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Abstract

:

Due to pervasive and resilient soil contaminants, heterogeneously contaminated soil poses unpredictable potential threats to ecosystems. In this study, the extension of a previously developed soil algae pipe assay for evaluating heterogeneously contaminated soil under an open system is described. The assay can be used in soil that is heterogeneously contaminated with silver nanoparticles in combination with the examination of morphological changes (e.g., in vivo chlorophyll a, cell granularity, cell size, and mucilaginous sheath) and lipid contents. In addition, we attempted to extend the exposure duration under an open system. We evaluated the applicability of this soil algae pipe assay using green alga Chlamydomonas reinhardtii exposed to heterogeneous and homogeneous polyvinylpyrrolidone capping silver nanoparticles in contaminated soils. The results demonstrated that this method is an applicable bioassay that can be employed to better evaluate soil algal toxicity under an open system, with significant changes in the measured endpoints. The developed assay showed decent predictivity, which can be a useful tool when evaluating heterogeneous soil algae contamination.
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1. Introduction


To evaluate the impact of pollutants in the soil environment, it is important to recognize the significance of an integrated approach with real bioavailability via bioassay, as well as measured pollutants via chemical analysis [1]. Under international standard test guidelines for soil ecotoxicity assessments, limited soil toxicity test species were recommended, namely, plants, earthworms, and springtails [2]. For the better probabilistic ecological risk assessments based on species sensitivity distributions, the development of test species in a new taxonomic group is required, and algae could be a potential candidate for soil tests. Soil algae, spread on and beneath the soil, are primary microflora and a valuable food source for mesofauna and microfauna [3,4]. Currently, various test methods in soil ecotoxicity have been developed using algae via whole soil [3,5,6,7] or soil with intermediate carriers [7,8,9,10,11]. Using these methods, the evaluation, growth, photosynthesis, morphology, or physiology of green algae (e.g., Chlamydomonas, Chlorella, Chlorococcum, Klebsormidium, and Prasiola) have been quantified. In particular, Nam et al. [7] and Kwak et al. [11] developed an algae-soaked disc seeding assay as an indirect bioindicator and a soil algae pipe assay as a direct bioindicator under a non-sterile open system (field and greenhouse experiments, respectively). In a previous study [11], we presented a decrease in in vivo chlorophyll a fluorescence for green alga Chlamydomonas reinhardtii after exposure to heavy metal-contaminated soils by a soil algae pipe assay. The results of that study identified that a soil algae pipe assay was effective for direct soil quality assessments in a pot test. However, Kwak et al. [11] only assessed the chlorophyll content of C. reinhardtii in homogenous soils collected from the field after 7 days. In this study, we extended our experiment to evaluate its applicability in the following two cases: (1) when applied to an extended exposure duration under the open system; (2) when applied to a heterogeneously contaminated soil, along with the examination of cell granularity, cell size, and lipid contents using flow cytometry after a soil algae pipe assay. Silver nanoparticles (AgNPs) were studied as the test chemical due to their extensive use in practical life [12,13] and their adverse effects on plants [14,15,16], arthropods [17,18], oligochaete earthworms [19], soil algae [20], and exoenzymes [21]. C. reinhardtii is widely dispersed in freshwater and soil and has been used as a soil test species in previous studies [7,11,22]. To the best of our knowledge, this is the first study that evaluates the applicability of a soil algae pipe assay considering long-term exposure duration and heterogeneously contaminated soil under open system, as part of an efficient soil algae pipe assay.




2. Materials and Methods


2.1. Test Chemicals


Powdered AgNPs (<80 nm particle size, 3–4% polyvinylpyrrolidone as a capping agent, 99.5% purity) were purchased from Sigma-Aldrich (Saint Louis, MO, USA). An average surface area of 1.8498 ± 0.0191 m2/g was measured using a surface area analyzer (Microtrac, Montgomeryville, PA, USA), and the morphology was measured using a field emission transmission electron microscope (FE-TEM; TECNAI G2 F30 ST, 300 kV; FEI Co., Hillsboro, OR, USA). Figure 1A shows the irregular morphology of tested AgNPs. The distribution and level of AgNPs in 500 mg AgNPs/kg (dry weight) soil were measured by the FE-TEM with an energy-dispersive X-ray spectroscopy detector (EDX; XFlash detector 5010; Bruker, USA) as shown in Figure 1B–D.




2.2. Test Soil


Natural soil was air-dried and sieved using a 2 mm mesh. The main physicochemical characteristics of the test soils were loamy sand (93% sand, 6.8% silt, and 0.2% clay) with a pH of 5.6, an organic matter content of 3.39%, a water-holding capacity of 0.54 mL/g, available phosphate of 24 mg/kg, total nitrogen of 375 mg/kg, calcium of 9.43 Cmol+/kg, potassium of 0.18 Cmol+/kg, and magnesium of 0.4 Cmol+/kg. Natural soil was spiked with powdered AgNPs at nominal concentrations of 200 mg AgNPs/kg soils and thoroughly mixed on a roller (40 r/min) for 72 h. Then, the 200 mg AgNPs/kg soils were diluted in untreated soil to obtain the final concentration of 20 mg AgNPs/kg.




2.3. Experimental Design and Set Up


To evaluate the applicability of the soil algae pipe assay for its dependence on exposure duration and the heterogeneous distribution of AgNP contaminants, three distributed soils were used: Control, heterogeneous AgNP-contaminated soil (hetero), and homogeneous AgNP-contaminated soil (homo). A schematic of the differently distributed soil is provided in Figure 2. To prepare the heterogeneous AgNP-contaminated soil, 1350 g portions of untreated soil were placed in open plastic pots (15 × 15 × 15 cm), and 450 g of 20 mg AgNPs/kg soil was covered over the untreated soil. To prepare the homogeneous AgNP-contaminated soil, 1800 g portions of 20 mg AgNPs/kg soil were placed in the pots. Subsequently, all soils in the pots were hydrated with a 30% (v/w) N-free Hoagland solution [23] and were aged for 7 days in a greenhouse (15–25 °C, humidity 50–60%).



This study referred to the soil algae pipe assay from Kwak et al. (2019). Green alga, Chlamydomonas reinhardtii (UTEX No. 2244), was purchased from the University of Texas, Austin (USA). Incubation was conducted in a Tris-acetate-phosphate medium at 24 ± 2 °C and shaken at 100 rpm under a 16:8 h light:dark photoperiod provided by cool-white fluorescent lamps (54 μmol photons/m2∙s1). Two UV-sterilized plastic pipes (diameter × length, 2 × 3 cm) were planted on both sides of each pot at a 2 cm depth in the surface soil in four replicates. Pre-cultured soil alga (1 mL) in the exponential growth phase (OD660 = 2.0) was inoculated on the surface soil in each pipe. To moisten the soil, tap water was provided at intervals of 2–3 days. After 1 and 4 weeks, the pipes were collected from each pot, and a portion of soil alga grown on the surface soil was sampled. The sampled soil algae were detached from the soil during the 24 h incubation period in Bold’s Basal medium and then analyzed using flow cytometry (FACSCalibur, BD Biosciences, NJ, USA). Microscopic images were observed by light microscopy (BX-51; Olympus, Tokyo, Japan). Flow cytometric analysis was only applied to the soil algae sampled after 1 week exposure. Cell size, cell granularity, and in vivo chlorophyll a were detected via forward scattered light (FSC), side scattered light (SSC), and FL3 (670 nm band pass filter, excitation at 488 nm blue laser, 15 mW, argon ion laser), respectively. The lipid contents were detected via FL2 (564–606 nm band pass filter) after staining with Nile red for the determination of intracellular neutral lipid in algae [24]. Nile red powders were dissolved in acetone to obtain a 250 μg/mL solution, and the stock solution was stored at 4 °C until use. Subsequently, a working solution was prepared by diluting the stock solution 200 times with a mixture of dimethyl sulfoxide and Bold’s Basal medium (1:3). Finally, soil algae were stained with Nile red at the rate of 1:1 for 10 min (dark, room temp.). The geometric means of the FSC, SSC, FL3, and FL2 intensities were normalized based on 10,000 events in the gated soil alga population.




2.4. Statistical Analysis


Chlorophyll a, cell size, cell granularity, and lipid contents were normalized with the control group. The differences between all data were considered statistically significant at p < 0.05 according to Dunnett’s test [25].





3. Results and Discussion


3.1. Observed Effects of Soil Algae over the Exposure Duration


The growth of C. reinhardtii under different distributions of AgNP-contaminated soil after 1 week is shown in Figure 3. As displayed in Figure 3A,F,K, remarkable growth of C. reinhardtii in all the pipes after 1 week was observed with a green color over the surface soil, compared to the soil background color. Figure 3C,H,M present examples of the C. reinhardtii cells in the control and the different distributions of the AgNP-contaminated soil groups (hetero and homo) after 1 week. The formation of mucilaginous sheaths enlarged from C. reinhardtii cells were exhibited in the control and AgNP-contaminated soil groups after 1 week (dotted inset in Figure 3C,H,M), as observed in Nam et al. [20] The formation of mucilaginous sheath in soil algae has been known as a protective mechanism to provide moisture or nutrients under stressors (e.g., desiccation, predators, chemicals, and nutrient deficiencies) [26,27,28,29,30,31,32,33,34,35]. In this case, the mucilaginous sheath in C. reinhardtii was observed in all control and AgNP-contaminated soil groups after 1 week. Therefore, the mucilaginous sheath of C. reinhardtii may be formed to provide moisture against desiccation and not only for protection against the toxicity of the AgNPs. Moreover, both the heterogeneous and homogeneous AgNP-contaminated soil groups exhibited more partially hollow C. reinhardtii cells than the control group (Figure 3H,M). After exposure, the AgNPs may cause morphological changes in C. reinhardtii, thereby inducing the loss of photosynthetic pigments in undeveloped chloroplasts in non-viable or chlorotic cells [36], the expansion of mitochondria, and the weakening of plasma membrane integrity in necrotic cells [37].



As shown in Figure 3D,I,N, noticeable growth of soil algae under different distributions of AgNP-contaminated soil after 4 weeks was observed with a dark green color over the dry surface soil which was greater extent compared to after 1 week. Figure 3E,J,O present examples of soil algae cells in the control and different distributions of AgNP-contaminated soil groups (hetero and homo) after 4 weeks. Unlike after 1 week, non-target organisms were observed in the control, and there were different distributions of AgNP-contaminated soil groups (orange arrows in Figure 3E,J,O). Soil algal suspension extracted from the pipes included non-target organisms, which is probably due to biological soil crusts. Biological soil crusts, which commonly appear in open and arid areas, are formed by combinations of soil particles and various groups of organisms (e.g., cyanobacteria, algae, fungi, bacteria, archaea, lichens, and bryophytes) [38,39]. The appearance of biological soil crusts may be the result of desiccation resistance and the unintentional introduction of non-target organisms provided from the atmosphere, non-sterile tap water, and non-sterile soils, under an open soil algae pipe assay. Previous studies have shown that after 4 weeks of exposure, unintentionally formed biological soil crusts have potential interference effects on target soil algae analysis, because physicochemical characteristics of soil (e.g., aggregate stability, water retention, organic matters) can be altered by biological soil crusts [39,40,41,42], and the target soil algae and non-target organisms can become mixed in the samples. Therefore, the soil algae pipe assay is not applicable for 4 weeks of exposure due to biological soil crusts unintentionally forming in an open system. These results indicated that evaluation period of soil contamination by applying soil algae pipe assay under the open system should be under 4 weeks in the environmental management view.




3.2. Evaluation of Different Distributions of AgNP-Contaminated Soil in Assay


Figure 4 shows the in vivo chlorophyll a, cell granularity, cell size, and lipid contents of C. reinhardtii exposed to different distributions of AgNP-contaminated soil at 1 week. C. reinhardtii cells in both heterogeneous and homogeneous AgNP-contaminated soil groups showed a significant decrease in in vivo chlorophyll a (p < 0.05), as indicated by left shifts in the histograms in Figure 4B. This indicated a decrease in chlorophyll contents in each C. reinhardtii cells due to the AgNPs, and we observed partially hollow C. reinhardtii cells showing the loss of photosynthetic pigments in undeveloped chloroplasts in Section 3.1. A decrease in chlorophyll content in algal cells has been commonly observed with the growth inhibition of algae exposed to nanomaterials [20,43,44,45,46,47,48]. Meanwhile, cell granularity, cell size, and lipid contents were significantly changed in the homogeneous AgNP-contaminated soil group (p < 0.05), as indicated by left or right shifts in the histograms in Figure 4C–E. In a previous study of nanomaterials toxicity, the characterization of the nano-bio interaction between nanomaterials and algae has been analyzed by flow cytometry. Changes in cell granularity and cell size were explained as shifts in the SSC and FSC in flow cytometry [49]. An increase in SSC indicates the internalization of nanomaterials into algal cells [50,51,52] and an increase in FSC indicates the adsorption of nanomaterials to the algal cell wall [53] or the production of a mucilaginous sheath enlarged from the algal cell wall [20]. In this study, the decrease in cell granularity and cell size was significant in the homogeneous AgNP-contaminated soil group (Figure 3D and Figure 4A,C).



This phenomenon may be induced by necrosis and immaturity. Necrosis is cell death resulting from the leakage of cell components or the damage of plasma membrane, as reflected by a decrease in SSC and FSC [37]. In particular, the loss of photosynthetic pigments in undeveloped chloroplasts by AgNPs has a decisive effect on the decrease in cell granularity, organizing microscopic and SSC analysis. In addition, immaturity by AgNPs may influence the decrease in cell size, thereby distributing immature cells (e.g., motile zoosporangia or zoospores, and non-motile aplanosporangia or aplanospores) instead of mature vegetative cells [7], along with the disappearance of big C. reinhardtii cells exposed to silica-coated quantum dots (with a decrease in average cell size and increase in cell count) [54]. A significant increase in the lipid contents was observed in the homogeneous AgNP-contaminated soil group (Figure 4A,E). Lipid accumulation commonly appears in algal cells as a stress-dependent mechanism [55], as storing lipids excludes toxic molecules during the main metabolism [56] and acts as an electron sink to maintain cellular redox homeostasis and prevent oxidative damage [57]. Lipid was accumulated under AgNPs stress, which agreed with the results of other stressors, such as nutrients [34,58,59], and nanomaterials [44,56,60,61,62]. When the C. reinhardtii cells were exposed to homogeneous 20 mg/kg AgNP-contaminated soil, a decrease in in vivo chlorophyll a, cell granularity, and cell size, and an increase in lipids showed significant differences compared to the control. On the other hand, when the C. reinhardtii cells were exposed to heterogeneous 20 mg/kg AgNP-contaminated soil, only the decrease in in vivo chlorophyll a was significantly different compared to the control group (p < 0.05) and a significant difference in in vivo chlorophyll a was observed compared to the homogeneous 20 mg/kg AgNP-contaminated soil, as illustrated in Figure 4A. This difference in toxicity sensitivity may have resulted from the heterogeneous and homogeneous distribution range of AgNP-contaminated soils (Figure 5). In this exposure system, the exposure concentration of homogeneous 20 mg/kg AgNP-contaminated soil is regarded as 20 mg/kg just as it was in the pot. However, the average exposure concentration of heterogeneous 20 mg/kg AgNP-contaminated soil is simply converted into 5 mg/kg as it was composed of 25% AgNP-contaminated soil and 75% uncontaminated soil. Although the soil algae pipe was planted in 20 mg/kg AgNP-contaminated soil, the effect of less than 20 mg/kg AgNP in the contaminated soil in the heterogeneous pot may be induced by the C. reinhardtii cells.



The alleviated toxicity in heterogeneous AgNP-contaminated soil compared to homogeneous AgNP-contaminated soil may be due to pore water absorption of the upper soil layer from the lower layer as shown in tomato and alfalfa plants under salt stress [63,64]. Chen et al. [63] reached similar results with tomato plants exposed to heterogeneous salt distributed soils, where the toxicity of heterogeneous T1:5 (soil salt contents in the upper and lower soil layer were 1‰ and 5‰, respectively) was alleviated as shown by the biomass and photosynthesis of the tomato plants in comparison to homogeneous T3:3 (soil salt contents in the upper and lower soil layer were 3‰ and 3‰). In homogeneous AgNP-contaminated soil, AgNPs adsorbed in the lower soil surface may be re-released into the pore water due to the low retention of polyvinylpyrrolidone capping AgNPs in soil [65]. The pore water from the lower soil layer may be absorbed by C. reinhardtii over time, significantly affecting it in the end. Meanwhile, in the heterogeneous AgNP-contaminated soil, non-AgNPs (e.g., nutrients) adsorbed in the lower soil surface may be re-released into the pore water and may be advantageously taken in by C. reinhardtii. The reactive surface area of AgNPs themselves or silver ions dissolved from AgNPs are known to be the main causes of the adverse effects of AgNPs on soil organisms [17,18,19,20,66,67]. In other words, a soil algae pipe assay may be eventually influenced by the average exposure concentration due to pore water absorbed vertically from the other soil layers, even in heterogeneous soil.



Even though the present study focused on applicability to evaluation of soil algae pipe assay, the limitations of analyses of toxic mechanisms of AgNPs to soil algae can be identified as follows. First, unclear bioaccumulated silver concentration in the algae remained; nevertheless, some previous studies reported the effects AgNPs themselves or silver ions dissolved from AgNPs on soil organisms including plants, isopod, springtail, worm, and soil alga [17,18,19,20,66,67]. Next, toxicity contribution of PVP (polyvinylpyrrolidone) to soil algae were not investigated. It is estimated that 20 mg AgNPs/kg soil contained 0.6–0.8 mg PVP/kg soil. It was reported that the LD50 (medium lethal dose) of PVP for rats and guinea pigs was estimated to >100,000 mg/kg [68]. PVP might be released from the AgNPs and taken up by a plant or other soil organism, which may or may not affect the algae species. Last, interactions between physicochemical properties (including porosity, moisture, water content, infiltration rate, pH, organic content, ORP, oxygen, nutrients etc.) of soil and biological factors under the present test design were not fully monitored. To understand comprehensive toxic mechanism of AgNPs in the present test design, these limitations should be investigated in future studies.





4. Conclusions


In this study, we evaluated the applicability of soil algae pipe assay in silver nanoparticle-contaminated soils. This enabled us to observe the inapplicability of extended exposure duration (4 weeks) due to unintentionally formed biological soil crusts and verify that the toxicity evaluation method is influenced by the average exposure concentration due to pore water absorption, even in a heterogeneous AgNP-contaminated soil. Although the results showed that 4 weeks of exposure is not appropriate for soil algae pipe assay under an open system and the toxicity mechanism between soil algae and the AgNPs in soil was not investigated, the results still showed discernible impacts that are valuable as a basis to evaluate heterogeneous contamination on soil algae and the potential risk to ecosystems; for instance, different distributions of biological crusts between control soil and AgNP-contaminated soil groups were observed. All the effects of AgNPs using a soil algae pipe assay can be considered as an applicable bioassay to better evaluate soil algal toxicity under an open system, with discernible results via the evaluation of AgNP-contaminated soil. Future studies should consider various soil algae species and contamination configurations of AgNPs.
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Figure 1. Field emission transmission electronic micrograph (FE-TEM) images of silver nanoparticles (AgNPs). (A) Morphology of AgNPs, (B) FE-TEM image of AgNPs in the tested soil at 500 mg AgNPs/kg dw, (C,D) energy-dispersive X-ray spectroscopy detector spectra of an electron dense spot for adsorption of AgNPs on the soil surface. The red circle indicates the presence of AgNPs on the soil surface; the blue circle indicates the absence of AgNPs in normal soil. 
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Figure 2. Schematic of different distributions of AgNP-contaminated soil. (A) The upper image of test pot, (B) The side images of control, heterogeneous AgNP-contaminated soil, and homogeneous AgNP-contaminated soil. 
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Figure 3. Macroscopy and microscopy images of soil algae extracted from the pipe planted in the control, heterogeneous AgNP-contaminated soil (hetero), and homogeneous AgNP-contaminated soil (homo) at 1 and 4 weeks. (A,D,F,I,K,N): Inside of the pipe, (B,G,L): the upper of the pot, and (C,E,H,J,M,O): organisms extracted from the pipe. Black dotted boxes indicate the presence of mucilaginous sheath enlarged from the algal cells. Orange arrows indicate the presence of non-target organisms extracted from the pipe. Bar for (C,H,M) = 10 μm, while that for (E,J,O) = 20 μm. 
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Figure 4. Flow cytometric analysis of soil algae extracted from the pipe planted in the control, heterogeneous AgNP-contaminated soil (hetero), and homogeneous AgNP-contaminated soil (homo) at 1 week. (A) Flow cytometric statistics of soil alga (n = 3–4), (B–E) flow cytometric histogram of soil alga ((B) chlorophyll, (C) cell granularity, (D) cell size, and (E) lipid contents). Asterisks (*) indicate results that are significantly different from the control (p < 0.05). Crosshatches (#) indicate results that are significantly different from the topsoil (p < 0.05). Blue or red arrows indicate significant difference of each parameter from the control. 
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Figure 5. A schematic diagram representing transport of nutrients or stressors via water absorption and formation of mucilaginous sheath enlarged from algal cells under desiccation in the control, heterogeneous AgNP-contaminated soil (hetero), and homogeneous AgNP-contaminated soil (homo) after 1 week, and appearance of non-target organisms (biological soil crusts) provided from the atmosphere, non-sterile tap water, and non-sterile soils after 4 weeks. 






Figure 5. A schematic diagram representing transport of nutrients or stressors via water absorption and formation of mucilaginous sheath enlarged from algal cells under desiccation in the control, heterogeneous AgNP-contaminated soil (hetero), and homogeneous AgNP-contaminated soil (homo) after 1 week, and appearance of non-target organisms (biological soil crusts) provided from the atmosphere, non-sterile tap water, and non-sterile soils after 4 weeks.



[image: Applsci 12 01890 g005]













	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
(A)

W
W

Clean soil " 20 mg AgNPs/kg soil a\ Soil alga

(B)
2 cm l @ l l
.y (0:45kg)
13cm
(1.8kg) 11cm
(1.35kg)

Control Heterogeneous Homogeneous





nav.xhtml


  applsci-12-01890


  
    		
      applsci-12-01890
    


  




  





media/file2.png
( ) W 10.16.04 Acquire EDX Acquire HAADF Point 2 | (El) | Aodoupio]
Si e
200
1 .
150 a
§
N 0 ¢ 0
5 g
3 2
S - —
100
30 | B _
My
c "y
Ha Cu iy 1]
e —a ey, f 4, iy
1 L T I | ]
3 10 15 il ] 0 1§ 3 5
Energy (keV) eyl






media/file5.jpg
At 4 weeks

%

KT





media/file3.jpg
Cleansoil ™ 20mg AgNPskgsoil @ soilaiga

Control ‘Heterogeneous





media/file1.jpg





media/file7.jpg
Chia  Cell granularty _ Cel’size _ Lipid contents.






media/file10.png
Chl-a |
Cell granularity |

Cell size |
Chl-a | Lipid contents |
1 week 4 weeks* 1 week 4 weeks™ 1 week 4 weeks*

| BSC | BSC

@ BC

Transport of
nutlients via orA
water 3bsorption

Transport of
nufrients via
water'gbsorption

Control Heterogeneous Homogeneous
BSC MS BSC - . MS BSC™,, ¢
: . CAR - 4 = B\
-2 % : ’. | ‘45
® . 3 ; 3 . g ‘:E...: .
i - b E‘:‘“t
Desiccation - J Desiccation i~ b Desiccation WS e

* Appearance of non-target organisms
provided from the atmosphere, non-sterile tap water, and non-sterile soils

Clean soil ™ 20 mg AgNPs/kg soil ﬂ\ Soil alga
BSC (biological soil crusts) MS (mucilaginous sheath enlarged from algal cells)





media/file9.jpg
Chl-a |
Cell granularity |

Cellsize |

chial Lipidcontents |

Iweek 4 weeks* 1week 4 weeks*
{BSC I BSC,

* Appearance of non-target organisms
provided from the atmosphere, non-sterile tap water, and non-sterile soils

# Soil alga
BSC (biological soil crusts) MS (mucilaginous sheath enlarged from algal cells)

Clean soil ™ 20 mg AgNPs/ke s






media/file0.png





media/file8.png
(A)

Flow cytometric geomean

®)

Count

(D)

Count

250
I control I Hetero [ Homo N
200 - T
©
-
el
=
3
150 -
<
S
k]
o #
<
* *
£ 1004
2 *
[ *
[T
o
50 4
0
Chl-a Cell granularity Cell size Lipid contents
4 <
D = 600 —
| | .
- .‘_
400 = § 400 =
J ) 4
200 = 200 =
o] — 0_
et v — - ,
10 10 10 10 10 10° 10° 10 10"
FL3-H: Chl-a SSC-H : Cell granularity
(E) 1 Negative control
400 =
] { Control
500 = | Hetero
300 71 Homo b
i - ] \
400 = = | | .
- = 200 - l
200 - . \
| 100 =
- . |
0 I T S————
PN AT “— ) " .
10" 10" 10° 100 10 10 10 10 10 10

FSC-H : Cell size

FLZ-H :: Nile red intensity





media/file6.png
((Y)

o .
®
€

At 4 weeks

o)

At 1 week

s \i.,w. i






