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olfactory bulb interneuron development CA
@—{muscle filament sliding A O
regulation of embryonic development AO o
homophilic cell adhesion via plasma membrane adhesion molecules AOC @
clathrin coat disassembly A o
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(@—|oocyte development A @
negative regulation of cell proliferation involved in contact inhibition CA | @
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response to purine—containing compound A O [ )
®—> cellular response to caffeine <& JA
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maintenance of protein location in nucleus <A [ ]
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# (@) T, ZIUIHRUEDK L AEE Th o7, 3K
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®_> cholesterol biosynthetic process

®—’ muscle filament sliding

@—> DNA strand elongation involved in DNA replication
membrane depolarization during action potential
®—’ calcium ion transmembrane transport
cholesterol homeostasis

visual perception

regulation of ion transmembrane transport
steroid metabolic process

transmembrane transport

mitotic cell cycle

epoxygenase P450 pathway

®—> xenobiotic metabolic process

muscle contraction

cellular response to caffeine

chromosome segregation

cell adhesion

peripheral nervous system axon regeneration
high—density lipoprotein particle remodeling
mRNA modification

sarcoplasmic reticulum calcium ion transport
nitric oxide biosynthetic process

sodium ion transport

cholesterol metabolic process

DNA integration

ion transmembrane transport

striated muscle contraction

triglyceride metabolic process

cholesterol efflux

cell-cell signaling

L—cystine transport

negative regulation of fibrinolysis

negative regulation of blood coagulation
mitotic sister chromatid segregation

calcium ion import

regulation of complement activation
GDP-mannose biosynthetic process
modification—dependent protein catabolic process
retinol metabolic process

DNA replication

blood coagulation, intrinsic pathway

vitamin D metabolic process

cytolysis

negative regulation of endopeptidase activity

synaptic transmission
hyaluronan metabolic process
response to mercury ion
neuropeptide signaling pathway

G-protein coupled receptor signaling pathway, coupled to cyclic nucleotide second messenger A O

release of sequestered calcium ion into cytosol by sarcoplasmic reticulum O A
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(FEAT /KT p-value 2MEV 50 &)
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1 0.01 104 106 108
p-value

Yy (\#ii#E Cytochrome P450 family 1, family 2 O
SRR R e B, ERNRORELZEZX D L CHE
TRHERE T B D ARSI E DR (xenobiotic metabolic
process, GO:0006805, @) 1. A F/KDOATHE &
72572, DNA OEERUIERDOLESF FEETH DM,
AU BHIE L 7-BRE & LTI, DNA #HHUR:0 DNA 4/
£ (DNA strand elongation involved in DNA
replication, GO:0006271, @) 7235, WA FKDAHTH

Hllpol, WEERICEE LS LTX, L
VU LA A fEHGE (calcium ion transmembrane
transport, GO:0070588, ) 3, ) AiE/KCHAMLEL
KTHHETH-T,

WED IR RN T /KIEEEX Tl 57 [HDOHEREN A &
L 72572 (K-10 121 p-value 23KV 50 fE &7~ L72),
TRATAKTHRD pvalue 2MEVERRIZ, RO 3~
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(D—|muscle filament sliding

®—> DNA replication initiation

growth plate cartilage development

actin—myosin filament sliding

positive regulation of glycoprotein biosynthetic process

G-protein coupled purinergic nucleotide receptor signaling pathway
negative regulation of leukocyte apoptotic process

cell adhesion

cellular response to cytokine stimulus

chromosome segregation
regulation of transcription involved in G1/S transition of mitotic cell cycle

homophilic cell adhesion via plasma membrane adhesion molecules
negative regulation of cell proliferation involved in contact inhibition

< n
Fol ([ ]
CA
<

Q
CA

o © P
eopeoe

keratinocyte development

deoxyribonucleoside monophosphate biosynthetic process
mitotic spindle midzone assembly

RNA polymerase I transcriptional preinitiation complex as
®—> G-protein coupled receptor signhaling pathway

actin filament-based movement

positive regulation of inflammatory response
@—|response to virus

positive regulation of interferon—-gamma production
osteoblast differentiation

DNA strand elongation involved in DNA replication
decidualization

negative regulation of cell migration

positive regulation of NF-kappaB import into nucleus
positive regulation of ion transport

negative regulation of protein autophosphorylation
negative regulation of growth of symbiont in host
positive regulation of interleukin—12 production
release of cytoplasmic sequestered NF-kappaB
negative regulation of viral genome replication
positive regulation of tissue remodeling
development of primary female sexual characteristics
positive regulation of interleukin—1 beta secretion
regulation of I-kappaB kinase/NF-kappaB signaling
regulation of neuron differentiation

establishment of T cell polarity

clathrin coat disassembly

relaxation of skeletal muscle

positive T cell selection

olfactory bulb axon guidance

negative regulation of renal sodium excretion

Fc receptor signaling pathway

interferon—gamma biosynthetic process

positive regulation of NK T cell proliferation
positive regulation of cytosolic calcium ion concentration
negative regulation of cytokine secretion

positive regulation of tumor necrosis factor biosynthetic process A

sembly

&
>
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T KEMO I & HTE,
X-10 i, FFEOFWMA TABRBER TAERLRoTMED—E L, NHEIBRE TO p-value DEAL

(FEAT /KT p-value 2MEV 50 &)

ALTEM LIz <9,

A FKT p-value 78 2 & B IV ViAEIZ, DNA EH
Bits (@) THY ., MATKOLTHELZ2>Tz, Z
@20%@@60@%%# DI & it oD il < 3
@ L T, {}IL)\T7kTﬁ,_\ LlpoTWz, G #2378

1‘t M RIKBE > 7 F v (G-protein coupled
receptor signaling pathway, GO:0007186, @) X, #)
AR EARLBUK T O AE Th o7, G 7378
HATZ RRIE, MRS AR, MR

AR ERE % 2D & ONFEAE L, EIRLOREH) &
LTHHEELRS>TND, UA ILASDISE (response
to virus, GO:0009615, @) 1%, WA FKDAHTHEL
ALY e

HEDHEOFEN T/KVREEX CIL, T4 EOBRED A E L
72072 (B4-11 121% p-value 2MEV 50 ﬂﬁl%ﬂ‘ Lt) it
ANTFKTED pvalue 2MEVEREIX, 2L AT n—L
aEk (D). 2 FBITROEEREIT. (SO RS A 7
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cholesterol biosynthetic process

mitotic cell cycle

visual perception

mitotic sister chromatid segregation

ion transmembrane transport

cholesterol homeostasis

calcium ion transmembrane transport

muscle filament sliding

meiotic nuclear division

cell division

retinoid metabolic process

peptidyl—cysteine S—nitrosylation
sarcoplasmic reticulum calcium ion transport
positive regulation of dendritic spine morphogenesis
calcium ion import

sulfate transport

®—
@—
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Abstract:

The occurrence and fate of physiologically active substances (e.g., pharmaceuticals) in the water
environment are emerging issues in environmental chemistry. Although there have been various reports on
the efficiency of removing pharmaceuticals at wastewater treatment plants (WTP), many pharmaceuticals
still exist in WTP effluent, and sometimes at concentrations exceeding environmental risk levels. Further
studies on techniques for removing pharmaceuticals in WTP effluent are required to control these
compounds. The objectives of this research are to determine the occurrence and fate of selected
pharmaceuticals in activated sludge process and to develop new technique the removal of to remove
pharmaceuticals in WTP effluent using the microbial carrier process.

In FY 2014, this research was a study of the removal of selected four pharmaceuticals (triclosan,
clarithromycin, azithromycin, and ketoprofen) was investigated at experimental sewage treatment plant and
the use of the microbial carrier process to perform advanced treatment to remove these compounds from
wastewater treatment plant effluent. As a result of gene expression analysis of medaka exposed to untreated
sewage, activated sludge treated water and microbial carrier treated water. The untreated sewage water
contained development, transport and signaling toxicity. The development toxicity was reduced in the
activated sludge treatment process. But, the transport, signaling and muscle toxicity might remain after the
sewerage treatment process.

Key words: bioassay, medaka, gene expression, microbial carrier, pharmaceuticals
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