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Abstract: Cosmopolitan Gram-negative cyanobacteria may affect human and animal health by
contaminating terrestrial, marine and freshwater environments with toxins, such as lipopolysaccharide
(LPS). The cyanobacterial genus Scytonema (S) produces several toxins, but to our knowledge the
bioactivity of genus Scytonema LPS has not been investigated. We recently reported that
cyanobacterium Oscillatoria sp. LPS elicited classical and alternative activation of rat microglia in vitro
[1]. Thus, we hypothesized that treatment of brain microglia in vitro with either cyanobacteria S.
javanicum or S. ocellatum LPS might stimulate classical and alternative activation with concomitant
release of superoxide anion (Oz’), matrix metalloproteinase-9 (MMP-9) and cytokines and chemokines.
Microglia were isolated from neonatal rats and treated in vitro with either S. javanicum LPS, S. ocellatum
LPS, or E. coli LPS (positive control) in a concentration-dependent manner for 18 hours at 35.9°C. We
observed that treatment of microglia with either E. coli LPS, S. javanicum or S. ocellatum LPS generated
statistically significant and concentration-dependent Oz, MMP-9 and pro-inflammatory cytokines IL-6
and TNF-a, pro-inflammatory chemokines MIP-2/CXCL-2, CINC-1/CXCL-1 and MIP-1a/CCL3, and
the anti-inflammatory cytokine IL-10. Thus, our results provide experimental support for our working
hypothesis because both S. javanicum and S. ocellatum LPS elicited classical and alternative activation of
microglia and concomitant release of O, MMP-9 and cytokines and chemokines in a concentration-
dependent manner. To our knowledge this is the first report on the toxicity of cyanobacteria S. javanicum
and S. ocellatum LPS to microglia, an immune cell type involved in neuroinflammation and
neurotoxicity in the central nervous system.

Keywords: microglia, cyanobacterium, Scytonema, lipopolysaccharide, cytokine, chemokine,
superoxide, MMP-9, rat

1. Introduction

Cyanobacteria are photoautotrophic Gram-negative bacteria that are found in a wide range of
terrestrial, marine, and freshwater environments [2]. Overgrowth of cyanobacteria can result in
blooms which may include cyclic hepatotoxic peptides, neurotoxic alkaloids, and LPS [3], which may
affect human health [1,4] through various routes, including drinking, skin and respiratory exposure,

or via the circulatory system [5,6].
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43 The cyanobacterial genus Scytonema has been reported to produce several types of toxins:
44 tolytoxin, a member of the polyketide-derived macrolides scytophycins that displayed cytotoxic and
45  antifungal activity [7-9]; scytovirin, a novel anti-HIV protein [10]; an antimicrobial sesterpene,
46  scytoscalarol [11], the cyclic peptides scytonemides A and B with 20S proteasome inhibitory activity
47 [12], and more recently, the alkaloid saxitoxins, fast-acting neurotoxins that block sodium channels
48  [13,14]. To our knowledge, the bioactivity of cyanobacteria S. javanicum and S. ocellatum LPS has not
49  been investigated.

50 One body system that may be affected by cyanobacterial LPS is the central nervous system
51  (CNS), which has long been considered an immunologically privileged site [15], although the
52 peripheral immune system may communicate with microglia, the macrophages of the brain immune
53 system, via neural and humoral routes [16]. Microglia are dedicated macrophages of the CNS, which
54 originate in the yolk-sac, then migrate from the blood system to the brain during early development,
55  and play an important role in brain homeostasis [17].

56 Two microglia activation states, termed classical and alternative, appear to enable microglia
57  toreact to stimuli and restore tissue homeostasis [18]. Classically activated or M1 microglia that may
58  be induced by LPS [19] are characterized by production of pro-inflammatory chemokines and
59 cytokines, such as tumor necrosis factor (TNF-a), interleukin-6 (IL-6), interleukin-1p (IL-1p), and
60 interferon-y [20], and are involved in neuroinflammation [21]. Alternatively activated or M2
61  microglia down-regulate the inflammatory response and generate anti-inflammatory cytokines such
62  asIL-4, IL-10, IL-13, and transforming growth factor-g [21].

63 The structure of LPS, an outer membrane component of Gram-negative bacteria [22], consists of
64  an O-antigen, a core, and lipid A [23]. Lipid A is composed of units of D-glucosamine dimers and
65  fatty acid chains, anchors LPS to the membrane, and is responsible for the toxicity of LPS [23]. Lipid
66 A differences between Gram-negative proteobacteria and cyanobacteria [24,25] appear to affect its
67  functionality [26,27], and have been proposed to result in diminished toxicity [25,28].

68 The purpose of this study was to test the hypothesis that in vitro treatment of primary neonatal
69  rat microglia with S. javanicum or S. ocellatum LPS might trigger classical (or Ml-type) and/or
70  alternative (or M2-type) microglia activation, and the concomitant release of the pro-inflammatory
71 mediators Oz, thromboxane Bz (TXB2), and MMP-9 as well as cytokines TNF-a and IL-6, and
72 chemokines MIP-1a/CCL3, MIP-2/CXCL-2 and CINC-1/CXCL-1, and the anti-inflammatory cytokine
73 IL-10. Our results support our working hypothesis because both S. javanicum and S. ocellatum LPS
74 activated both classical (or M1-type) and alternative (or M2-type) phenotypes of rat microglia in vitro,
75 in a concentration-dependent manner. Thus, our investigation, the first to report on the

76  immunotoxicity of cyanobacteria S. javanicum and S. ocellatum LPS to brain microglia, extends current
77  knowledge of the toxicology of the cyanobacterial genus Scytonema.

78  2.Results

79 2.1 Effect of S. javanicum and S. ocellatum LPS on Neonatal Rat Brain Microglia O Generation

80 Reactive oxygen species generated by microglia can cause neuronal injury via oxidative stress
81  and have been implicated in neurodegenerative diseases [19,21,29]. Previous work from our laboratory
82  has reported that rat microglia treated in vitro with either E. coli LPS [19], cyanobacteria Microcystis
83 aeruginosa or Oscillatoria sp. LPS release Oz in vitro [1,4]. As shown in Figure 1, PMA-stimulated O
84  release was observed when neonatal rat microglia were treated with either E. coli, S. javanicum, or S.
85  ocellatum LPS for 18 h. Maximal O release was observed at 1x10* ng/mL S. javanicum LPS and 1x10°
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86  ng/mL S. ocellatum LPS. In contrast, E. coli LPS, the positive control, showed maximal O release at 1
87  ng/mL as previously reported [1]. Thus, S. javanicum and S. ocellatum LPS appeared to be 10,000- and
88  100,000-fold, respectively, less potent than E. coli LPS in stimulating statistically significant O

89  production from neonatal rat microglia in vitro.
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93 Figure 1. The effect of E. coli, S. javanicum and S. ocellatum LPS on neonatal rat microglia Oz release. Neonatal rat

94 microglia (1.8-2.0 x 10° cells/well) were treated with E. coli LPS (0.1-100 ng/mL), S. javanicum, or S. ocellatum LPS (0.1-
95 10° ng/mL) for 18-h in vitro and then stimulated with PMA (1 uM) for 70 min. Oz was determined as described in

96 Materials and Methods. Data expressed as nanomoles Oz is the mean + SEM from 3 independent experiments (n),
97 each experiment with triplicate determinations. **p < 0.001, ****p < 0.0001 LPS versus untreated control (0).

98

99

100 2.2. Effect of S. javanicum and S. ocellatum LPS on Neonatal Rat Brain Microglia LDH Generation

101 To determine whether the decrease in O production shown in Figure 1 resulted from
102 concentration-dependent toxicity by E. coli or Scytonema LPS to microglia during the 18 h incubation,
103 LDH release was determined in culture supernatants [19]. LDH release has extensively been used as a
104  marker for cellular toxicity, as is described in the Materials and Methods [1,4].

105 As shown in Figure 2, LDH release was low for all concentrations of both S. javanicum and S.
106  ocellatum LPS we investigated. In S. javanicum and S. ocellatum-LPS treated microglia, a non-statistically
107  significant release of LDH was observed at 100,000 ng/mL LPS, reaching 12.1 + 12.1% and 14.9 + 10.5%
108  of control, respectively. In contrast, in E. coli LPS-stimulated microglia, a statistically significant 35.3 +
109 17.7% of control LDH release was observed at 100 ng/mL, as previously reported [1]. Thus, the LDH data
110 suggest that both S. javanicum and S. ocellatum LPS did not affect the microglia cell membrane in vitro at

111 the concentrations tested in these experiments.

112
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114 Figure 2. The effect of E. coli, S. javanicum and S. ocellatum LPS on neonatal rat microglia LDH release. Neonatal rat

115 microglia (1.8-2.0 x 10° cells/well) were treated with E. coli LPS (0.1-100 ng/mL), S. javanicum, or S. ocellatum LPS (0.1-
116 10° ng/mL) for 18-h in vitro. LDH release was determined as described in Materials and Methods. Data expressed as
117 % of 0.1% Triton X-100-treated microglia LDH release is the mean + SEM from 3 independent experiments (n), each

118 experiment with triplicate determinations. *p < 0.05 LPS versus untreated control (0).

119

120 2.3. Effect of S. javanicum and S. ocellatum LPS on Neonatal Rat Brain Microglia proinflammatory TXB:
121 Generation

122 Eicosanoids, such as TXBz, have been implicated in neurodegenerative disease by contributing
123 to neuroinflammation [30]. We have reported that cyanobacteria Microcystis aeruginosa and Oscillatoria
124 sp LPS stimulated rat microglia to release TXB2 in vitro [1,4,19]. As shown in Supplementary Table 1, both
125 S.javanicum, and S. ocellatum LPS-treated microglia showed a non-statistically significant TXB: release as

126  compared to untreated microglia.

127

128 2.4. Effect of S. javanicum and S. ocellatum LPS on Neonatal Rat Brain Microglia pro-inflammatory MMP-9
129 Generation

130 MMP-9 and other matrix metalloproteinases produced during neuroinflammation may affect
131  the blood brain barrier causing disruption and resulting neuropathology [31]. Our laboratory has
132 previously reported that rat microglia release MMP-9 upon stimulation with cyanobacteria Microcystis
133 aeruginosa and/or Oscillatoria sp. LPS [4,19]. MMP-9 release in supernatants was measured via ELISA. As
134 shown in Figure 3, E. coli LPS-treated microglia released statistically significant levels of MMP-9 from 1-
135 100 ng/mL LPS. S. javanicum LPS-treated microglia also released statistically significant levels of MMP-9
136  but at 10,000-100,000 ng/mL LPS. In contrast, S. ocellatum LPS did not induce statistically significant
137  release of MMP-9 from treated microglia. Thus, S. javanicum LPS appeared to be 10,000-fold, less potent
138 than E. coli LPS in stimulating statistically significant MMP-9 production from neonatal rat microglia in
139 witro.

140
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142 Figure 3. The effect of E. coli, S. javanicum and S. ocellatum LPS on neonatal rat microglia MMP-9 release. Neonatal rat

143 microglia (1.8-2.0 x 10° cells/well) were treated with E. coli LPS (0.1-100 ng/mL), S. javanicum, or S. ocellatum LPS (0.1
144 10° ng/mL) for 18-h in vitro. MMP-9 release was determined as described in Materials and Methods. Data expressed
145 as pg/mL is the mean + SEM from 3 independent experiments (n), each experiment with triplicate determinations.

146 *p<0.05,**p <0.01, **p <0.001 LPS versus untreated control (0).
147

148 2.5 Effect of S. javanicum and S. ocellatum LPS on Neonatal Rat Brain Microglia proinflammatory cytokine release:
149 TNF-aand IL-6

150 TNF-a is a pro-inflammatory cytokine that appears to play a role in neurodegenerative
151  diseases [21]. Release of TNF-a from LPS-stimulated microglia has been demonstrated in primary rat
152 microglia [32,33]. As shown in Figure 4, panel A, E. coli LPS-stimulated microglia for 18 hours in vitro
153 showed a statistically significant peak TNF-« release at 10 ng/mL LPS (699.4 + 262.1 pg/mL). Similarly,
154 S javanicum LPS -stimulated microglia released statistically significant TNF-x at 1x10° ng/mL (549.2 +
155 1449 pg/mL; p<0.0001), while in contrast S. ocellatum LPS TNF-« release was non-statistically significant
156  (240.8+13.3 pg/mL).

157 IL-6 is a pro-inflammatory cytokine involved in cellular survival, stress responses, and may
158 also contribute to neuroinflammation [34]. LPS-stimulated rat microglia may release IL-6 [32,33,35]. As
159  shown in Figure 4, panel B, the concentration-dependent release of IL-6 was similar to TNF-a (Figure 4,
160  panel A) in LPS-treated rat microglia, although differed in the total magnitude (pg/mL) generated. Thus
161  E. coli LPS-stimulated microglia released peak IL-6 at 10 ng/mL LPS (29,117.7 + 3,998.3 pg/mL IL-6;
162 p<0.0001) while in contrast, S. javanicum LPS-treated microglia IL-6 generation peaked at 1x105 ng/mL
163 LPS (19,340 +3,973.0 pg/mL IL-6; p<0.0001). Furthermore, and similar to TNF-a release, S. ocellatum LPS-
164 triggered IL-6 generation at 1x10° ng/mL LPS, was non-statistically significant (4,118.9 +797.2 pg/mL).
165 Thus, similar to O and MMP-9 release, cyanobacteria S. javanicum and S. ocellatum LPS
166  appeared to be approximately 10,000 fold less potent than E. coli LPS in stimulating rat microglia to

167  release classical activation cytokines TNF-a and IL-6 in vitro.

168
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171 Figure 4. The effect of E. coli, S. javanicum and S. ocellatum LPS on neonatal rat microglia TNF-a and IL-6 release.
172 Neonatal rat microglia (1.8-2.0 x 10° cells/well) were treated with E. coli LPS (0.1-100 ng/mL), S. javanicum, or S.
173 ocellatum LPS (0.1-10° ng/mL) for 18-h in vitro. TNF-at (A) and IL-6 (B) release were determined as described in
174 Materials and Methods. Data expressed as pg/mL are the mean + SEM from 3 independent experiments (n), each
175 experiment with triplicate determinations. *p <0.05, ***p < 0.0001 LPS versus untreated control (0).

176

177 2.6. Effect of S. javanicum and S. ocellatum LPS on Neonatal Rat Brain Microglia proinflammatory chemokine
178 release: MIP-1a/CCL3, CINC-1/CXCL-1, and MIP-2/CXCL-2

179 MIP-1a/CCL3, a neuroinflammation biomarker, has been shown to recruit granulocytes to
180  damaged brain regions [36]. MIP-1a/CCL3 has been reported to be generated by LPS-stimulated
181 mouse [37], human [38], and rat microglia [39]. As shown in Figure 5, panel A, after an 18 h in vitro
182 incubation with either E. coli, S. javanicum, or S. ocellatum LPS, rat microglia generated MIP-1a/CCL3.
183  Thus at 1 and 10 ng/mL E. coli LPS-treated rat microglia released 10,235 + 6.5 pg/mL MIP-1a/CCL3,
184  p<0.0001. In contrast, 100,000 ng/mL S. javanicum and S. ocellatum LPS-treated microglia generated
185 9,806.8 +422.3 and 8,357.2 + 1,871.8 pg/mL MIP-1a/CCL3, p<0.0001, respectively.

186 CINC-1/CXCL-1 is involved in the chemotaxis and activation of neutrophils [40]. CINC-
187 1/CXCL-1 release from LPS-stimulated microglia has been observed from rat [41,42] and mouse
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188  microglia [37,43]. As shown in Figure 5, panel B, 100 ng/mL E. coli LPS-treated rat microglia showed
189 maximal CINC-1/CXCL-1 release of 11,742.1 + 4,593.4 pg/mL, p<0.01. Furthermore, 1x10° ng/mL S.
190  javanicum LPS though less potent, turned out to be more efficacious with a maximal release of 14,387.9
191  + 6,343 pg/mL CINC-1/CXCL-1, p<0.001. Surprisingly, 1x105 ng/mL S. ocellatum LPS-treated
192 microglia showed a non-statistically significant CINC-1/CXCL-1 release of 4,132.6 + 947.8 pg/mL.
193 MIP-2/CXCL-2 is another neutrophil chemoattractant and activator [44]. LPS-stimulated
194 mouse [45,46] and rat microglia release MIP-2/CXCL-2 [35,42]. As seen in Figure 5, panel C, 100
195  ng/mL E. coli LPS induced peak release of 45,710.2 + 11,774.2 pg/mL MIP-2/CXCL-2, p<0.001, while
196  1x10° ng/mL S. javanicum LPS-treated microglia showed statistically significant release of 62,423.9 +
197  24,688.2 MIP-2/CXCL-2, p<0.0001. In contrast, and similar to what was observed with CINC-1/CXCL-
198 1 generation, at 1x10° ng/mL S. ocellatum LPS-treated microglia generated non-statistically significant
199  MIP-2/CXCL-2 (16,550.6 + 3,550.9 pg/mL).

200 Thus, similar to cytokines TNF-a and IL-6, cyanobacteria S. javanicum and S. ocellatum LPS
201  appeared to be approximately 10,000 fold less potent than E. coli LPS in stimulating rat microglia to
202  release both the pro-inflammatory CXCL chemokine MIP-2/CXCL2, and the pro-inflamatory CCL
203 chemokines CINC-1/CXCL-1 and MIP-2/CXCL-2 in vitro.
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207 Figure 5. The effect of E. coli, S. javanicum and S. ocellatum LPS on neonatal rat microglia MIP-1a/CCL3 (A), CINC-
208 1/CXCL-1 (B), and MIP-2/CXCL-2 (C) release. Neonatal rat microglia (1.8-2.0 x 10° cells/well) were treated with E. coli
209 LPS (0.1-100 ng/mL), S. javanicum, or S. ocellatum LPS (0.1-10° ng/mL) for 18-h in vitro. MIP-1a/CCL3, CINC-1/CXCL-
210 1, and MIP-2/CXCL-2 release was determined as described in Materials and Methods. Data expressed as pg/mL is

211 the mean + SEM from 2 or 3 independent experiments (n), each experiment with triplicate determinations. *p < 0.05,
212 *p <0.01, **p <0.001, **p <0.0001 LPS versus untreated control (0).
213

214 2.7. Effect of S. javanicum and S. ocellatum LPS on Neonatal Rat Brain Microglia anti-inflammatory cytokine
215 release: IL-10

216 The anti-inflammatory cytokine IL-10 has immunosuppressive functions [47] and has been
217  reported to be released by LPS-treated mouse [47], rat [48], and human microglia [49]. As shown in
218  Figure 6, treatment of microglia with E. coli LPS resulted in a maximal release of 198.7 + 14.4 pg/mL IL-
219 10 at 1 ng/mL LPS (p<0.001). Furthermore, both S. javanicum and S. ocellatum-LPS treated microglia
220  showed statistically significant release of IL-10: 183.2 +22.2 (p<0.0001) and 103.6 + 7.3 (p<0.001) pg/mL at
221  1x10° ng/mL, respectively.
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224 Figure 6. The effect of E. coli, S. javanicum and S. ocellatum LPS on neonatal rat microglia IL-10 release. Neonatal rat
225 microglia (1.8-2.0 x 10° cells/well) were treated with E. coli LPS (0.1-100 ng/mL), S. javanicum or S. ocellatum LPS (0.1-
226 10> ng/mL) for 18-h in vitro. IL-10 release was determined as described in Materials and Methods. Data expressed as

A3k

227 pg/mL is the mean + SEM from 3 independent experiments (n), each experiment with triplicate determinations. **p
228 <0.001, ***p <0.0001 LPS versus untreated control (0).

229

230 3. Discussion

231 Microglia activated by stimuli such as infections [50] and neurodegenerative diseases [51] display

232 either the pro-inflammatory M1 or the anti-inflammatory M2 phenotypes that participate in the initiation
233 and resolution of inflammation [43]. One activator of microglia is LPS which activates microglia via its
234 lipid A moiety resulting in the concomitant generation of inflammatory mediators including matrix
235 metalloproteases, arachidonic acid metabolites, cytokines, chemokines, and free radicals both in vivo and
236  inwoitro[19].

237 Our working hypothesis was that cyanobacteria S. javanicum and S. ocellatum LPS would induce
238  anMI1 or classical activation phenotype in primary neonatal rat microglia in vitro and Or release. In fact,
239 both S. javanicum and S. ocellatum LPS stimulated microglia released statistically significant Oz in a
240  concentration-dependent manner similar to E. coli LPS, which was used as a positive control. Our present
241  observations are consistent with published observations on Ox release by cyanobacteria Microcystis
242 aeruginosa and Oscillatoria sp. LPS-treated primary rat microglia in vitro [1,4]. While cyanobacterial LPS
243 from either M. aeruginosa, Oscillatoria sp., or S. javanicum showed similar Oz release, S. ocellatum LPS
244 caused microglia to generate slightly higher concentrations of Oz. Furthermore, peak Oz release was
245  observed at 1,000 ng/mL M. aeruginosa and Oscillatoria sp. LPS [1,4], while in the current study, maximal
246 Oz release required 10,000 ng/mL S. javanicum LPS and 100,000 ng/mL S. ocellatum LPS. The nature of the
247  observed range of potencies among these cyanobacterial LPS and O release in vitro remains to be
248  investigated in future studies.

249 In addition to Oz, S. javanicum and S. ocellatum LPS-treated microglia generated pro-
250  inflammatory cytokines and chemokines in a concentration-dependent manner: MIP-2/CXCL-2 > IL-6 >
251  CINC-1/CXCL-1>MIP-1a/CCL3 > TNF-a. Although S. javanicum LPS was less potent than E. coli LPS in
252 inducing the M1 phenotype, and less efficacious in stimulating release of four cytokines and chemokines,
253 the release of CINC-1/CXCL-1 was enhanced compared to E. coli LPS. In contrast, S. ocellatum LPS, with
254  the sole exception of MIP-1a/CCL3, was both less potent and less efficacious in activating an M1
255  microglia phenotype with concomitant release of MIP-2/CXCL-2, IL-6, CINC-1/CXCL-1, and TNF-c.
256 Two recent studies characterizing microglial activation by cyanobacteria M. aeruginosa and
257  Oscillatoria sp. LPS [1,4] allow for an interesting comparison of cyanobacterial LPS efficacy and potency
258 in the concomitant generation of pro-inflammatory cytokines and chemokines. Of the four
259  cyanobacterial LPS our laboratory has studied so far, M. aeruginosa appears to be the most efficacious in
260  stimulating secretion of MIP-2/CXCL-2, IL-6, MIP-1a/CCL3, and TNF-a, while S. ocellatum LPS was the
261  leastefficacious. As compared to Oscillatoria sp. LPS [1], S. javanicum LPS appeared to be more efficacious
262  instimulating secretion of MIP-2/CXCL-2, IL-6, and CINC-1/CXCL-1 from rat microglia, but resulted in
263  similar concentrations of MIP-1a/CCL3 and TNF-a. Thus, our study provides experimental support for
264  ourworking hypothesis, namely that cyanobacteria S. javanicum and S. ocellatum LPS (0.1-100,000 ng/mL)
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265  activated an M1 or classical activation phenotype in primary rat microglia, with no significant toxicity to
266  microglia in vitro.

267 The second component of our working hypothesis was to investigate whether S. javanicum and S.
268  ocellatum LPS-treated rat microglia activated a M2 or alternative activation phenotype with concomitant
269  release of the anti-inflammatory mediator IL-10. The M2 microglia phenotype and anti-inflammatory
270  mediators have been associated with tissue repair processes [52]. Both S. javanicum and S. ocellatum LPS-
271  treated rat microglia demonstrated statistically significant concentration-dependent release of the anti-
272  inflammatory cytokine IL-10. Although both S. javanicum and S. ocellatum LPS were less potent than E.
273 coli LPS in stimulating release of IL-10, S. javanicum LPS had similar efficacy as E. coli LPS. Thus, our
274  present results complement our recently published study on the effects of cyanobacterium Oscillatoria
275  sp.LPS on alternative activation of rat microglia and concomitant IL-10 release [1]. In terms of potency,
276  both Scytonema species LPS were 10-fold less potent as they did not stimulate maximal IL-10 release until
277 100,000 ng/mL LPS, whereas Oscillatoria sp. LPS resulted in peak IL-10 release at 10,000 ng/mL LPS [1].
278  We currently hypothesize that the observed differences in potency and efficacy amongst the
279  cyanobacterial LPS could be due to differing lipid A structures [25]. The structure of most cyanobacterial
280  LPS is currently unknown, so determination of LPS structure appears necessary for further

281 characterization of their in vitro and in vivo effects on microglial activation states [25,26].

282 Taken together, our data lend support to our working hypothesis by demonstrating that in
283 witro treatment of primary neonatal rat microglia with cyanobacteria S. javanicum and S. ocellatum LPS
284  willresultin both classical or M1 and alternative or M2 activation in a concentration-dependent manner.
285  Asour current study was conducted in vitro, and because it has been reported that E. coli and Salmonella
286  tiphyimurium LPS activate microglia upon systemic administration [53-55], future studies are required to
287  determine whether systemic cyanobacterial S. javanicum and S. ocellatum LPS will activate microglia in
288  the CNBS, as well as concomitant pro-inflammatory and anti-inflammatory mediator release.

289 4. Conclusions

290 In conclusion, the present investigation on the toxicology of both S. javanicum and S. ocellatum LPS
291  to microglia in vitro extends our previous studies with cyanobacteria Microcystis aeruginosa and
292 Oscillatoria sp. LPS, and contributes to our understanding of the potential toxicity of cyanobacterial LPS
293  in general, and the genus Scytonema in particular, to the brain immune system.

294 5. Materials and Methods

295  5.1. Chemicals: Escherichia coli LPS (Ec) (026:B6) was purchased from Difco Laboratories, Detroit, Mich.;
296  cyanobacteria S. javanicum (167 EU/ng) and S. ocellatum (77 EU/ng) LPS were prepared by hot
297  phenol/water extraction [56] by Dr. Philip Williams, University of Hawaii at Manoa, Honolulu, Hawaii
298  from UHM's strains GB-9-9 and HX-22-2, respectively; Endotoxins were assessed using Genscript
299  ToxinSensor Chromogenic LAL Endotoxin Assay; Dulbecco's modified Eagle medium (DMEM) with
300  high glucose (4.5 mg/l), Hanks' balanced salt solution (HBSS), penicillin (P), streptomycin (S), and
301 trypsin (0.25%)-EDTA (1 mM) were from GIBCO Laboratories, Life Technologies Inc.,, Grand Island,
302  N.Y heat-inactivated fetal bovine serum certified (FBS) was from Hyclone, Logan, UT. Ferricytochrome
303 ¢ type III (from horse heart) (FCC), superoxide dismutase (from bovine liver) (SOD), phorbol 12-
304  myristate 13-acetate (PMA) and dimethyl sulfoxide (DMSO) were from Sigma Chemical Co., St. Louis,
305  MO. PMA was maintained at -20°C as a 10 mM stock solution in DMSO.

306  5.2. LPS contamination: Glassware and metal spatulas were baked for 4 h at 210°C to inactivate LPS [57].
307 Sterile and LPS-free 225-cm? vented cell culture flasks were from BD Biosciences, San Jose, CA; 24-well
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308 flat-bottom culture clusters were from Costar®, Corning Inc., Corning, NY; disposable serological
309  pipettes were from Greiner Bio-One, Monroe, NC.  Sterile and pyrogen-free Eppendorf Biopur pipette
310  tips were from Brinkmann Instruments, Inc., Westbury, NY.

311 5.3. Isolation of primary rat neonatal microglia: Adherence to the National Institutes of Health
312 guidelines on the use of experimental animals and protocols approved by Midwestern University's
313 Research and Animal Care Committee were followed in all experiments. Rat brain neonatal microglia
314  were harvested and characterized as described in detail [1].

315  5.4. Activation of microglia with LPS (Experimental Protocol): To determine the effect of S. javanicum
316  and S. ocellatum LPS on neonatal rat microglia classical and alternative activation and concomitant
317 mediator release (Oz, thromboxane B, cytokines, and chemokines), 1.8-2.0 x 10° neonatal microglia in
318 DMEM+10%FBS+0.1 % P +S were plated into each well of a 24-well flat-bottom culture cluster, and
319  then stimulated with either 0.1-100,000 ng/mL cyanobacterium S. javanicum LPS, S. ocellatum LPS, or E.
320  coli LPS (0.1-100 ng/mL) used as a positive control. Time-of-stimulation with either S. javanicum or S.
321 ocellatum LPS or E. coli LPS was 4PM Central-Standard-Time of the USA (Coordinated Universal Time +
322 5hours). After the 18 h incubation, conditioned medium (1 mL) from each tissue culture well was split
323 into two aliquots. One aliquot (0.1 mL) was used to measure lactate dehydrogenase (LDH) levels and the
324  remaining aliquot (0.9 mL) was frozen (-84°C) until determination of TXBz, chemokines, and cytokines
325 as described below. Once the conditioned media had been removed, either S. javanicum, S. ocellatum,
326  or E. coli LPS-treated microglia cells were washed with warm (37°C) HBSS, and Oz was determined
327  asdescribed below.

328  5.5. Assay for microglia Oz generation: O generation was determined by the SOD-inhibitable reduction
329 of FCC[19]. Briefly, PMA (1 uM)-triggered Ox release from either S. javanicum, S. ocellatum or E. coli LPS-
330  activated microglia was measured in the presence of FCC (50 uM) and HBSS, with or without SOD (700
331  Units), which inhibited >95% of FCC reduction during a 70 min incubation. All experimental treatments
332 were run in duplicate and in a final volume of 1 mL. Changes in FCC absorbance were measured at 550
333 nm using a Beckman DU-800 spectrophotometer. Differences in the amount of reduced FCC, in the
334  presence and absence of SOD, were used to determine microglia Oz generation using the molecular
335  extinction coefficient of 21.0 x 103 M-! cm! and data expressed in nmol.

336  5.6. Lactate Dehydrogenase assay: To assess cell viability following preincubation of microglia with
337  either S. javanicum, S. ocellatum or E. coli LPS as described in our experimental protocol, the conditioned
338  medium was harvested and LDH release was determined spectrophotometrically [19,58]. Microglia
339  LDH release was expressed as a percent of total LDH released into the conditioned media. Total LDH
340  release resulted from 0.1% Triton X-100- lysed microglia (intracellular LDH) plus LDH present in the
341 extracellular media, because the fetal bovine serum contained LDH (data not shown). Unless LDH
342  release from LPS-treated microglia was significantly greater than that observed from the vehicle-treated
343 group, shown as 0 or control in the corresponding figures, the 18 h LPS treatment was considered to
344  have had no effect on microglia viability.

345  5.7. Assay for microglia TXB: generation: After preincubation of neonatal rat microglia with either E.
346  coli, S. javanicum, or S. ocellatum LPS for 18 hours, TXB2 production was determined by immunoassay
347  (Cayman Chemical, Ann Arbor, MI) according to the manufacturer’s protocol. Results were expressed
348  aspg/mL and the minimum detectable concentration was 7.8 pg/mL TXBz.

349  5.8. Assay for microglia MMP-9 generation: After 18 hr treatment of neonatal rat microglia with E. col,
350 S. javanicum, or S. ocellatum LPS, MMP-9 generation was determined by ELISA (Cat# DY8174-05, R&D
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351  Systems, Minneapolis, MN) according to manufacturer’s protocol. Results were expressed as pg/mL and
352  the minimum detectable concentration was 78.10 pg/mL MMP-9.

353 5.9. Milliplex MagPix Multiplex Array: Supernatants from untreated, E. Coli LPS, S. javanicum LPS, and
354 S. ocellatum LPS-treated microglia were added to a 96 well Milliplex kit plate (Cat# RECYTMAG-65K,
355  Millipore, Billerica, MA) to assay the following cytokines and chemokines: TNF-a, IL-6, CINC-1/CXCL-
356 1, MIP-1a/CCL3, MIP-2/CXCL-2, and IL-10. The Milliplex plate was read by the Luminex MagPix
357  technology. Data was analyzed using XPONENT software (Luminex, Austin, TX). Results were
358  expressed as pg/mL. Minimum detectable concentrations for cytokines and chemokines were: IL-6, 30.7
359  pg/mL; IL-10, 2.7 pg/mL; TNF-a, 1.9 pg/mL; CINC-1/CXCL1, 19.7 pg/mL; MIP-2/CXCL2, 11.3 pg/mL;
360 and MIP-1a/CCL3, 0.8 pg/mL.

361 5.10. Statistical analysis of the data: Data was expressed as means + SEM of triplicate
362  determinations of 3 similar experiments. Data was analyzed with Prism software package version
363 7 from GraphPad, San Diego, CA. Appropriate multiway analysis of variance was performed on all
364 sets of data. Where significant interactions were encountered, simple effects were tested with a one-

365  way analysis of variance followed by a Dunnett multiple comparisons test. Differences were
366  considered statistically significant at p<0.05 [1].

367  Supplementary Materials: The following is available online. Supplementary Table 1: Effect of S. javanicum and
368 S ocellatum LPS on Neonatal Rat Brain Microglia proinflammatory TXB2 Generation
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