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Abstract Mycosporine-like amino acids (MAAs) are UV-absorbing substances, and diverse marine organisms have the
evolved the capacity to diminished the direct and indirect damaging effects of environmental ultraviolet radiation by
synthesis and accumulation of MAAs. In this study, we manufactured a radiofrequency (RF) generation device and applied
to microalgal culture. 0.35+0.05 mHz of RF was supplied to culture vessel for Chlamydomonas sp. and samples were
harvested at the designated time intervals (1, 0.5, 1 and 2 hr). MAAs biosynthetic genes, dehydroquinate synthase homolog
(DHQS-like) and nonribosomal peptide synthetase homolog (NRPS-like), were cloned from Chlamydomonas sp. and their
gene expressions under the RF exposure were analyzed using qRT-PCR. DHQS-like and NRPS-like gene expressions of
Chlamydomonas sp. exposed to RF were increased 1.46 and 1.19 fold at 1 hr, respectively. These results means that
DHQS-like and NRPS-like genes can be good biomarker candidates for diagnosis of MAAs biosynthesis in the
Chlamydomonas  sp.
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1. M2

4] oEANCR st Ao meels
A}] A (ultraviolet radiation, UVR; 280-400 nm)2] &Fo]
Z7Vatol ek, shepgeAo] ek Aelel el digt

ijo] F7bskan GIch1] BE U4 (phototrophs)
3ol mAERE WAHoR WA BAWAM

(photosynthetic active radiation, PAR; 400-700 nm)i}
UVRe| =531, ofof wje} UVRE] o} gaks 435}
LAt ohekst Sluders WEAA gioh2]. ol=et A
E ZoJ|&= photoreactivation, nucleotide excision repair,
base excision repair, mismatch repair, recombinational
repair 5 -2 UVol| 23k DNA &4 23], 324 &
o} & AAI[4], 7FRE| 0|, d=ash DU FATIA =3

[5] ¥at o}uz} scytonemin X mycosporine-like amino

acids (MAAs) 22 UV &= 2 2jdsshEe] sH4(6] 5

o] gict.
MAASE AOJAUVIE FHsls Bdolu7], Yz
SRl | B B Oﬂ/ﬂ Jé%‘l}[&% MAAs

LI

+= cyclohexenoneX} cuclohexenimine chromophore”} ©}
U]lc*PQ,] Z42)37] B imino &E7)9F A Eo] Q)
= Jtxo|H[10], &S 310-360 nmo|TtiH{11].
MAAs= &9 UVel tfgh #R5[8,9], AFe 28
[12] % Absha) ~Eg 2o i3t Wol[13] 5 B AEst
2 7] ofgte}. TR in vivooll Al UV ol fiet
= IREYE e 7142 TS} SR A
2 ARETHI15].

MAAse] £, B2 @ ABEE WFAR) A7l of
Ao] Elo] ST, MAAs] aHgol thet A}
W 407 A7e] pEow geld Asihy 712 of
7R K] olaE) ) Sk ILIS]. FH9F FRol
X2l MAAs AJSHA] THAL F 5 A 0 2 shikimate IS
AXA Ez=dl, o]23t A= MAAs Aol Hald=E
I A PE A AL FASIAY FYsithe A& 9]
gtilel. B3] "dRFoIAY MAAs  ARAE
sedoheptulous ~ 7-phosphate, ~ 4-deoxygadusolS 7| #]

mycosporine glycine®] & AJ%E|1l, mycosporine glycine2-
shinorinex} pophyra®] HWFA|7F Bl S AXA €
tH15]. o] I}Ao)lA] dehydroquinate synthase homolog
(DHQS-like)2} O-methyltransferase (O-MT),
grasp (ATP-grasp) &
nonribosomal peptide synthetase homolog (NRPS-like) -
WA} wolat,

Rediofrequency(RF)= 3 kHz-300 GHz7}A] o] ¢l
L A7|Ttolct. 22 RFe) Abgol G353, RFS

adenosine

triphosphate superfamily

Sk 71717} mskeol uhet RFS] Aot el

7 715 Sl 5 RPS) T 7
&u[ 7], AAEA[18,19], 42 WHA[20], AlZet £
9 o SAMA[21,22] Bul ofa) Akske AEd)
2~[23] ¥ heat-shock HH3{24] S5o| E1El gk &
o] A= SRAIEO] die RFe] ol Bt AT
o, Aol tek RF el Be T e =
(2526), 591 oAl oot RE A2l ol G
i oA Wl v glk

2 Agtolsle mAlRF weFel AEEt RF S
£ t)R}QI5}al Chlamydomonas sp.2] vjjoFo] Z-83}4ch.
MAAs AJal4] 7+ & HZHDHQS-like and NRPS-like)Z
2245}, RFo|| =25 Chlamydomonas sp.ol| 42 &
B W EA2 Solol, MAAs AL AEE - 9)

£ uolentr =l B854 ARt

B i nﬂxv
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2.1 M3t HHQF

Chlamidomonas sp.~= QA &tn | FAIAT oA H
oFdtol kg slgct. rEa|s Chlamidomonas sp.&=
250 mL Z2FA3E o]-g3}o], 100 mL2e] F, vl X|(Table
1ol AZ3}ar, pH 7.00]A] 20C w72 wjokstic)
Tz 7L 150 uM photon m”s™
lampE o]-&3s}o], 14A]1712] &+
daily cycle2 Fch

cool-white fluorescence

719} 10417be] 9H7)2

[Table 1] Composition of culture media (F» media).

f/2 medium

Component (per liter)
NaNO; 880 pm
NaHzPO4 N Hzo 36 um
Vitamin B12 0.3 ng
Biotin 1.0 mg
Thiamine 0.1 ng
Metal mixed sol. 1.0 mg
DW 193 mL

Tris 055 g

Soil extract 5.0 mL
Sea water 800 mL

pH 7.4
2.2 RF X2l

0]—9—5]—0:] Chlamidomonas sp. & 2
7F segeajekstle). Al 10° cel/mLe]] TAEEAL 5
L vjeF7]| o)A H]-]Oko}gj\_t_)_u;] RF 23S o] 83}

A7) wjjoF AL
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RFY k25 == 3}tk RFQ intensity= 20 J/em®0| 1L,
AR/ 0.02 AR 2A3}TE RF A2 oF 308 7120
2 RF A9} FA1& Wgoprhy =35 st3ir). Fig. 2
oflAl Hi= B} o] A RF A A 7|22 lof
2T AR} 304 A2] T9 Alg, IARE A2 9] A
T 92X A %9 N EE AFHSAT 2 AlRT 30
mlLE g Ssto] fHx F2 9 dEEA Aol AL
8l cHFig. 1].

Rest

0.5 hr
samplin N
High pling
frequency High
frequency

Control

1hr
sampling

RF (Intensity 20 J/cm?, Current 0.02 A)

2 hr
sampling Rest
High
frequency High
b frequency

Rest

[Fig. 1] High frequency processing condition and sampling
time of Chlamidomonas sp.

=H o

RF A2& &8l S53 2t AR nMl27 AlRE
3000 5B EQF 4To|A PAlEelste] M 2RE
WSIT} HomogenizerS o]-§3ko] nHER HES uhi
Sk 5, 1 mL9| Trizol reagent(Molecular Research Center
H7)slo] total RNAS =3}l Reverse
transcription system (Promega Co. USA)2 AR&3}o] 10 p
29 total RNAZHE cDNAS  FAJ5HITh
House-keeping -G-ZA}2 tublin G-ZHAE AR5} O 0,
MAAs Q34 QA2 DHQS-like®} NRPS-like 312}
£ A"sialh 4 fHAe primers=
Chlamydomonas  sp.2] transcriptomes=ZHE  Ho]zl
full-length ¢cDNAsE 7|22 3}o] tx}RlE}itt Aldo
ALgE Zalo|w= # 20 FEA|SFACE PCR products+=
1% agarose gel oA 7| FEstelen, HES Adst
1!, agarose gel DNA fragment recovery kit (Promega Co.
USA)E A&5lo] AA|5}3 T PCR fragments+= pGEMT
easy vectorol| 243511, A7 ES £

Inc)&

specific

[Table 2] Primer sequences for cloning of tublin,
DHQS-like and NRPS-like genes

Gene primer sequence (5°-3)

Tublin Forward: GCGTGCTGCATGATGTATCGTG
u Reverse: ATCCGGYAGGGCACCAATCAAC
DHQS-lik Forward: TGGTCGAGGGATAGACCAAC

®  Reverse: CACACTTGGAGTCCCACCTT
Forward: GATGGTGGGGAATTTGATTG

NRPS-like  p verse: CCCTGGTAGGCGTTTGTTTA

2.4 Quantitative real—-time PCR

Real-time PCRE 9Jo] 7|<4% cDNA templateS AN
Sjof 2-aJ319IT}. QRT-PCRO] HE-8 efolnj 9214}
2232 93t UxolE Zefolu(Table 2)F AHESHA
t}. House-keeping -J-7A}2l tublin §# A= internal
control & A}8-5}%it}. Real-time PCRE Rotor-Gene 3000
(Corbett Research, Sydney, Australia)2 ARE8lo] 485}
o, delta delta CT methodo]] 2|3 822} W& oko]
20|12 245190} PCR Z2E 8132 fotal 20 pL&E 10X
rection buffer 2 pL, 2.5 mM dNTPs 2 pL, Taq DNA
polymerase 0.5 uL, cDNA 5 uL, SYBR 1 uLE &3}5}o]
32 3okt WS 2702 94TolA 20%, 55T
A 20% T18|31 72TCof|A] 1524 Z42F 40 Abo|ES 4AA
shiek 2 Adol| tiste] BHESDE ALbsEl o,
One-way ANOVAE 33l 22| {o140-& w481k

3. Zx ¥ 1nH

3.1 RF LEX| &=
RF 93 A28 FeAEWH8-71(5 L)E RF device?
printed circuit board (PCB)o]| HjX]3}911l, RF device:
out put power”7} 20-40 W A7} whAIE = Q=2 A
&}9ct. Internal power supply circuit, oscillator circuit,
amplifier, resonator circuit, power modulator, heat diffuser
=9 Hda] wiAlsle] ulHzR ool 2-85%cHFie.

2].
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Microalgaes

Algae culture system by RF modulation

b: RF device
d: Osillographer

a: Bioreactor
c: Air supplier

[Fig. 2] Fabrication of radiofrequency generating modulation.

3.2 MAAs ¥ty Tt 229

MAAs A3H el Folshs faAkel DHOSlike
o} NRPS-like 742 Z2dstolrh. tA4elE primers
S ARE5Fo] RT-PCRS ~3Y3t AT} negative controlof 4]
AZEo] R a1, Chlamycomonas sp.o| AT HEE
A MES 79 AollA 2hlstithFig. 3]
DHQS% 176 bp sizeof| A §-AAE ZE5]9) 21, NRPS
= 192 bpo] FHAAE ATk

o ol

Negative

Microalgae

Negative

Microalgae

[Fig. 3] Electrophoresis of RT-PCR products for
DHQS-like (A) and NRPS-like genes. M, 100
bp ladder; T, tublin, D, DHQS-like; N,
NRPS-like.

3.2 MAAs Mgt TR wdl

RF # 2] A]7to] o3+ DHQS-like & NRPS-like -3-A2}
o] I@HsLE wA5l7] 91810], 0.35£0.05 MHz2] RF&
30532 3 3082 F419] cyele 2|3H, 0, 0.5, 1
9 2 hrof] A|2E #25}e] QRT-PCRS 2283} 0 hr
A FAA HHS 12 dAskon, ZF AlzbE Al
O YA LS ARl gre 2 FASIch A2 +
42 B RF A2] & 1 Agte] ko] Mg 7}
3} tl. DHQS-like -&HA}= controlo] |3 oF 46% =
7}819l o1, NRPS-like -32H= ¢F 19% W& o] F7tat
ATHFig. 4].

1.6

1.4

1.2

1.0

0.8

Relative concentration

0.6

14

13

11

1.0

0.9

Relative concentration

0.8
Control 0.5hr 1hr 2hr

RF treatment

[Fig. 4] mRNA levels of DHQS-like (A) and NRPS-like
(B) genes in the Chlamydomons sp. exposed to
radiofrequency.
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