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4. mRNA ZZ (Extraction).
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o ST 7, 5LXF OFY 9AIRE YU OFY 9AITHA| 4A|Z ZHAC 2 242F Wb £ Ef

Oofih At=S 1002 ==& A= 22loh =02 #88 22 ChS A2t 82 2%

}

tubeOf| 2 ULt TRIzol reagentE 200ulS €12 pestle= 0|83 &3] 27 & CtZ, TRIzol

reagent= 300ul2 OFX 210 chloroform2 TRIzol reagent2} 5:1 HlE 2 E0{FCt 2|1

13,200 rpm, 4°C, 15&'2| X2 2 M EE|E Tt O3, &4E0| EXSH= aqueous
phaseE 160ulE FZE| MEZ2 tube2 &7ICt M tubelll U= aqueous phaseO

isopropanol 200ulg &1 5&79| vortex ¢t CtE, 20| 1027+ E2F =, 13,200 rpm, 4°C,

1029 ZHe =2

o

| S THSHLE O|=, pellets M 2ot HHX| S ZESHA Mt =

75% alcohol 500ul& €0 f|Otef2 & 440 & CFF, '13,200 rpm, 4°C, 52’2 =12z ¥

HZelS TIYSCE CHA, pellets M el LHHA|S MRSHA MAHE 7, REE FIEOA 5
=52 SE0| 22 2, DW 50uls 20 pelletO] Sw=3| EO0{X[A| TtCf.

5. Real Time-quantitative Polymerase Chain Reaction (RT-gPCR).

FO A H|ot 22 EO|=X| =QIot7| IS RIMSHFCE AFE B mRNAS| 40| &
100ng0| £ =2 HHZ St M, reverse transcriptionOf| AHE St kit ReverTra Ace -o-

( Toyobo, Osaka, Japan; catalog number FSQ-101)0|C}. HXA, D.Wet 100ng £&°2| RNAE



et 7ulZt B =& FEO| @2 ChE, 65°CO| 527t incubation 3Lk 1 0|%, 20| 227F
incubation®t 2, Z tube® 2 '5X buffer 2ul, enzyme mix 0.5ul, primer mix 0.5ul'S €2 C}

= tappingdl SE3| A0E F, 37°Col|A 3027t 12|11 98°CO| A 5&7F incubationPHC,

, 20N 25| A5 F F, 90ul2] D.WE E7tH vortex H spin down

24 E cDNAE 0|83}0] RT-gPCRE &3l 22} PERIOD2} TIMELESSS| &l & X0 & =t

— —

OISt DXt ZHCE 2X SYBR GREEN master mix (TOPreal™ gqPCR 2X PreMIX (SYBR Green with

AN —

low ROX) (Enzynomics, Daejeon, Korea; catalog number RT5005)S A2t 2, '2X SYBR

GREEN master mix 10ul, cDNA 4ul, Forward primer 1ul, Reverse primer 1ul, D.

W 4ul' =24
SHoll ZH2Zt 96 well plateOf| @2 CHZ, LC480 light cyclerdi| Of2Ho] ZHO 2 ZIglst ATt
<xH>
Incubation: 95°C, 10m
Amplification: @ 95°C 10s, @ 60°C 15s, 3 72°C 30s, & 40 cycle £
Melting: @ 95°C 5s, @ 65°C 15s
Atget Zeto|H HE = Chgar ZCt
Forward primer Reverse primer
per 5'- AACATGCTGCTCGTCATCTG 5'-GAACTTGGGGCTCTTCTGTG

tim 5'- CAAGAGCGTGGTGGAGTACA 5'-TCTCAGCAGCAGCAGACAGT

rp49 5'-AGATCGTGAAGAAGGCACCAAG 5'-CACCAGGAACTTCTTGAATCCGG

242 1C light cycler IS0 e Z22S AFBSIIOH, ASHOR 242t LEtH Y
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6. Lifespan Analysis.
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0f, O WjOtCh =2 =0i2| =& MA SR 0 @2 chamber0 A= =Lj2|7} 25 4E

SHA| RS W7HR| Tl SHRALY.

7. Hemolymph extraction.

Zat2|e] ML glucose ¥2 =QISH7| QIBiA], ZIt2|2] KUl hemolymphE F==5HFILC
SHOISI A} St YOl Rnt2| wHi = Efo it Xk Zh2E b= 1 @10] 1742] vial o
400024, 10 2 2t 202 2 {of B 27 THMER +dUCE 12L:12D7F HFH A&

25°C incubator 2t =2, 2

=2
Ot
rE
1=
Ojo
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o
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w Ko ==Lt o ot

rr

SR7F £ 0f, BE Y2 0.5ml microtube St £ HCISH CH2, 1.5ml tubed| &

F-'l
il
HI

M 220 22ttt =02l E 90 =2 O[=tEaE O[&3 Ot

rot

CHS, 1ml &
AZ|E 0| 83t0 xmiz| o 222 7HEA o ¥ WE =, 200t2[% & 2742| tubelf| LiH
S UALCE '5,000rpm, 4°C, 522 ez AHEE|E Mot CHZ, SFEHY 221 hemolymph

£ €2 U7 g tubel UL,



8. Glucose measurement.

Io

Hemolymph& 0| &3%}0, X BSA 2mg/mIE &3l THHE H&S HAISIRACE 5|4 H|E
2 20HHZ SIRACH, dwE 3|M S EIHSHA D, standard curveE &3l 595nmOf|A{2] O.DEL
2 58 22| s & A LHSHRULCE Glucose &&= 8 1X PBSE AHE510] 2082 3| A5t
R0, Glucose assay reagent(Sigma-Aldrich, St. Louis, MO, USA; catalog number G3293)&
AHE SR D standard curve g2 8HA D-(+)-Glucose(St. Louis, MO, USA,; catalog
number G3285)2 AtE5t ALt 2082 3|45 hemolymphOfl 990ul2| Glucose assay
reagentE @2 Ch2 158352 420X incubationdt R CE 12|11 96 well plateo

100ul™ & 71 CtZ, spectrometera O| &30 340nmO| A2 O.DZtS FESIRALE 12

1 standard curveE O|88ll glucosel s =& FSIRALCE 127

TrehalaseE O|83%t0 O M5t glucose s =& FHSIOAL StUCE 208 B A5

gjo

hemolymphOi| Trehalase (St. Louis, MO, USA; catalog number T8778) 1ul& €2 LCts,
37°C water bathOi| 24A[Zt incubation SFRICH 24A|7F Bt =, 990ul2| Glucose assay

reagentS 22 CtS 15252 420X incubationdtRICt 12|11 glucose s= FEt

€2 Yy Z 0.Du= Yo, 0| X2} SFRALE

BOX} St xObe|o] fEAES 242 27HK| 72 vialofl 100H2[% B ATt SHLES| vialoff
= Yot A4S Lot HYU=X| 2e1Z 7| A 1% agar, 5% sucrose, and 1%

blue food dyel| =g = 45 WSAL, CHE otLt= HET2 2N EHEF foodS Z=d}
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USP149| 1} &&0f }E PERIOD 2Hd/d =9l

XIOb2| LHOJA USP140| MK 2| & CHHE PERIOD £380f O{E A ZtoSt=X| 2+015}7|
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ATkE) IEOIM S EZT 6| LIS 0 PERIOD QHEA0| HOK 252 FCh UYl, &
CHE 4215 ROl TIMELESSE & 18 25 2 Xt0| 8l0| LW LIEtE 852

SR (2 1]
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USP140| PERIOD THEOf| #H[F B2t &= TH7(0 O Y= Fot

mjo

A HCE USP142 1 Yodgh Xnt2| 2F0|A PERIODYO| 2 7T 200]| o st 2ot
2|9 FE & E2|3t CHS, mass spectrometryS SollAl £4A5IQICH O Z1}, PERIOD Tl
Ho|M fHIF EISI| Feks O|X|& 37kX| & lysine ZH7| K53, K1117, K11182 &gt &
7b AULE. LysineS alanineL 2 X[2HStEH {H| | Elot7t 27ts8HX| 7| 20| THEEE 25|

7t AMZE =L ol2{et A S 7|gte 2, 2} AIO|ES| 7|0 =& =eldty| I3, 37FX] A0

_

E

i

7tst =2l single mutation(PERK3A, PERK17A. PERK'1184) double mutation(PERK®34
K1117AI PERKSSA K1118A, PERK1117A K1118A)l triple mutation(PERK53A K1117A K1118A)% E—I|:— I:IJ-%O-I 7_|I-7_|I-
o 2 &0 A PERIODS| HE-d S 2 QI5t aX} Ut CHE dE3h= EEl, double mutation &
'K1117A K1118A'0f| A PERIODS| 237} AHM|7t &= 252 =2fole +=7F /UL 0| &
S, K11172 K11182| 27kX| TH7| 7 SA[0f X|2H0| =[S [, PERIODS| 237t X7t &

1 g0l SItetttE AtdE € 5 ARUCH [AE7]

M AILE Soff, K111710F K11180] FH|F El=te] o TH7[Y2 7PdstD USP147t
PERIODS| 27tX| 7|7t K| 2=l pERKT7A KIT18AQ) OfTH HEkS FEX| QIS AXt 0 7|&
PERIOD®} CtE ZLIME EO|=X| H|WSF AKXt HCH O ZDf, £H7[7F X|2Ho] =l pERKTT7A

EAOIL A USP140] 2|SH PERIOD 2HE-80| Al2tE S Sold =7t ARAC



SHIFIE! Z7|7} X|gto] & xunt2|oj|A PERIOD T tH3t Sl Md2|stof| OjX[= FE

wHIF EI=t AFO|E Q] X|2tof HE Z=Tt2| 2| PERIOD ‘M| 2|5 HetE ZASH| I3,
PERIODS| & SH|F|EIS} AO|E QI lysine 1117, lysine 11182] X|& O{ &0 e, CHE=Z 1t

Xlgto] & xnje| 5= #4350 121:12D2] 7|2 HSA|IZACL O|=, ZT AjZttigz =
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n
i
0x

Ht S™YO| mhef 25310 PERIOD CHH A A4S QAE ERO0Z =HSIQALCT
, Hah AF9| =nt2|0 M= PERIODZt A =O0HX|= dAS EQl 8HH PERIOD

HIF| Bl AFO|EZF X[gho] &l Z=hp2| & W= 2402t S¢ 28t s &

r
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0

ACH [ E 8] O|E Sdlf, MH 2| S Tt E PERIODS| FH|FEISIO| ALO|E QI |ysine 11171t
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ULCH.
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2 A3 AME SolA, 27LX| lysine site@ 11171t 1118 siteE SA|0| X|&H0| = PERIOD
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ZT(hr) 4 8 12 16
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3 6. USP142 1 L3iA|ZI X1}2|2} control #2| life span 3}

male female
1.0 1.0 -
— 081 0.8 4
©
=
c 0.6 0.6
-}
w
T 0.4 0.4
—
0
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Table1. Summary of changes in lifespan and their statistical significance in adult files

o . Log-Rank Cox Proportional Hazard Analysis
gender genotype Mean LS Median LS n (;Vldgir:nME;f Chi Squagrc P Value HR 11’ Value 95% CI
male tim=lacZ 39.6 40 600 284.9 <0.0001 0.39  <0.0001  [0.343, 0.438]
tim=USP14-HA 31.4 30 602 25.0
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tim>USP14-HA 322 30 600 11.8
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Circadian rhythms refer to physiological, biochemical, and behavioral changes
that occur on an approximately 24-hour cycle. Through these rhythms, organisms
appropriately regulate various physiological activities within the body via
neurological and hormonal control. Disruptions to these circadian rhythms can
harm health, leading to sleep disorders, irregular eating habits, and increasing

susceptibility to serious illnesses, as previous studies have demonstrated.

In this study, we aimed to discover and functionally evaluate factors
contributing to the stability of circadian rhythm proteins, PERIOD and TIMELESS,
and to identify the ubiquitin sites involved in the degradation of these proteins.
The key factor introduced here is the deubiquitinase enzyme, Ubiquitin-specific

peptidase 14 (USP14), and we will explain the functional assessment of USP14.

In Drosophila, overexpressing the deubiquitinase USP14, we observed that the
protein levels of the circadian rhythm protein PERIOD decreased, while the mRNA
levels showed no significant change. Additionally, physiological changes were
noted in Drosophila overexpressing USP14, including increased food intake and a

shorter lifespan compared to the control group.

Previous studies have elucidated much about the mechanisms of circadian

rhythms and the synthesis and degradation of related proteins, but the



ubiquitination sites of the PERIOD protein have not been clearly identified.
Through protein mass spectrometry, we identified lysine 1117 and lysine 1118 on
the circadian rhythm protein PERIOD as contributing to its stability. When these
two sites were substituted with another amino acid, alanine, the PERIOD protein
lost its rhythmic oscillation observed in the control group, accumulated without

degradation during daytime, and increased food intake.

In conclusion, this study identifies USP14 as a novel factor affecting the
degradation of the PERIOD protein, confirming that USP14 plays a critical role in
the stability of PERIOD protein within the organism. This research makes a
significant contribution to the study of circadian rhythms and related diseases
and provides important insights for physiological research across various

organisms.
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