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ABSTRACT

Algae-derived dissolved organic matter (AOM) idraportant nutrient source for

heterotrophic bacteria, while AOM such as humicstartices pose significant challenges

during water treatment processing. We hypothegtzaithe parasitic infection of algae

could change the composition and concentration@¥AThis study investigated the

quality and quantity of DOM and bacterial abundanagiatom Synedra) cultures, with

and without parasitic fungi (chytrids). The qualifyDOM was analyzed using

three-dimensional excitation-emission matrices dgostbwith parallel factor analysis

(EEM-PARAFAC) and was compared to changes in @gdlbacterial cell numbers.

Bacterial abundance was higher and dissolved arganibon concentrations were lower

in the diatom cultures infected with parasitic fuAgnong the DOM compounds, the

concentrations of tryptophan-like material derifredn algae were significantly lower

and the concentrations of humic substance-likenmahteere higher in the infected

treatment. The parasitic fungi may have consunygdaphan-like material and

stimulated the release of humic substances. Tleség provide the first evidence that

fungal infection may modulate algal-bacterial iat#ions, which are associated with

changes in the nature of AOM.
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1. Introduction

Algae-derived dissolved organic matter (AOM3es extracellularly via metabolic
excretion and intracellularly via the autolysiscefls in aquatic and artificial ecosystems
(Henderson et al. 2008). The nature of AOM is \eamplex, but its major fractions
include carbohydrates and proteins (Fogg 1983; &btk 1995; Henderson et al. 2008),
which generally provide good substrates for bagtamnd often exhibit short turnover
times (Wetzel 2001). The release of humic substabggrowing algae has also been
confirmed in nonaxenic (Aoki et al. 2008) and axeniltures (Romera-Castillo et al.
2010; Fukuzaki et al. 2014). Increasing levelswhlt substances pose serious challenges
for processing and the commercial supply of drigkirater, because the humic
substances can be transformed into potentiallyreagenic and mutagenic disinfection
byproducts, such as trihalomethanes and haloamtis (Richardson et al. 2007,
DeMarini 2011; Herzsprung et al. 2012).

Phytoplankton can often be infected by many diffeparasites, including viruses
and fungi (Suttle 2005; Kagami et al. 2007, 20¥kal infection is known to stimulate
dissolved organic carbon (DOC) release from phgakibn due to cell lysis (Suttle 2005).
Whereas cytoplasmic components such as nucleis, asidymes, and small proteins will

probably be cycled through bacterial uses, soraetstial materials such as lipid bilayers,
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large proteins, and cell walls may be refractorgithogical assimilation and cycling. In

addition, lipids released by phytoplankton proypdecursor materials, which when

catalyzed by light, can undergo condensation i@ato form fulvic acid DOM (Harvey

et al. 1983; Kieber et al. 1997). Parasitic fungiyralso affect AOM, but via different

mechanisms than viruses due to their differenttida processes. However, the influence

of parasitic fungi in AOM has still not been elusield.

Parasitic fungal infections in phytoplankton haeemdiscovered in not only lakes

but also marine ecosystems (reviewed in Frenkah 2017). Chytridiomycetes

(chytrids) are the main parasitic fungi of phytopd@n. Chytrids penetrate the diatom

protoplast using a rhizoidal system (Van Donk anghisig 1992) and inserting a feeding

tube between silicified wall segments after enzyerdigestion of the organic components

of the walls (Smetacek 1999). Chytrids would affgdiM in the following ways: 1)

chytrid infection could stimulate the release ofMM®y causing cell death; 2) chytrid

infection could cause the elution of algal cellteotrderived DOM by inserting a rhizoid,;

or 3) chytrids could reduce the release of AOM dmystiming algal cell contents. Chytrid

infection may also affect bacteria directly or nedtly by changing the composition and

concentration of AOM.

In the present study, we investigated the quaatityquality of AOM and bacterial
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abundance in diatom cultures with and without pacaghytrids. The quality of DOM

was analyzed using three-dimensional excitatiorssion matrices (EEMs) combined
with parallel factor analysis (PARAFAC). EEM-PARAEAhas can be used to detect
humic-like and protein-like substances with highssievity (Yamashita et al. 2010; Senga
et al. 2017). We also determined the concentrabbnarbohydrates without fluorescence

properties using a colorimetric method.

2. Materialsand methods

I solation and maintenance of cultures

Host diatomSynedra sp. (Strain S1) and its parasitic chytrid Rhizaphles were used for
the experiments. Both the host and chytrids welatisd from Lake Inba on December
2014 (Kagami et al. in prep.). These clones weliataiaed in non-axenic batch cultures
with CHU-10 medium (Stein 1973) at 18°C with a mipatriod of 12:12 h (light:dark)

with a photon irradiance of 20 pmol photon 1t (Kagami et al. 2004).

Incubation experiment
Before the incubation experimen8ynedra sp. and parasitic chytrids were grown in

batch cultures with vitamin-free Chu-10 mediumsEid L of vitamin-free Chu-10
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medium with 3000 cells mt.of Snedra sp. was prepared and divided into two 4-L
polycarbonate bottles. In one bottle, chytrids frtrweek-old infected culture in which
50% of cells were infected were inoculated at asitienf 100 spores mit(i.e.,
diatom-chytrid treatment). In the other bottldrdite of infected cultures (0.2 um pore
size) was added in the same quantity as the diakynid treatment (i.e., diatom
treatment). This procedure was followed to avoagbssibility that the chytrid addition
itself increased the DOC concentration or changedOM compositions. Then, three
670-mL aliquots of each treatment were pouredtimiee sterilized polycarbonate bottles.
On day 0, the abundancesyhedra sp., chytrids, and bacteria, and concentrations of
DOC, fDOM-1, -2, -3, -4, and -5, and carbohydratethe diatom and diatom-chytrid
treatments were confirmed to not differ signifidant

All bottles were incubated at 16°C under a 12:{yht:dark) cycle at 23@mol
quanta rit s*. On days 5, 7, 11, and 14 during the incubatisioge100 mL of culture
was collected from each bottle to measure the amggdof organisms and DOM

concentrations and compositions.

Synedra sp., chytrid, and bacteria counting

For the counting, 4.8 mL of each sample was fixéd glutaraldehyde (1% final
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concentration) and stored in a refrigerator forrtheroscopic analysis. The abundances of

infected and uninfecte8/nedra sp. were counted under an inverted microscope at a

magnification of 400x. The bacterial abundance eeamted under a fluorescence

microscope with blue fluorescence (wavelength: 460-hm) at 1000x magnification

after staining with SYBR green (Noble and Fuhrm@ag).

Chemical analysis

DOC concentrations were determined using a toggroc carbon analyzer

(TOC-2300; Hiranuma Sangyo, Ibaraki, Japan). Théxgocarbohydrate carbon

concentration was measured according to the amthmathod, using glucose as the

standard (Dreywood et al. 1946; Morris 1948). 0&®%bhrone solution was prepared with

90 % sulfuric acid. 1 ml of water sample was mixgith O ml of 0.2% anthrone solution

in a test tube. The mixture was boiled in a wa#th tior 15 min. after which it was placed

in an ice bath for 10 min. The carbohydrate comeéioh of the solution was determined

by spectrophotometrically at 620 nm.

EEM spectra were obtained using an Aqualog fluotem{@loriba Scientific, Kyoto,

Japan) with a 10 mm x 10 mm quartz cuvette. Ead¥l s recorded using an

excitation wavelength (Ex) range of 250—600 nm &iitep width of 3 nm and an
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emission wavelength (Em) range of 250-620 nm watep width of 3 nm. The
integration time was 1 s. Each EEM data point veaected for the inner-filter effect,
Rayleigh masking, and Raman scattering using Agu&idb software. Further details of
the procedures used can be found in Senga e0Dalr).2

To identify the peaks of components from EEM datagePARAFAC analysis was
performed using Solo + MIA v7.0.2 software (Eigertoe Research, Manson, WA, USA
at an excitation of 252-573 nm and emission of 83@-+m. The dataset collected from
the samples in the incubation experiments alsadied the preliminary experiments (n =
190). Components with core consistencies > 60 aerepted as the best models for the
datasets. The core consistency is a suggested drfethaetermining the correct number
of components in multiway models (Bro and Kiers20Wsing examples from a range
of different types of data, it was shown that theecconsistency is an effective tool for
determining the appropriate number of componemBARAFAC models. Five
components, termed fDOM-1, -2, -3, -4, and -5, videatified in this study (Table 1).

The relative fluorescence intensity was calibratsidg quinine sulfate units (QSU),
where 10 QSU corresponded to a fluorescence ityesfsk 10ug L™ quinine sulfate

solution in 0.05 M sulfuric acid at EX’Em = 350/4%® (Coble et al. 1993).
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Satidtical analysis

Significant differences in parameters, such asthmdance of organisms,
concentrations of DOM, and ratios of the conceiginattoSynedra sp., between the
diatom-chytrid and diatom treatments over time thiedt interaction (time x treatment)
were statistically examined using two-way repeatedsures analysis of variance
(ANOVA) (R statistical software; R Development Cdeam 2012). We used a general
linear model (LM) to clarify the factors influengnhe concentrations of all DOM (DOC,
fDOM-1, -2, -3, -4, and -5, and carbohydrates). f@sponse variables included the
concentrations of materials with significant diéfeces between the treatments. The
explanatory variables included the abundancesgainisms $ynedra sp., chytrids, and
bacteria). We conducted the model selection baséldeoAkaike information criterion
corrected for small sampling sizes (AlCc). Modehparisons were based on the delta
individual model and the lowest observed AICc vaMedels with AICc values differing
by < 2 were considered to be equivalent. For th€@2&d DOM component
concentrations, interactions between bacteria hyitids were examined with two-way
ANOVA. When interaction was detected at significatevel ¢ < 0.05), there was an

interaction between bacteria and chytrids for D@QE ROM components.

10
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3. Reaultsand discussion

The abundance &ynedra sp. in the diatom and diatom-chytrid treatmentnged

significantly over the experimental period, and sigsificantly higher in the diatom

treatment than the diatom-chytrid treatment (F&g. The abundance of chytrid sporangia

increased until day 7, and the percentage of ifigghytoplankton cells reached a

maximum of ~40% at day 7 (Fig. 1b). The abundamtacteria was significantly higher

in the diatom-chytrid treatment than in the diatosatment, and increased over time in

both treatments (Fig. 1c).

DOC concentrations increased over time in bothrtreats, and became

significantly higher in the diatom treatment tharhe diatom-chytrid treatment after day

7 (Fig. 2). The LM model showed that the DOC cotregion was correlated positively

with diatoms and negatively with chytrids (TableT™)ese results indicate that diatoms

released extracellular organic matter during groatial that algae infected with chytrids

caused a quantitative reduction in DOC.

In addition to diatoms and chytrids, DOC concemramust have been affected by

bacterial (Table 2). DOC concentration was alsdtigely correlated with the abundance

of bacteria, but only in the diatom treatment (B@). Positive relationship between DOC

concentration and the abundance of bacteria ceuttlb to two different processes, i.e.

11
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DOC (especially AOM) increased bacteria growthamtéria increased DOC (especially
humic substances). Since the bacterial abundansgiglaer and DOC concentration was
lower in the diatom-chytrid treatment than in thetam treatment (Fig. 1a, c), it is likely
that AOM released by fungal infection would incee#ise growth of bacteria, and
ultimately the AOM concentration will decrease lagterial uptake. Another study found
that viral lysis ofAureococcus anophagefferens increased DOC release and bacterial
density (Gobler et al. 1997). In addition to theMysis of phytoplankton, fungal

infection in phytoplankton stimulates the shifoofianic carbon from phytoplankton to
heterotrophic bacteria (Gobler et al. 1997; Wilhaimal Suttle 1999).

Five components, referred to as fDOM-1, fDOMEXDM-3, fDOM-4, and fDOM-5,
were identified using EEM-PARAFAC (Table 1). Themponents, fDOM-1, -3, and -4,
had a single emission maximum and two excitatiokima, while two components,
fDOM-2 and -5, had a single emission maximum asithgle excitation maximum (Fig. 3).
According to previous studies of the spectral attarastics of fluorescent DOM
components in various aquatic environments (CodyMoKnight 2005; Stedmon and
Markager 2005; Santin et al. 2009; Yamashita &0dl0; Stubbins et al. 2014), we
identified these components by their peak posit{dable 1). The fDOM-1, 3, and 4 were

found to be humic-like components and fDOM-2 angrdiein-like components.

12
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The EXEm of fDOM-1 was similar to componenmtiéntified by Stedmon and

Markager (2005), which was determined to be geeethibugh the subsequent microbial

processing of AOM in aquatic systems. MoreoverBké&m of fDOM-1 was similar to

that of component P3 identified by Stubbins ef28114), which had an average molecular

weight of 445 Da and a molecular formula with lagsmaticity and more nitrogen. The

Ex/Em of fDOM-3 was similar to that of Q3 identdidy Cory and McKnight (2005) and

C4 by Yamashita et al. (2010). Q3 was a microbiatyrsor material, and was correlated

with aliphatic carbon content (Cory and McKnigh©3) Additionally, the microbial

humic-like C4 was predicted to be mainly derivemhirheterotrophic activity (Yamashita

et al. 2010). The fDOM-4 peaks were similar to ho8SQ1 identified by Cory and

McKnight (2005), C2 by Santin et al. (2009), andag5ramashita et al. (2010). SQ1, C2,

and C5 were described as terrestrial humic-likeuonic acid-like substances. SQ1 (Cory

and McKnight 2005) was plant-derived, reduced imgpes, and enriched in aromatic

carbon. Considering these characteristics, fDOM:1and -4 were determined to be

humic-like components generated by bacteria us@lylAand fDOM-1 would be less

recalcitrant to degradation than fDOM-3 and -4. D@dhpounds with less aromaticity

and the C/N ratio has been reported to be biolthgicrre labile (Sulzberger and

Durisch-Kaiser 2009).

13
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The fluorescence intensities (Fls) of fDOM-3,,and -4 increased over time (Fig. 4a,
¢, and d). The FI of fDOM-1 was significantly highe the diatom-chytrid treatment,
while there were no significant differences betwieatments for fDOM-3 and -4. It
should be noted that the slopes of the regressiomuia between the FI of fDOM-1 and
the bacterial abundance in each treatment weresabthmsame (Fig. 6b). Additionally, no
interaction between bacteria and chytrids was thtefo = 0.388). These results
suggested that the generation of fDOM-1 was detethby bacteria and was not affected
by the presence of chytrids. On the other handsltpes of the regression formulae
between the Fls of fDOM-3 and -4 and bacterial dange in each treatment differed
substantially (Figs. 6d and e), and interactio®éen bacteria and chytrids were
detected (fDOM-3p = 1.77 x 1¢, fDOM-4, p = 4.45 x 10). This indicates that the
generation of fDOM-3 and -4 by bacteria was afféttg chytrids. Considering the lower
slopes of fDOM-3 and -4 in the diatom-chytrid treanht than in the diatom treatment
(Figs. 6d and e), bacteria might have generated#¥M-3, and -4 in the presence of
chytrids. Chytrids may have consumed algal celteruts that acted as precursors of
fDOM-3 and -4 by inserting their rhizoids into thest cells before bacteria used.

The FlIs of fDOM-2, which is a tryptophan-likeatarial (Cory and McKnight 2005;

Yamashita et al. 2010), increased over time ané gignificantly higher in the diatom

14
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treatment (Fig. 4b). The LM model showed that theffDOM-2 was significantly
positively correlated with diatom abundance (T&)ldt is well known that amino acids
can be released by algal activity (Henderson @04a8; Li et al. 2016). The FI of
fDOM-2 was also significantly positively correlatedth bacterial abundance in the
diatom treatment (Fig. 6¢), indicating that fDOMsZa good substrate for bacteria.
Additionally, fDOM-2 was negatively correlated withytrid abundance (Table 2). An
interaction between bacteria and chytrids on fDOMa® detectedp(= 3.66 x 1),
indicating that chytrids could possibly consume M@ components before they could
be used by bacteria. Chytrids could potentiallgatly take up the tryptophan-like
component via a feeding tube from the bodies dbdia.

The fDOM-5 and carbohydrate concentrations neessalmost constant over the
experimental period and did not differ significgritetween the treatments (Figs. 4e and
5). The fDOM-5 components were considered to bestye-like materials (Cory and
McKnight 2005; Yamashita et al. 2010). Both coutdrbleased during algal activity (Li et
al. 2016; Yamashita and Tanoue 2003), and were giaostrates for bacteria (Wetzel
2001; Pérez and Sommaruga 2006). Moreover, baelsgaelease the extracellular
polymeric substances (EPS) such as carbohydradgzaieins (Elliott et al. 2006;

Salama et al. 2015). Because none of the factaes significantly correlated with the Fl

15
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of fDOM-5 in the LM model (Table 2), it could begzible that fDOM-5 were not

produced or consumed during incubation. While, @laytrate was significantly

correlated with diatom (Table 2), and positivelyretated with bacteria in

diatom-treatment (Fig 6g). It could be possiblé taabohydrates were consumed by

bacteria as soon as they were released from ttwardia

Chytrids are ubiquitous in the aquatic ecosgq€arney and Lane 2014) and play

an important role in food web and material cycliag their zoospores are a good food

source for zooplankton (Kagami et al. 2006, 208ithough the parasites associated with

algae have received much interest for their pakationomic impact in commercial algal

production for biofuels, food, and pharmaceutidlere is little information regarding

their role in artificial ecosystems, including dkilmg water treatment processes. From the

perspective of AOM, parasitic fungi in industriagidacommercial water treatment

processes require further research.

In this study, changes in the DOM quantity gadlity in diatom-bacteria cultures

with and without chytrids were indicated. We hypsized that chytrids would affect

AOM in the three processes. From our results,dlease of AOM seemed to be

stimulated by chytrids by 1) causing cell deatdiafoms and 2) causing the elution of

algal cell content-derived DOM by inserting a rliz&OM released would have

16
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increased the growth of bacteria, and ultimatedydbncentrations of AOM and their

components would be altered by bacterial uptakeetabolism. In addition, chytrids

could directly take up algal cell contents, sucprasursors of fDOM-3 and -4, and the

tryptophan-like components (process 3). Recentraxraents in the EEM-PARAFAC

technique have enabled more rapid and simple asally®OM composition with a small

sample volume (e.g., Fellman et al. 2010). Mangrscence characterizations of AOM

could be collected during the short incubationqeerdemonstrating that fungal infection

stimulated decreases in DOC and tryptophan-liketamloes and an increase in the

proportion of humic substances by bacterial pracgs$hese results provide the first

evidence that parasitic fungi influence the contpmsiand concentration of AOM.

4. Conclusion

Parasitic fungal infection decreased AOM cotregion. This reason was that

abundant bacteria may have actively consumed ©&@M in the infected treatment.

The EEM-PARAFAC technique gives some of the finsights into the role of parasitic

fungi in aquatic DOM dynamics that fungal infectimay modulate algal-bacterial

interactions, which are associated with changéseimature of AOM. Fungal infection

stimulated the release of humic-like componentsghvbacteria processed algal

17
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decaying-derived DOM. We also detected the intenastetween fungi and bacteria, that

fungi chytrids may have consumed certain algalcmitents that acted as precursors of

humic-like components faster than bacteria. Whlgtrid decreased the tryptophan-like

component via direct feeding algal substances.

Because fungal infection can cause massive dfsilominant phytoplankton species,

fungal infections can have a considerable effeét @M and consequently affect carbon

cycling. Therefore, both bacteria and fungi shdadaonsidered to better understand the

dynamics of DOM and carbon cycling in aquatic artifi@al ecosystems.
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Figure captions

Fig. 1 The abundances of (a) diatoms, (b) chyamd$sthe percentage of infected cells,

and (c) bacteria in the diatom and diatom-chytedtinents.

Fig. 2 DOC concentrations in the diatom and diatytrid treatments.

Fig. 3 Fluorescent DOM components identified ugatpllel factor analysis. Fluorescence

intensity is indicated by the contour color. Thentified fluorescent components

were (a) fDOM-1, (b) fDOM-2, (c) fDOM-3, (d) fDOM;4nd (e) fDOM-5.

Fig. 4 Fluorescence intensities of (a) fDOM-1,f{PM-2, (c) fDOM-3, (d) fDOM-4,

and (e) fDOM-5 in the diatom and diatom-chytrichtraents.

Fig. 5 Carbohydrate concentrations in the diatochdaatom-chytrid treatments.

Fig. 6 Relationships between bacterial abundandeamcentrations of (a) DOC, (b)

fDOM-1, (c) fDOM-2, (d) fDOM-3, (e) fDOM-34 (f) fDM-5, and (g)

carbohydrates. The x-axis presents the bactewgdsimce and the y-axis presents

the concentration. The solid and dashed linesatelihe regression lines in the

diatom and diatom-chytrid treatments, respectively.
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Table 1. Excitation (Ex) and emission (Em) wavetbagnd characteristics of the five fluorescent ponents in this study and from
previous studies, as well as the characteristicaudfohydrates in this study.

Components Ex (nm)

Em (nm)

Characteristics

fDOM-1 < 252 and 348

fDOM -2 276

fDOM -3 <252 and 312

fDOM -4 261 and 384

fDOM -5 270

Carbohydrates

436

341

387

515

299

Microbial processing of algae-derived DOM (Stednaod Markager 2005).

Lower aromaticity and higher nitrogen content tkemigenous humic-like components (Stubbins et al.
2014).

Aquatic humic-like component from bacterial progegof AOM. Chytrids do not affect the generatidn o
fDOM-1 (this study).

Tryptophan-like component (Cory and McKnight 208Bmashita et al. 2010).
Consumed by bacteria after release from diatomgtrids may consume this component directly (this
study).

Microbial precursor material with aliphatic carboontent (Cory and McKnight 2005).
Heterotrophic microbial activity-derived DOM (Yantds et al. 2010).

Aquatic humic-like component from bacterial pro¢egof AOM. Chytrids may consume algal cell
contents, which are precursors of fDOM-3 (this gjud

Terrestrial humic-like or humic acid-like componé@bry and McKnight 2005; Santin et al. 2009;
Yamashita et al. 2010).

Plant-derived reduced quinones, enriched in ar@ncatibon (Cory and McKnight 2005).

Aquatic humic-like component from bacterial progegof AOM. Chytrids may consume algal cell
contents, which are precursorsfDOM-4 (this study)

Tyrosine-like component (Cory and McKnight 2005;n¥ashita et al. 2010).
Used rapidly by bacteria after release from aldgfais ctudy).

Used rapidly by bacteria after release from alglais tudy).




Table 2. The best general linear models explaithiegrvariation in DOC and DOM components.

Model Diatom Bacteria Chytrid

Rank Estimate p Estimate p Estimate p Adj. R*? p AlCc AAIC

DOC 1 2.49x10  1.85x10° 1.93x10" 9.13x10° -9.30x10° 1.26x1C07 0.55 2.75x10° -47.54
2 3.64x10  6.03x10° -5.99x10°  5.78x107 0.51 2.40x10° -46.19 1.35

fDOM-1 1 5.03x10  <2x10'° 0.94 <2.2x10'®  -119.07
2 1.27x1¢ 0.644 4.96x180  6.30x10%° 0.93 <2.2x10'®  -117.32 -1.75
3 5.05x10  <2x10'®  -1.30x10° 0.893 0.93 <2.2x10'®  -117.10 -1.97

-2 1 7.02x10  2.87x10° 5.71x10 0.102  -3.75x10" 1.59x10° 0.57 1.20x10° 19.61
2 1.04x10"  1.32x10° -2.77x10"  5.73x10° 0.54 9.10x10° 20.76 1.15

-3 1 1.84x10 5.51x10° 3.00x10" 3.86x10° 0.88 1.04x10"°  -106.14
2 1.86x10 5.42x10° 2.99x10° 2.07x10°  1.02x1C° 0.940 0.88 1.24x10"  -104.15 -1.99

-4 1 9.51x10 7.14x10° 2.44x10° 3.62x10° -1.92x10°  0.104 0.83 9.71x10"  -114.24
2 1.23x1¢  2.91x10° 2.11x10° 3.13x10’ 0.82 3.96x10"  -113.14 1.10
-5 1 -1.11x16 0.134 0.05 0.134 -49.24 0.00
2% -48.78 0.46
3 -8.51x10  0.293 0.01 0.293 -47.99 1.25
-1.20x1¢  0.123 -1.40x1®  0.639 0.02 0.296 -47.49 1.75
-9.71x1¢  0.275  -2.87x18  0.762 0.01 0.316 -47.34 1.90

Carbohydrates 1 1.17x20 3.93x10? 0.11 3.93x10° -66.56
2 1.10x10¢ 0.103 1.35x18 0.849 0.08 0.122 -64.60 1.96
3 1.17x10  4.84x10° -1.49x10  0.995 0.08 0.124 -64.56 2.00

Values in bold indicate a significant correlatign<(0.05).

* Null model



2 Adjusted (Adj.)R? is a modified version of th? that has been adjusted for the number of terrttseimodel.
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Highlights

Parasitic fungal infection in phytoplankton affected AOM.

AOM concentration was lower by fungal infections.

With EEM-PARAFAC, fungal infections increased humic-like components.
Fungal infection decreased the tryptophan-like component.

This study gives thefirst insightsinto the role of fungi in AOM dynamics.





