further, correla-352 

tion analysis indicated that CEL, HC, ADL, and ash in the hydrophyte residue significantly affected 353 

fungal biomass growth. Overall, these findings indicate that some air-borne fungi potentially utilize 354 



  

 

CEL, and may play a role in large-scale macrophyte degradation without the need for acid–base 355 

pretreatment. However, there are some limitations to the immediate use of the novel A. sydowii iso-356 

late, e.g., its EG activity is relatively low and the fungus may produce some toxic secondary metab-357 

olites. Further studies could focus on, e.g., extracting the EG gene encoded by strain WIU-01 and 358 

generation of recombinant proteins for specific applications. Nonetheless, the current study underpins 359 

the cellulolytic potential of naturally occurring microorganisms and the need for their continued 360 

characterization. 361 
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