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V. 2 2 ZEE M

Il. Materials

1) Reagents

Gelatin type A(90-110g, low molecule), Sodium alginate, Acetic acid (60.05g/mol), DW, Tryphan
blue stain (0.4%)

2) Apparatus
pipette
3) Instruments

Centrifuge, Microscope, Water bath

lll. Methods

1) Coacervate M=

@ Gelatin AZ DWO| 1% HES =0 £ 10ml 2 THEAChw/wh)
+A2 1 DWE WA Y1, Gelatin AS AAS] F7IeHHA] THEATE

@ Sodium alginateE DWOI| 0.5% HTE% =0 & 10ml T=ACh(w/w%)
+41& mf DWE WAl 241, Sodium alginateE AlAlc] F7IsHHA] THERUCE

e
@ 37°C water bathOo]A] =0} (F4 408 0Old)

@ 0.5M acetic acid 1ml TFEQICE (31.2ul Acetic acid + 968.8ul DW)
® Tryphan blue staing DWE O|&3t0] 108 SIAGHACE

® OO F&ORE Tryphan blue stainO] @& coacervateE A&GHALT.
* DW — Acetic acid — Gelatin A — Sodium alginate A1Z EOMH, ZF THAOIC} gentle
mixing SIFRACE

+ T EMAKZE 0]2310] Z+ Coacervate®] pHE ANFOT =AEILCY

B[}

65



. 20228H3% 137| S5 4

7
CHA UNIVERSITY

0.5M 1% 0.5%
Gﬁ‘l/%SA acetic acid gelatin A sodium alginate [()LY'\)/ t?J Sl
(ul) (ul) (ul)
1:0.4 5 250 200 545 1000
1:0.4 25 250 200 525 1000
1:0.4 50 250 200 500 1000
1:0.4 150 250 200 400 1000

@ OFHe] =8O Z Tryphan blue coacervateE AAFSIALCE

* DW — Acetic acid = Gelatin A = Tryphan blue — Sodium alginate A= EOTH,

ZF TEAACE gentle mixingdfiFSICH

GA/SA Bl U%e e 108 SI8E - 5y total
Hig acetic acid gelatin A sodium alginate tryphan blue W) W)
(ul) (ul) (ul) (ul)

1:04 5 250 200 100 445 1000
1:0.4 25 250 200 100 425 1000
1:04 50 250 200 100 400 1000
1:0.4 150 250 200 100 300 1000
AZESE sampleg &t AnjZo02 WESIITH
© Tryphan blue’} E017t coacervate sample 2 1008} S]A1%l Tryphan blue solutionS

centrifuge 13500rpm/10min& &t Tryphan blue coacervate@} Tryphan blue solution®]

o] HolE

IV. Results

1) Empty coacervate

66

(5 ul)
Figl. Empty coacervate A, RIZEHE| 0.5M acetic acid 5, 25, 50, 150ul &7}

PEBISIL,

{25 ul)

<50 ul)

{150 ul)
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7

- pH 58

Fig2. 2|lEHAXIE 0|83t empty coacervate?| pH 53, ZLE]
0.5Maceticacidb,25,50,150ul&7I5t coacervation 221} 0.5M acetic acid2H

2) Tryphan blue coacervate

[

ARZ A

<5 ul) (25 ul) (560 ul) {150 ul)

Fig3. Tryphan blue coacervate ME2|7| E2|7] H AR,
2IZEE| 0.5M acetic acid 5, 25, 50, 150ul &7}
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(5 ul) (25 ul) <50 ul) {150 ul) (=)

Figd. Tryphan blue coacervate BMEZ|7| E2|7] & AZl, YZLE 0.5M acetic acid 5, 25, 50, 150ul 712}
Oi=at

* 100t 3|MEl Tryphan blue solution® CHEFOZ AMESIAULE.

V. Discussion

>~

O]

a4

150 A1% Gelatin type A (GA)Q} Sodium Alginate (SA)E 0]83510] pHOl WE coacervate©)
FEFSIATE Complex coacervation®] YEO0F T/ A2 THE FSHE W& polymer ARO]9)
F71A QlEeg =3l A7) m20] coacervationO] M7= AYSt pH SHES THE0] F= 0]
QBITE GAE T-9 ALOI9] pl gt AlEA] OJHLCE W pHOllA= S&6HE WL ofiE pHOlA] SA

TZ29] mannuronic acid?} guluronic acidQ| carboxyl groupl] S&1619} ASAREEI0] coacervation
£ M8} Guluronic acid®} mannuronic acid®] pKa Zre 247t 3.38, 3.65 OJCh

il
(=X
=

o0
N
B

Of

Coacervationg AMZg Wi= pH7F 2 Faks HXlE UE AZX Al Alks e A7 SQ6It
4 coacervationg Fot] RloliAl= GAZE AH SFE0A] ZXletz SHEE|0joF SHEE acetic acid
£ GAHCH HA] o] AEsH pH 21 & 0] Fojof Sith T2]a] GAE BOHM coacervationO]
HIZ 4% HEZ encapsulationstalAl k= 2191 tryphan blueE GAHCE WAl Yoo SHL

Coacervation®] @4 FFE &Ql5t7] flst] Eeet @] = &4 o, Lelinds sot
HEHEPHE Ol&5IRIEE Empty coacervationat tryphan blue coacervation H5 acetic acidg 5ul
ge 71 EmEYT (Clear) 25ul O S QOIEE ERIAY] Ao, RE Soloji] A
(precipitation) 2 A7|X] LU} WEEA acetic acidE 25, 50, 150ul B2 N0lA coacervationO]
SAET] 2=} pH meter?)7 QOB S ASs pHE 2R 4k Q9OL} ZIEMAK|Z
FaRoz 2ot 2 GA9| pl g SA9| pKa #ts EU= A6l HUS w, pH 4~7 AJ019] APE3A
oA A= Aok ==k
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i
=
HI
L

] ZojAlE &gt &ln

0x

S S0 A2 A= OIFOIXIR] ZJILE Ol= A o] Zstainiao)]
Hi€0] CoacervationS HaSH 4= QJSUE SES| IA| LU7| 2ol st A 2 4= QT
CHE, ATt dsto] st ORI Al50IA] Coacervates HEGIAET], ©F 0,1 4, mO] HE IO
9l coacervateE & = AUCH

centrifugeE =¢ tryphan blue coacervateE1008] ]A1% tryphan blue solutionx} H]ulgt A
HH acetic acid 5ul F7Fot A& FQstil= 94 O] ulgt Ao] 4 dieko] HHOZ X<
A

S slolst 4= QUL E3F| acetic acidE 150ul @& SH0AE AEHo] SHls] FHEZR

p
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1. Al

» Circular RNAS 0|28l macrophage?| polarization =X

2. %7 25

- Macrophage0l] £XGF= circular RNAZ upregulation, downregulation A|Z|ALY, TFE Al 3ZOIA]
ZER5k= circular RNASS macrophageOll Al EXHAAIA, MO AERO] = macrophageE M1 F+=
M2 AENS] macrophage®] E=SH(differentiation), == M1 AHENS] macrophageE M2

macrophage®, M2 macrophageS M1 macrophage® RSIAZ| 1A} SHCH

- O]ZA| Macrophage®| polarizationS circular RNAE E3510] &GO A macrophage?)

polarizationi} circular RNAS] #AE 6], P51 HHE tjst AshE9] M2 X5 3HF

S MISotaR} etk

3. &8 Zd 3+

{Circular RNA circPPM1F modulates M1 macrophage activation and pancreatic islet

inflammation in type 1 diabetes mellitus) Theranostics, Caiyan Zhang

T1DM 2HRI9]  peripheral blood mononuclear cell (PBMC)OIA  circRNA expression®
genome-wide 2415103, IA| upregulation®l circRNA circPPM1FE AHSIATE

L

S
/be

SN circular RNAX= NF-kB signalingS SFAMA]A, LPS-induced M1 macrophage®] &
promotestLE T12iSH O]9 circPPMIFES HuRY} ZHE O &2 ASERS10] PPM1FQ] &l 9|
3l NF-kB signalingol] thst PPM1FQ] SRl &5}6l9l7] wj2olct,

S
-

-

tA

PPMIF g|2&= M1 JAHIZEE 45kl STZ Sk Bk I 4= QI
AR O 229 Ht= circPPM1F7F TIDMO] 7idhol Q¢ 9sts 5H1l Q1o T1DMo tist

FAEQ Xs =RE AAlSHL AT

5t EIF4A39} FUSE =2 439 circ PPMIF 938 KXo Folgitk= AL v-AZIC
< 0O
= 1
oloO
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.41 L2 2 38 LI
» Macrophage?2| polarization

TNF-a

¢ . WAATA Mld“ ‘¢ TNFa,lL-17A PO
“I //-7 17 type 1 cytokines inflammatory
4,4 H'“--u.l y

IL-13 Mz{‘i NPT EE Anti-

IL-4 . :'( { 1“' type 2 cytokines inflammatory

(1) M1 macrophage

- lipopolysaccharide(LPS), IFN-y S0| 2|5}0] classically activated®! macrophage©]C}.

0

- pro-inflammatory cytokined} chemokineS EHIGHH, H¥TES ¥AGH], WY B2 JAJSHT

- HiE|gjo}e} HlolHARER HS6l] Q6] AsFRIA(NO) T reactive oxygen intermediates
RODE HESH.

(2) M2 macrophage
- TL-4, TL-109} Z< cytokine =50 2|5}0] alternatively activated®! macrophageO]C}.

- Arginase-1, IL-10, TGF-B £ anti-inflammatoryS 2H|510], 9Z2 ZA4A17]1, £ A&t

wol ofF] 7152 i MM Alnet £ siEo) Ead o@e Sk

(3) Macrophage polarization

- ZA9 repairingd} homeostasis FAlO] LS WHOIMH, macrophage’}  specificet
microenvironmental stimulix} signalol] BF26H0] E=E35FA] TP %]+= functional phenotypesS
= JEOITE

* circular RNA

(1) circular RNAZH?

Transcription & pre-mRNA”} mature mRNAZ T7] Q510 intronS AAdhk= splicing 13
oAl back splicing®l Qlat0] M7= Y80 thal 71Eh RNAOICH
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O]ZA back splicingd] 95t0] M7)= circular RNAS TA exonQZE O|F0|& U=
CeRNA(circular exonic RNA), intron@ZHF O]F0{A Q1= CiRNA(circular intronic RNA), exona}
intron© 2 O]F0JA U= ElciRNA(exon-intron circular RNA)O&E LEF|OAITY

circular RNAE non-coding RNA(McRNA)Z EFELE B circRNAE EPWAIS codingsr 4=

91O, ORF(open reading frames)E 71Xl QU= BLE QT

AuFAQl liner form@ mRNAQ} TFEA|, covalently close 7+AE 7HK]al 1o, 12 Q1510
exonucleaseo]| TS AehEE 7P mRNASQL Hlwlsh ATHEOZ OFAR0] 11, ¥ 7] (half-life) 7} AL

Circular RNAE HIOJHARE] LRF7IA TS ol A EAlicHH, 2 MlZdo] SIS

T2, splicingS SallAl THEOIA]7] whizoll, sHolA] THESOIRI= circular RNAZF OJEA] Siurs
St AlEdo] S o A= A= OF4] EeiXIA] &UT

slig Sleoll thgh = 72 M7t E8sh= IFEolA o] ARZFE mf, circular RNAZF AR
LI=Chs 710N, a8 7R 20] LojUK] = AEMIZOIME circular RNAZF AIEEO] E11
SP7] w20l ATE0] Tha Hojxlnt,

(2) circular RNAS| 7|51t Of|A|
- transcriptional regulation (g, b)

SEPALLATAS39] exon 6FHOZEEE THEO{A|+= circSEP39] A< host DNA locusdl] bindingahH
L}, transcriptional pausingd} splicing factorE recruitmentA]Z]E= DNA-RNA hybrid ¥+ R-loop
£ dstOER] exon 6-skipped¥l variant mRNAS] sLE SFAAIZICH

012} HIZ=5HA, circSMARCASE R-loopE SETOZEM SMARCAS exonl59| transcriptions S5

AlZ1al, 2 QI5}0, truncated nonfunctional isoformE upregulation$HC}.,

exonAlo]of intronO] HOIR= circRNA(exon-intron circRNA, EIciRNA)= Ul small nuclear
ribonucleoprotein®} snRNA-EICiRNAC] RNA-RNA interactionES =of] 2grsr 4= %19131, O|& ol

S10] Pol 111} €17 parental gene promoterolA] ASARES 610], #H genes0] S SHIAIZICH
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mlli\l Largetl 'nR\\

ribosome

e

a N[ e mm

I:IIR.’\-:"L Ll :w n

O d
|||| '

%zz;ﬁg , "\J TR

||||1

nucleus :
cytoplasm FTO

splicing 1A & lariat O =5 E A% circular intronic RNA(CIRNA)= 1Y circRNA7} BHE01Z]
3o =/E 4 QQOm, elongating Pol 1S FTASIOZMR] parental geneQ HAS SHAAIFICE

- miRNA sponging (c)

5

ATEO] circular RNAZF miRNAQ} competing endogenous RNA (ceRNA)Q] sponge=A Q]
Sith= Z1€ &9otal Qr,

T A=

mo rio

o
O

ok

71 %= CDRlas= conserved® miR-7 binding siteE 7}A|al QO tumor progressiond} 2%
miR-79] target mRNAQ] s+-E SFAAIZICE T5F miR-7S spongingetCEM4] CDR1ass zebrafish
O] midbrain®] W&} CIFer 29| Fgiof Hofsit

miRQ} B2 circPan3%] A2, interleukin-13 receptor subunit (IL-13Ra1)E& encodingoh=
mRNAO] bindingSrO=A mRNAQ] QYEAS SHIAIZOEMN intestinal stem cellE FAIAIZICH

BWDJ, %%% =9 circular RNAZF TR BARE (miR, protein 5) OEA| 2S2RE510], Qn|la,
WE JO7|=Al= OFEZIA] EREGIT

i
JI){I
T
rolI
Fol

- translation into protein (e, f)

circular RNAQ] A< 5capd} 3'poly A tailo] E/517] whEol], cap-independentS =aiATH
translation0] ZIBEIC} circular RNAQ] translation pathways= A 27FK= m6A-mediated

translation} internal ribosome entry site(IRES)E =3t translation0] ZA|SHC}
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HA], mbA= 7F& S8 RNA modificationO]™, circular RNAQ] m6A-modification circular
RNA9] nuclear export, degradation, biogenesisS CFFSH metabolismo]]

ZMHOAE elF4G2, YTHDF31} circRNA ARO]9] interactionS
translationo] ggks

Asks M)X|H, translation
ZFASOZM circular RNAQ]
internal ribosome entry site (IRES)S &3 translation IRESE 7K1 ¥
dojd = o, AFAFS

AN
2 ribosomeS recruitold] translationsS &l
O] ¥7}X] translation BHHS Az &4

+= circular RNAOJAEH
IRES-mediated translation®] &

o 1

ge & QAom, olE 501 mbA:= circZNF6099)
S5 A &
RNAQ] A2, IRES-independentst BA]OF

QO TSl infinite ORFE 7FX]3! Q&= circular
ot rolling circle amplifications 49 lineardE] Q]
transcription 20} 1008 O =& MAMES 7HRIC
circular RNAO]| 9lal] &S5l peptides= LEFEQ1 peptide HCF ZOH, siE peptide®] 7|52
CHRE AA| Zolo] thlEt ARSI

SHAlE &

Q. circular RNAOIA S
Lo a3y
o= T o

== 7]

3} Q18 RIS

T 27T s

host gene producty} SHZ&E O AL AK]0]
SH71% St} (ex: circFND3B-218aa)
0|48t ‘Ail= human proteome?]

= =
== ]r‘?go

o)

171% SHRIEL circular RNA translation®] & WA
L&} translation® elongation, terminationo] thalo] F&G] B AIA] ZUATE
- protein interaction (d)

9hA] 498t RNA Binding protein (RBP)O2], metabolism, Pol 12J0%E TR thifd
25HH, Tieksk Me)skA 2 We|skE contextoll Al
C}

=Sl pAg=rNy
TN O] decoy, scaffold, recruiter, O] =0] 2oish
TS THEEIO] SRS HIFLALY} interactionS mediatedto]
Z 4 QOm, tEnE

CHIE Z10) interactiong 23k, SRA|
-DNA, RNA 719] interaction'= 3}l aF=IAIZ &=
SHLEQ) circRNA:= TH Thal

QALY

CH thlEo] SEEOZ dslehAL T S4ofA] olg] thZEa} interaction
0] 7¥s5H}. sk RBP= circular RNAQ] subgroupdt 286107 circular RNA-protein complex
(circRNP) family (IGF2BP3)E &MsH|= SH

T12LE, bicinformatic EAJ0f =M, circular RNAE linear RNAKECH WS RBP binding densityS
7HRAL Qlon, Ol B

o1

circRNAZ} BHiZEl} ASEEs

St & ol
=

T Qg LIERDL
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« O|tH A10f| AF2 S S H circular RNAS
(1) circPPM1F (hsa_circ_0062444)

0] 4291nt, PPM1F transcript®] TFAIEF 3HA exonOl|A] back-spliced®|0] EHSO{A]= circular
RNAO|H exonic circular RNAOIC},

IKK-NF-kB pathway?Q] negative regulator PPM1F9] translation BHAI0IA HuR(RNA binding
protein®] ¥X)& F11 A™SI0] PPM1F9Q] translationS SAIAIZITY.

71 A1}, NF-«B pathway (p-p65)& &&AIA, IL-6, TNF-a, CXCL10 S M1 macrophage ¥&

genes &g RAGHT
(2) circHECTD1

HECTD1(HECT domain E3 ubiquitin protein ligase 1)& translation 1FH0|A RSO ZR NF-k
B pathwayZ A5}, M2 polarizationol] ZA Q1 ROS A4, ER stress, autophagySeS {fLeoh=
7ZC3H12A9] ubiquitinationE ©&IAIAH M2 macrophageZ9] polarizationS SHAIAIZITE

(3) circPan3

Interleukin-13 receptor subunit (IL-13Ra1) mRNAO| bindingst] mRNAQ] QFEAS SFAAIZ]
Ch T, 3id 2H20] macrophageollA] SSHAl AHESITHH, IL-13-STAT6Y} Z0] M2 macrophage

polarizaitonS EXIAIZ|= geneS AFSIAIF, M2 macrophage polarizationS EXAIZ AL oA=L
(4) circCPA4

Let-7 miRNAE spongeotdd, let-7 miRNA9Q] target mRNAS & SHLIQ! PD-L1 mRNAES Alsk

Sl

o

PD-L19] SFAME Erk/Akt/mTOR BZRE &3] M2 polarizationS GESH 4~

Ooll

(5) circ_has_0072309
Ppar-7/Pten A2E &45}5171, Pisk/Akt/mTOR pathwayS JA|SH}

Ppar-7<2 heme-oxygenase-1(HO-1) mRNAS QVASKsHL!, Ppar-v@F HO-12 M2 macrophage

polarizationS SFAIAIZICE
(6) circAmotl1
STAT3SQ} ASAEFESIO Al STAT3C mRNA WSS =0|11, STAT39 nuclear trasnlocationS

AsksHA sitt SOz S0i7F nuclear STAT37F DNMT3a promoterdl] bindingsto] DNMT3a2)
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Hols

transcriptionS SFAIAIZIC}E DNMT3aE miR-17 promoterS methylationA]#, miR-17-5p2)
Q1 STATS, fibronectin, DNMT3aQ] dtsl AISFAIZICE

LAANZOZM miR-179] target genes
STAT39} nuclear STAT3E M2 polarizationd]] Zojsl= THHRAIZ g thzElo] Ak

polarizations SFIAIA ZOZ O AT,

miR-17-5p= AML1 mRNAO|| Z%6t0] e genef)

Do

M

rio

CHRA] 9SS OF|5H0] M-CSFRES sk

A
HHJE, miR-17-5pE AAIE B, M-CSFRO| ASFEA 0], M2 macrophage polarizationS
£ SFAAIA M2 macrophage polarizationS SHIAIZ HOE

ZZIA7|= M-CSF, IL-34 pathwayS

EOO

i

|4}

2

5k c-myco] bindingalo] s THHZAIO] OFAA T} nuclear translocationS
downstream geneS SFAMAIZICE c-mycs= M2 macrophage®] markerm= ZHE6HH, M2 polarlzatlonoﬂ

hofgic},

5. H2F0| -1 Hi
Slafikie MEZOIA circular RNAS: F&510] B B S20] 8o}
Zolr,

F= Zl0] g

oy A5 A=A el
Al O|RoIRoksHY TWHE AlH
HA] AREOIA circular RNAS &
/\] 04 7(7{_‘%: ;;:(

=
AYE9 sEEE =0]al =
oA, MlREoIA] PEshAl OJoF circular RNAS F=
=S M1 macrophage,

Gill=s
circular RNAZ C}E= Ao o]w- A
_‘:'TGHX]E{, HAMOT ZSH circular RN
TR 2 A&k Zglst Aot

Y5k= circular RNA PCRO] &

al,
M2 macrophage, MO macrophageo] AsH] {15t vectorS
olod, M1 M22 EA71E Z1S SA0)

S0 &y W AlY RAS

ofo] IRl & S3cke AE

0

OO

51

HEEOR 4

fjo

SEECR)
re Aot

ot AISaPE Y} TFRAC] Z420l4] macrophageE $&5

0] Al
Agigt 7ol
715 &= vectorE M1, M2 macrophaged]] AM1510] sl AZojA EF circRNAV} ZORE
T oS SA=0] UOLEH, SAJ0] siRNAS O]&5 Z2 circRNAZ knock downstiE o ojmst
SA0] ojLl= A LokE Ao]Ch
T84, oY AlgEs0] FgeA JdEs e FIE 018610 in vivoolk] EF circRNAE
ofleS W M7|= oo thisto] YokE Z0|Tth

overexpression, suppressionS Sl S
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6. Al AN 8) ZRO|ASS
(1) - Circular RNAZ2] overexpression

Choned circBhA

coftV
EcoRl Paci E Faal Xhol

F circRNA overexpression

WETE KPR CONMTIMACT O WeCTOr QeI
transcription (g plasmid, ARV vecton, adenoviral vector]
e
backsplicir

) O

facilitated by inverted flanking repeats

circular RNAE overexpressionAl7]7] Q610] AF2GH= BHHE vectord] circular RNAS JH6R=
AIHAACR} transcription F circular form & SXIE 4= Q= vHEEQ1 Y (Aly, circular RNA
upstream squence )1} sY FHEAQ1 Aol AHA

A- circular RNA 74 squence - HHZ AJQB (AQ AQ} AHZE]Q] AT £O07 AT

re
iy
oo
fljo
O
T
>
30
Ir
o
e,
o
[z
B[’
Rod
e

1 & A& TEE0IA vectorS electroporation, liposome, AAV S 0182310] cell Qo] B0 circular

RNAE overexpressionA|ZIC},

(2)  Circular RNAQ| purification / PCR

Divergent primer Drergent primear
pre-mRNA R E d
g—— —
5 3
Exonl i Exon2 Exen3 Exond i Exon5
& Circularizing exons )
Fa _ Backsplicing i

—

! S Template for
] circRNA "t~ primer design o
(et P = —

R
e Divergent prmers
¥ %100 nt

PCR A& Ao A, circular RNAQ] PCRE Xdl5H| QIaiAl= divergent primer’} E Q5T
e primere &4 WeFOE Skl AUFAQl HERQ] primerd} TIEA| &% 2 WSFOE Sk6HA
CIRRRIE] = 0] EZOILY, offer BWHA]Q] primer7t RS O]F+= YWFHQl primer] A<, circular

o

RNAQI RNAE & T Exllck=Hlo] AFSE 4= JRE, & Z& ekobA BH=i= divergent primer©)
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a1, B0 Q= circular RNAOIAEH AREEIOIE = Q7] WO,

=Tl

K], KEZOA] HE RNAS Z=0! 5|, RNase RE A2|510] DUFAQ] linear form@] RNAX= &|JASH
T RNaseo] A< 7HKal Q= circular RNA YASH= purificationS RIS}

71 &, random primer®@} reverse transcriptaseS O]235}0] AR circular RNAS
cDNAE 4sITh

circular form
nREO 2 nj2] CIAIISH divergent primerE O]&810] {GH= circular RNAS SEAIZICH

(3) Circular RNA suppression

A-E circRNA repression strategies

A siRNA mmmm
i

bss

B LNA

o O

k circRMA genome locus
13

E CRISPR/Casl3 FONA

Al Adu
aboment ehermenit
l,.l\|MlN"'
[
] K
C deletion of D

deletion of flanking

circRNA coding gDMNA ALU elements
l CCE ) =-:_:-:
]
RNA degradation [— e )

no backsplicing

no circRNA expression no circRNA expression

circular RNAEF suppressionoh= B AMZAHCH ti 7SR Z1 O]f+= circular RNAZ}

splicing V8 Z0f A717] W20, siE circular RNAS 2RI5HICHF mRNAQ] BFdo) ¢eks n)zl
g Q7] WEOICE

T1E7) W20l circular RNAQ] AJAAE FEAOF AMoJ5H|HER= circular RNA7} TFSOJR| =
W = WE0jX= Ho] geke NXle A8 86k dRg 2 ARESITH
circular RNAE AA|ch= B IA circular RNA9] back-splicing site(bss) S
9] 9} circular RNA 8490] g&ke nmjx|=
T} QUCh

E3} degradation
ANHAAES AABIO circular RNAS OIRIGH= B0]

circular RNA &9] g8k D)X= AIEAEES  circular RNAS FH6R= AJEAQ} transcription©]

28 & M7= RNAZ} circular form §45k= Hlo 710I6k= circular RNAE 85k AIEAC]
U & HEEQl GIALo] of7]0]) sHETlTt,
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1. Reference

80

Circular RNA circPPM1F modulate M1 macrophage activation and pancreatic islet inflammation
in type 1 diabetes mellitus (2020.10)

CircRNA mediates silica-induced macrophage activation via HECTD1/ZC3H12A-dependent
ubiquitination (2018. 1)

transcription factors STAT6 and KLF4 implement macrophage polarization via the dual
catalytic powers of MCPIP (2015.5)

Macrophage Regnase-1 deletion deteriorates liver ischemia/reperfusion injury through
regulation of macrophage polarization (2020.10)

[L-13 secreted by ILCZ2s promotes the self-renewal of intestinal stem cells through circular
RNA cirePan3 (2019.02)

The interlekin 13 pathway in human macrophage is modulated by microRNA-155 via direct
targeting of interleukin 13 receptor alphal (2011.01)

IL-4 and IL-13 employ discrete signaling pathways for target gene expression in alternatively
activate monocytes/macrophage (2013.01)

circular RNA circ-CPA4/let-7 miRNA/PD-L1 axis regulates cell growth, stemness, drug
resistance and immune evasion in non-small cell lung cancer(NSCLC) (2020.08)

PD-L1 induces macrophage polarization toward the M2 phenotype via Erk/Akt/mTOR
(2021.05)

clruclar RNA circCPA4 promotes tumorigenesis by regulation miR-214-3p/TGIF in lung cancer
(2021.10)

PPARY stabilizes HO-1 mRNA in monocyes/macrophages which affects IFN-8 (2011. 07)
Heme oxygenase-1 and anti-inflammatory M2 macrophage (2018.12)

activation of PPARy induces macrophage polarization and reduces neutrophil migration (2020.05)
Akt signaling in macrophage polarizzation, survival, atherocsclerosis (2019.5)

circular RNA has_circ_007309 inhibits the proliferation, invasion and migration of gastric
cancer cells via inhition of PISK/AKT signaling by activating PPARy/PTEN signaling
(2021.05)

MEKS/ERKS signaling mediates IL-4-induced M2 macrophage differention through regulation
c-myc expression (2020.10)

the twin cytokine interleukin 34 and CSF-1: masterful conduction of macrophage homeostasis
(2021.01)

the circular RNA interacts with STATS, Increasing its nulcar translocation and wound repair
my modulation dnmta and miR-17 function (2017. 09)

[L-34 and CSF-1 display an equivalent macrophage differentiation ability but a different
polarization potential (2018.01)

circular RNA: metabolism, functions and interaction with proteins (2020)

a highly efficient strategy for overexpressing circRNAs
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Abl

1. 9xot B0 Fst 4%
1. Principle & Theory : A8 0|2
L1 9%
12. 55

13. K,0ro, (384t ZE [potassium chromate])

2. Apparatus & Reagents : AFE 7]5+ & AX]
2.1. Ago] AFES 714

2.2. ARo] AkgSt B4

3. Procedure : A M

4. Result : &9 Ay}

5. Discussion : 2o thgh a1z

6. Reference : &1l A&

I. & 35 89 Alx 2 FF3lo) 36 4d

=

1. Principle & Theory : A5 o]2
11 35 89

1.2. & EZ(standard substance)
1.3. HE Q=X AJAIKmethyl orange)

2. Apparatus & Reagents : ARE 717+ 2 AX]
2.1. Ago] ARESE 714

2.2. Jo] AtES =2

5. Discussion : Aol thgt 11z

6. Reference : &3l A&

82



V. 2 - ElL "‘Ex'l

. 29t EST0 &3t Ay
1. Principle & Theory

1.1. Y=(density)

- Hee 229 U] Ruld S29] Ao, SI HRIZE= kg/m?OIT
=z 2k
He - =20 _m 3 =
S EEn P % [k:g/m , g/ml 5]

1.2. 25X (molarity)

ol B4E LERICE U9l

- golo] St EA WHO] ShIR, 89 1L ol 0F U 8
= 718 M EE= mol/L 2 BAISI] Eshe 71 o] AIRBEe s FAHOIC

1.3. K,0r0, (AEM ZF [potassium chromate])

- O ZEYHOE, et ARPEAS] 2ol 89 % 7}* alistod @7lds L=,

= = =
o710l Ate ¥l ESASMA(K, Cr,0,)2 Wdstal 80| Ftt A 4] AlZ, FRE
ot 7ks0] 2, meAl So) 2oltk

- &S 20129 SAEHOIA RIAGFOE AO|=T, Ol WM G574 (4g,0r0,)2] THO]
Hol= Fe SYRo= she SEFEA™OIT,

2. Apparatus & Reagents
1. A0 A3t 7|
- BAE A, oA, Tt
- 100mL Ru] S2}A3, 50mL 7] E2kA~3 271, 100mL HIF 471, 50mL == AI-IE
- /\iollz lﬁa AEIE
2.2. A0 AFBSE=E

- NaCl(s), BRS, K,Cr0, NAIS, 01N AgNO, 58N

3. Procedure

(1) B48 A2 Fe FxXE g8 T I™FEskal, Nad(s) 2.296g2 SETHL
)9 NaCl(s) 2296gS 211 100mL HIAZ 0|88 2= XN S=rE
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(3) 100mL Fu] EekAd9] wadof B0 EF4+E MY 2.296%(w/v) Na =8NS THELE

4) 50mL F2 ATHE ol&d (39 29 21.8mLE Folo] 50mL Hu| ZehAdol gl

(6) 50mL Fu] E2tAd9] w=ailo] B0 SFFE MY 1% Vel 89S THELH

(6) 50mL = ATHE ol&d (39 9% 109mLE Foto] 50mL Hu| ZehAdol gl

(7) 50mL Fu] E2tAd9] x40 B0 SF7+E MY 05% Vel 89 THELH

®) G2+ (N9 gas Z1Z} 100mL HIA 20mLA B3l K, Cro, AACkS 224 Gojeir],

(9) AHCo] Helg AR5, 0.IN AgNo, TEHS FRISHT.

(10) A9 el =g &Ist T, 8)9 HIAE Fil 4AgNo, FE9NE F7KSiTh

(11) 899 Mol 2A Mg m A7IE HFIL =a& RISt o] e HIAZ (10~1D9)
WS HHEESIT

4. Result

- 1% NaCl 8% s S5z eMlshH 0.17MO]4l, 05% NaCl =84 0.086MO|TE

(HY: mb)
AR el =3 eSS WMo =3 HIkst AgNO;s(aq)?] S
1% NaCl(aq) 9.6 25.7 16.1
0.5% NaCl(ag) | 17.3 23.6 6.3
0.5% NaCl(ag) Il 9.8 1.4 1.6

A (B1) M7I$t AgNO,(aq)2l 21

- RISt 4gNO,(aq) TENO] B 0.INOE 1LY AgNO,7F 0.1mol E0IQLHT & 4= QITh
olof wet (FEDQ &7Iet AgNO,(aq)Q BUE Ol8d] 4gN0,9 Se 7 5= ATE 1%
NaCl(aq)Q}t HFZSH AgnN0,0] 2 0.00161mol, 05% NaCl(ag)@Qt HH2SH AgnN0,0] e
0.00079molO]C}.

30

- NaCl(ag)¥} AgNO,(ag)Q] HHSAI2 Thaah Tt

O] HHe& Safl g9l gt 2 da0] 47101, LEE Olzat 242 0]22 489 Mz EXeiCh

T o1 O

HZA & 892 SMOZ Wl 0|2 LJEE O]R0] F AHE1] LI, Thz9] HH80] Yot

84

Ag+ (aq) + NOS_(aq) + 2K+(aq) + CTOf_HAgZCTO4 (s, § )+ NOB_(aq)Jr 2K+(aq)

Of HkSoflA WY A254iK2(4g,0r0,) S50] Ehdleit.
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- 219 A AR} HSA0IA, NaClag)at 4gN0,(aq)2 22 1:19] HIEZ HEolEE + =29
HESSE 2 A2 AT 5, 1% NaCl(ag) olkl= NaCl 0.00161mol0], 0.5% NaCl(ag)ollAl=
0.00079mol0] HFSSIAL}. NaClO] SFStAZRE 58440|HF 1% &% 20mLoll= 0.0940844g9),
05% &% 20mLol= 0.0461676g2] NaCl O] E0IULE OlE Fa=AFE AIA Hhadold, 22}
0.094g1} 0.046g0]2H= %10l LICh

5. Discussion

O|2ROFZ 1% (w/v) NaCl 589 20ml o= 0.20g2] NaClo], 05% NaCl 429 20mLol= 0.10g
O] NaClo] £3iE|o] QIr}. SHRIEE Als] ATtz 1% $-29M0] 0.094g, 05% $~290] 0.046g0] S0IU
= Z108 AL o] @xjo] tist BAoR, AF IEES TIA] HESoHE7|2 sith

P

g (DolM, 248 Aol FxXE 8 = IFe -0 Asdle SHo] B = sithh,
OFA7} =0l HOIA| @8 Fez AshHA E2lo)7]e sile GFo] ESRITL NaCle)E Algsil
LA, Fhol Al S510] £0002g HE9] QAP EARle 71isA0] Ut QRIRlolA] Fa] EThAs
A8 NaClg &71= I Eoh &49s] A= 5 Qlrh

WEER)A @), ()04 MZisiEH, Fu] Sukad QoA NaClo] =0 =A Sali=lA]l ZATHA
71 YRS v HJUOE 71 Aok T BEo Hiel R A2 &9 NaCltho] FAKE

QAL
FelE o8l Adchz WEolME @Ak BASlS o ok 7o) 22 +8ds Eal AViehA
,woe |t gete] glsi AT Al o= MRSl nix] Aulx] Xot w52 Aol7t

AR QAR LERISAE HETH

2

E0L AVIE BEL HIAS s =00 @FE BRIS 7Hsd0] Atk HIAE 8t 3l g
1%2} 05% EH0lA ZA] X301, 2t HIA0 B2 A3 ZE RACke] g Fes] BEFAl
o 1

mh2ol, Ajo] Wk FET S9S Zolck Alzlo] ALkl L g S Bzl
Y WA 5 YT, 018 B 2 £8AS A/ KACE Eolo] YSUH AT ofEie
8 & shar

w/v RS2 e/ Folbls Wt ZA d2e o =), 0] Aok OlRHoR 19%2F
0.5%= 28 RIOI7F WIT SIAICH A Ag k= 2.048) RJOIZ, @APF 2L A7]E olf=
QRS Akt Wi Aol Higlsh A2 2ol viRileithe Alde maerd et = 527t
HIEFIRICRE Zis & o QUth TR AeiREs A9 Uik 2l o = AR 74 nie] ojdsial

= =
Friet 2 4 Yl WU DAoL
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6. Reference
(Principle & Theory)

Steven S. Zumdahl, [EE9] Qukskst) | CENGAGE, 2019, p26

[HIoTH AJAE] Y (E2lsiy), sh==elele] KCS AlS)

https://terms.naver.com/entry.naver?docld=4389958&cid=60217&categoryld=60217 (2022. 04. 06.)

[HlolH RAMI & =% (@FSIHAPE, 2001. 05. 20)

https://terms.naver.com/entry.naver?docld=2287285&cid=60227&categoryld=60227 (2022. 04. 06)

KONETIC(Z712FAAV S EAIAE), “9EA ZE,

https://www.konetic.or.kr/dataroom/new_termsense_view.asp?1=1&gotopage=8&sStart=%EC

%B9%B4&sEnd=%ED%83%80&unique_num=5824 (2022. 04. 06)

Il & BE Y HZ N B0 221 Ay

1. Principle & Theory

1.1, BE 29

- B8 A T8 9T Y A B 9719 £:8912 o)84) DKl BEE JHA 9] Ei
$ $8010] TS Foplis AF0] 5 HEOIL) ojl, BEE g Y 8og BE golojehy
BTk BE S0l YR 2AS PR Rulo] Sujo] Sols 2k therel BT g 2
2012 DIE & et BT SEHs Zio] AL, SHolH Hele BrE SHE 1Ee BE

=
(standardization, ¥&)0]2}al i},

1.2. BZ S%(standard substance)

- EE A} AF0] BEEE F0)) 9, 57 FAS UESH AKRE BE A0 B3

= -
Tl ER0le BES, OlNEsE&4, SAEE, QREAEE, 717, of, delEE

- 1A 35 =220 o5l =7t ol 8As 2x 35 =20l oItk ojm, A= HhHEcio] 2R}

& 20| & o AT AP FAEDRE OlfE 18] oldel AREL |2l &7FsiTh
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1.3. HE#X|(methyl orange)

- HERHRE OFf(azo, -N=N-5 2ZeItt algt@) A9 QEE, 471 Ago] A5 AREE
KA &S SROITE OOl AF=AQ1 WAV Lis F849] 715 = 2F FEjolth 2R
Ci H, NyNaO,S OILE. THE OIF2 IO B, =& QK] 50| QT

- 28910] Olo] T2} pH 31 OlSlOIATE WZIAY, pH 44 OlAJoIA eI mrf pH 3.1 X3l
pH 43 TEOlA= e wr) SEo] EQUAY FEHS T 7o) Exishs A7)
HEoIA, 0.01% BT 20| =01 HE QXS AIBSI)

- OFE @it OBE/|(-N=N-18 SAIEIOR Jhil= GROICE B4} U obE719] 4:0] nfe} mi-obx
2 TokE 97, EZIORE 9, HESP|20kE @t shet) okl A4t BobasS
77

O stk

n H
£
Ha © 5 - CH
O P
3 = N,
/ A
I - CH -
—_—
[V - “Err—
|| M M-
4
NN O N CH,
[ | l/
< N e
\
cH

pH =31

—
QEZOIM S OF7|E BHE 4~ A=t AFolA= 4 0120] kg WA 227} HRCh

a4 02 & QKJol 98t conjugationol] QI8 L LERIE s OFR7]0] o] BeA

o

=

pH > 44

0
=
i
e
e
ki

2. Apparatus & Reagents

2.1, Ao AkgSt 7|+

- BANE Xg, 92X, okerlE, SEd0lE

- 1L 51] Z2tA3, 10mL =24EH, 100mL A2HZetA3 371, 100mL HIFH 271
- AFO|E, HEl, ARE

2.2. 20| A8 =E

- HC(), E5F, HEQHX] XA, Na,CO,(s)
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3. Procedure

1] ZetAdo] SRS OF 400mLE €l (DQ] gt YPAts EiErh

1 EetAd9] wFAlo] o

@) B8 Ao Fe FEXE S8 & GAXEGL, Na,00,(s) 0.218g2 SASITL

(5) 4)E 100mL Az} E2k4~30] Eal, 100mL HIAE ol&d) R4 ¢F 20mLe] SF+E "ot
gaAIIC

®) (6)9] a2zt Zetadol HEQHA AAFS 28te Hoj=airt.

(7) ~HiEo] Helg AXIshl, ()9 HCl(ag)S RIS

® 09 a2 Eetads Fel ool |IRIAIZILL Halag) E 52 BOjEeth

(10) 82 SHETOIE] =3 200 * CollAl 5t B0] 8F ONIBIEHE Ye|al, TIA] AHATESIT

11 ©~1092] Hgs vH=sts, ool 89 MzZa 22 Ao] Lz mi7iA] &gt

4. Result
- 36%(w/w) Zlgt YA 0.1M HCl 3FE9e TH=7] floiAle Auht FoioF sh=A] AlLISHL
A, Aot A0 =5 T £t

36.09/36.458g/mol _  0.9874375994mol
100mL/1.18g/mL ~ 84.7457627119/1000L

0.1M HCl =29 500mLOofl= HCl 0.05mol0] £, 11.6517637 = 1000 =0.05 : V oflA] Flook
Sh= Zgh YAl Hi| vV=4.2919584TmLE Ga=Atol wet vrEElshE 4.29ml O},

=11.6517637M

Biasy

CHsat 2t

rr
rlo

= Na,COy(aq)0] HCl TEHES A1FsH dojLt

2HCl(aq) + Nay COy(aq)—2NaCl(ag) + H, COy(aq) -+ (1)
H,COy(ag)=H " (aq) + HCO; (aq) -+ (2)

HCO; (ag)= H (aq)+ CO7 (ag) - (3)

CO2 (ag)= HCO; (ag)+ OH (ag) - (4)

Al (O, HCIZH Nay€0,9) WESHIZF 2:1908 & 4= QIT}. 40mLo] 0.1M HCl 4:89of= HCl
0.004mol0] ZERIEHIE, HOIT} UHS8t 4 Qe Na, 00,9 &S 0,002molo]T}. T, Z&sjof 3=
Na, O, ZZF2 0.002mol * 105.9888g/mol= 0.2119776g OICE. HE=SH Al (2)~(4)0llA] OJAISIERAT}
89 £0] SFE0] O, B4 0122 54 ol2at BRE 0128, B 0l22 Bk 0]}

O
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4>

2ol
1t
9,

fo

o
=
ol
S
oM
fol
(L
00
|0
Hl
Mo
S
0=
0%
il
fo
e
4
30
o
e

~

(&Q: mL)
Altet Mo =2 ORES mel =2  HMSt H(l(aq)Q H1) A
1 13 25 12
_ 2 9.6 25.2 15.6
1xt »=57
3 3.3 »=25 =217
4 8.7 16.4 7.7
1 7.5 25 17.5
_ 2 16.4 25.1 8.7
2K} 39.8
3 4.8 17.1 12.3
i 5 4 17 183 13
7.6 25 17.4
3X} 2 3 25 22 42.8
HEZF3 14.9 18.3 3.4

A (H2) XMHst HCl(aq)2 21
- ERRIEEL @A) HESH|7} 1:20|HE ERRIEFS] =<0 2ilict g2 &A&st HCl(ag)9)

Ful2 U HC 899 E5LE 78 4= QUC} B LIEE 0.218g2 0.0020656821mol =,
Ol EUZ HCl 4899 BTt 11 His 16 3k vkt 4t

¥t HCIY

S1)(mL) HCl #8429 E5T(M) 7 25 (M)
1X} y=57 {=0.0722
2X} 39.8 0.103 0.090547
- 0.099735
3t 42.8 0.0961
A (B3) ®MAst HCl(aq)2 5%
5. Discussion

OJH Al HEQHA] AX|eke 0185t E3 Ad AOIULE Alkke AESHHA] QA H ARIO]
Algh B LIEES Agsh= IFE0lA 0212g0% AlFe AS 0.218g02 & AZSIQILE o=
0.IMHEL} & HCl 89 BT/ Lee 20 Feisior FRI AAZs TEA] LUATE 11 elo]
= FEoIA] g2 BHE XS0 ANE Ziolal, 8704 8712 &7 HEE JAJE Aoltk

A= B OIZ0.1M)0]] HlaA EGHARE 1A A1 Aik= HlnlA
S0l AAE Zloz Hol=t, 7o) 78l Gite Tl AlESshs
2 HIA &A Felol HEoHHA, /77 & HIAR 9ol &
A=, 2 9] HETH Jak 241 3&fC] FA| Auteto] Ao] =7t

pus)
Y
i
2
N
e
o
\d
R
0
ies
20
w)
w2
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SPAFSITE THOF 1} A110] 2HHA) BB0fA] A4t thalol] &<
EsTE 0.9979114058MZ 0.998MZ ARSITE 1R} AIF9] 1
HRICHH 71 ZH2 0.0918080933ME 0.918Mof LAFSIT Ol :f* 2l
7Pt

OlQlof = 2hHGIA] 2AE A2, 1A Aol ol &iE HCIO] 240mL)o] A AISZ01 % KA
9] O] WGHA] ot Yot LIHA] 8N 7Idatal AEEe AS0] IIth= 2010 1RHRE 337+
Al A Aol ASlg HFE HoohH 0.09547TME 0.0955MOIAIE 718 2 AEEE AR 2719
SRIEHS HatshH 0.099735ME 0.0997TME 0124 A0l 0.1Moll B 7P71o] ZESHY. the ASRE
= B HIAL Al9k0] & HIAE SHlo] RS 4= AEE A4 Holge delotal AktdiE
H O @Rleke s3e S0oRITh

0

ra

6. Reference

(Principle & Theory)
[AO|AAS TFSHEITAPE] S 89 (standard solution)

https://www.scienceall.com/%ED%91%9C%EC%A4%80 - %EC%I9A%AI%EC%I5%Alstandard -
solution/(2022. 04. 06)

[AtOIAAE WFSHITIALA] EEEN (standard solution)

https://www.scienceall.com/%ED%91%9C%EC%A4%80%EC%IA%AIBEC%I5%Alstandard-s
olution/(2022. 04. 07)

[lols XA #E =2 GHBITIAR, 2001, 05. 20)
https://terms.naver.com/entry.naver?docld=2318673&cid=60227&categoryld=60227 (2022. 04. 06)
(ol RIAJHH 2xF BF =4 (SISIHAR, 2001. 05. 20)
https://terms.naver.com/entry.naver?docld=2306454&cid=60227&categoryld=60227 (2022. 04. 06)
[HolH A|AH] wE Q9] (@l tietsksts] KZ)
https://terms.naver.com/entry.naver?docld=5662917&cid=62802&categoryld=62802 (2022. 04. 06)
[HIOIH AAJEHA] WP QHA] (F4APdHat Fajt]oh
https://terms.naver.com/entry.naver?docld=10928508&cid=40942&categoryld=32403 (2022. 04. 07)
(WOl RAJHIE] OFEH R (azo dye) (SHerat, ThStsksts] X&)
https://terms.naver.com/entry.naver?docld=1121687&cid=40942&categoryld=32403 (2022. 04. 07)
(ol RJAJHHA] S (SFSITHARA, 2001. 05. 20)

https://terms.naver.com/entry.naver?docld=2277777&cid=60227&categoryld=60227 (2022. 04. 07)

90



V. 2 2 ZEE M

(AIGARIUZAE TS kS HilM)

1. 999 A LHS
1-1. Al2|1238t (P 1=X1R)

(1) 71572

= a4 A4oi(at Ltop) Sl wurE =
Zoo
" = 830410 (40) S AR e =i
Zoo
Z 870515 (36) = th& 71=1
&oo 7 140710 (9) 2S5 =D
(Zim)F
Zoo }
(=T 5 170518 (6) SRS 7150
Zoo
sy 7 210820 (2) Jl=n

(2) 71= HHY

- K T ¢ ks (RRot AEsP] @S 150 THAR o]Fofdl 71
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* I
AHE AR} 2 SANE/SE, 1EY
o -
f=3 S| AM/BY 2t
60 @ﬂm = 69 67) FT/EEe
@ z H E
Sl AZAY MEAZE e
Z3 171

(9 2K whg ¢ BA - OEEE, Za - V1S3

@) AlRIERIE - e - 9]

& =Y/ HNHYRERS) 81 A, OeEY fE SUZEY
f/ A5=0] Y - g /ls

=
/ AR AS - o8 7 dEgeE - of

1-2. &4

- FARE ¢ et
- 2998 A

(2) 0IR/ X|%At=]

- A% A0 B4 1 A7E BEKo] Yxlsh, ERE 108 Azl AMEeo] Ak ER 1%
Azlo] ZE3HI7H oI ZhASC] TKEL0] P Webt Wil BHlol B, B,
g S 2ot AFSY) BElsi 22 Welo] Ko Athe w3 m E20l0] Al Irks
ool it
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V. e+ BEESTH

*

- OJAL : 20138 A& GAlol= QRIOIA ATE 7K %7t 20180 IAERIZEE AuE 7HA
E[HA IAERIZIZ 7P FRACEL ZZUZ Ql6 A7t ol IKIAY 20208 THA] e o= S0
oF FHEo e e B Folx At 2l bd Wz Hs Ao] LIZIA] AA =T

- WEEA, 7Y, 43 FEY A ¢ M
(3) 3717t : 2021, 5. 12~ (2 1WA HE &)
(4) AEIXIXIRIA|

- A9ARR] AHIA of 8 B TSR« 7150] 71 0] ARSshe Al9ARR] AfHIA= "SR OIT,

2 Al ARE9] E4tez Qs S4F AR AFRQlol F71d7E sk Al 2ith 11 Qo
SR, SH ARA7 4719 d2 Aol e minftt 220RE Ol8eith Boh 25 ol 27150]
T2l A EHA] Hel Eie0] O 2T Bl AHlA0) tisiAls 108 Tl 48S FCh
AL 7WHIA FHol SRE QAL A8 0] SxlEstal AHlAvt TEEA-ER] & Sith= Ol
oA 68S FRACE ot Lo S| = AEE AP Ejofd = oF E7t 0|83l
Olofl tisiiAl= 108 ol 78E FHoh So] o ¥ =?r] Okgn HFILEE, 11 1 oksniet
2 AIZ7H LA ojof tisll 2tte ZHKIL QAU SR AoF ZEA1717], Baaew EHE
SOl thall ™ Ailskal <A Hile = *A0iAT olofl tisiAle= THEeIThal SiTh

(O

ARBIRIR|E
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* QREHAE

|
¥ YFoz Aol o
e =
g, RHAS 4 20]
o, 3.2 3 0Foluf, ¥ 2
23(0] 7hA B2

r
nz
2
rot
T
1E

2

400
L

s
retrat

iRt

re g

GE | TR
40 \_ 36
= AR M CHAR} : o] E4to2
* e (0 ol 2= Ajztol gof
= i = TV A|RA|7H0] B2 Hol

HMu @ S0 ofs . B2
Off 1AIZH ™ Tv AJE Al

2 7h

1-3. 1Z

(1) QAaE : SHS FHoo] Qls = e
Zh= oL Be 2 ARSI HUls Aol otk of s sidshy] 2ot dotoll sl
jul

Olop71E Sall Uizt
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o =x|at (=T] = =10 =
SISHAl ==9 = x| (9 X (9 S
ststy (g/mol) (g/) B (C) g (C) (g/100mL)

250
IAIS
I 169.87 4.35 440 212 (05T, 2)
34.07
EIA E=
ELAILIE 2 105.99 2.54 1600 815 7. =)
HCl: 72
o _
HLH0.1M) HCl 36.458 oF 1.1 65 33 0. =)
63
A =
HIZAMLIES 14411 1.5 249.3 410 20T, =)
0.29
XA
B AR A 122.12 1.32 249 122.4 25C. =)
1%} 2%} 3xt e
S Oo| =10
Zret HCI2| 0l 52.0 51.5 53.0 52.2
(mL)
urost of of 0.265g 0.265g 0.265g 0.265g
o= T e =0.0025mol =0.0025mol =0.0025mol =0.0025mol
5 o| of
7t HCI2 & 0.005 0.005 0.005 0.005
(mol)
HCI? EsE(M) 0.096 0.097 0.094 0.096
LN 4% 3% 6% 4%
OIXAE =8 MAME AgCIO| O XAz =84 OXMNE 8  OXA=z =8
ool =i O'_%r( ) —  15mL & NaCl?] 9 15mL & o 20mL &
(mL) 9 2Kmol) NaCle] 2 (g)  NaClo| 2(g)
X} 15 0.483 3.37 x 0.197 0.263
2Xt 15 0.508 3.54 x 0.207 0.276
m 15 0.496 3.46 x 0.2020 0.720
1X} 2X} 3%t Hx
7kt HCI9] £m|(L) 3.7 x 2.7 x 2.6 x 3.0 x
OIXIAE 2890 21| (1) 0.01 0.01 0.01 0.01
OXN= =2 10mL % O'O?g g frgol X 2.6 xmol 2.5 xmol 2.9 xmol
. 9 of —O.
sodium benzoate?| 0.051g) (0.038g) (0.036g) (0.042g)
OXANZE =2 20mL & 7.1 xmol 5.2 xmol 4.9 xmol 5.8 xmol
sodium benzoate9| & (0.102g) (0.075g) (0.071g) (0.083g)
0IX Mz 84 DIXAE 8

WE Mol 27(g)

1Xt 0.028
2Xt 0.017
ot 0.023

106

HIZ L] (mol)

10mL= sodium

benzoate?] &

2.3 x

1.4 x

1.8 x

2

1

.3 xmol
0.033g
4 xmol
0.020g
.8 xmol
0.026g

20mL= sodium
benzoate?| &

4.5 xmol
=0.066g
2.8 xmol
=0.040g
3.7 xmol
=0.052g



1. Title

2. Principle & Theory

(1) HZEA UEE (Sodium Benzoate)
(2) HIZ=AE (Benzoic acid)

(3) Bt LFEE (Sodium carbonate, )
(4) e Q#X] (methyl orange)

(5) ZFY (precipitation)

(6) A& (titrimetry)

3. Apparatus & reagents

4. Procedure
(1) 0.1M HCl B89 A=x
(2) AgCl &= FA vt

T

oo

Wl

34

1

)
(3) Sodium benzoate
)

(4) Benzoic acid &= FH AF

5. Result
(1) 0.IM HCl B&F8% A=

=

2) AgCl S5 FE T8

(3) Sodium benzoate 3t2F
@ A

@

IE

1A

T

a

6. Discussion

7. Reference

V. 2 2ZE oM
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1. Title: OIZl Ai=0IM 82 22| 2 3=

LEH] sodium benzoate@} NaClo] =019)= NIKIAEZE QAT BRI AgHs Sall 2 829

s AR

2. Principle & Theroy

(1) HIZA LEEE (Sodium Benzoate)

Na - HAAH HEES HEVRES Ad6] Qo 7HAE B S50l AL8Y

: = ARAE 2 dHAJACE HEL LEES AR OZ WlsR] 2T

O, _O-  Au, =8 Euke, @], K% Al 2 SeRlS T3 e A=
Hibx_ O] BFA%IC}E BE=6F Pseudomonas mendocina NAET} 22 E5
2ok FAIES daAld o HALS A8 713A1E W 550

[/ ﬂ HQl AKE o) 10115 HIZA LFERS QR OJoRE oakE, HAY A

_4

AE W A E ASoE FVIECE HEA LIEES HIZA R}
S LEEO| £5 } tSoz AAEN, ORIgk HERORE Bair}

L WEAe wEp) ZiEANol Aeos S ZEoR EXfEL J1EA)
o0  wHIRlo] 2oig)

Sko
o=

S 5 Q7] mRo] OMIEKE
= A
=

of gA Sali=m eSS

AlZ0] AR o7 S0IR7]% Sitt EWO} EuslollA
ol FQ RO, FASFK|Ql CHjeits 71dsh &
olghal R27|% Sith &3E, ofHZ, ollE, AR
dct

(3) EtA LIEE (Sodium carbonate, )

0 EMHIERS EML 4418 LJERS] Qolr}, 9ol =g Eﬁ@lmow
| dlo] E31g 1), AQMES AEIEE g St} ASEolA BT
Na® ¢ Na" gz xssp) 98] AlREVIE aith ERILIERS LIER 0]20] io@m
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(3) HIE! 2IX| (methyl orange)

indicator base (yellow)

—_— GHy

RS —— HE QU= WFTE A4S FHRe ok
Lo @ a oW A(-N=N-)E& % shiolth, A @7) A

' o] B3] AFZE= KAL) pH 3.1 OJ510lIA]
L BOMS 71, pH 44 OJOAE LEAS
o

bl
2]
e
oo
o
r
e
T
ﬁ
2
1pr
2,
o
[ ook
o
k)
&
e
0
0%
i
o
o,
O>~
ox
[5)
(T
=i
Iy
i<}
d
o
5O
_|Q
%

(5) X’HH (titrimetry)

AA (titration)2 EA 318150 L2 AAE| 98l AlLsR= Ak BAH (quantitative analysis)
o] AFO=Z FAFH(titrimetry) 2= EEICE HFoA= o] sE8 il 9
solution)& O1Eo10] NAIsE9] 89 %of Exlish= &8t 5] HHSAIZ]7]
o] &g FHAoEN BNES 55 ZFtirt uE9] UEH(equivalent point, 3
HE oA &E Yote EZu HEsHe B2 AL019] ZAQ1 A

o
7R AHIEE BR8] AEoIN Hestils B0l ST A8 4 ULt

3. Apparatus & Reagents

- QAZFO| sodium benzoate@t NaClo] E0IQ1= HIRABEEM), 0.1M , 35% HCl, methyl orange

S
JAISF, S5<=(distilled water)

pa)

- 500mL Fia]ZetAF (volumetric flask), T)® (pipette), AFZ=2A~A (Erlenmeyer flask), 10mLIj

AAIRE (mess  cylinder)
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4. Procedure

(1) 0.1M HCl =8 M=

I

@ 500mL HulEetAdol| SR APgs Fott

@ gt PAHE5~3T%0IEE 36%T} 718, Wi 1.18g/mL) OF 4.29mLE F|510] 500mL FulZe}
A30] Ei1 & 4olE Fl, SRFE A7 A9 o 01M HCl 84E RZSi

@ 50mLe] 0.1M HCl HESEE = Q= 9] A Alklelo] AIRE BAE XeE HeotA 2ot
ANSE FHISH

@ AZETtAdo] S8 E RE 9o 5| S5 OF 20mLo] EQ1 £ methyl orange AA|FS

7R ZAAA 7t AEE A,

1O

@
\
2
e

fo
%
=
2
2
Of]
12
_|>~
7
&
jief
8

® 1 55 3 89S oF 5% 71 ZOI BF OWISEAE BT AEEsl] SWES THIC

@ 33] B Agel glo=RE HC $F899 v 258 Allelo] skE ujoleith

@ HR9 HARAE 8% 15mLo] A& & 7ot 7| S&o] Aot SEet Ate 71
HHS0] e m7iA] 919] dkgo] eFaE miix] 919] atEE heeitt o o1y 350 gy

@ W ACl IES 2010 ABTOIS Bal ofiick olit = Y ool B Jlslo] U
8 RRE sl 430 O o)y AR 22 U wEso] Hgsit
® OJTE AgCl YT BH ATAR] B, B HeS Sa) ARE IF FAS SEF)

(3) Sodium benzoate & Al

® Q9] g5 des Soll olaid EAs HAYEHE O1E510] 10mLA ZHifet =, A&t

o R%F Herh
@ ojare g90] Y71 AZFEEtA~H0] methyl orange AIAOFE 2~382 B2 &, AIXSH 0.1M

HCl AF B8NS 0]|2510] 20 Aol SAoA SEMOZ HEt tj7Hk] nXAE 280

IaTo =

@ AF =, AP0 AFETE HCIO Rulg FHSL 9 1Ee 33 tHEoto] TSt
@ 5% Fulg Sofl AEEE NRAE 89 £ Benzoic acid9] e ALISITE
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@ ojatE g90] Y71 AZEAT0] methyl orange RAIS 2~39h& 718}

@ UHE 0|2l AT SHO AZ0] oA SEMOTE WEt T71X] 0.1M HCl BEENS

@ (39 AEoIM 8ot HCl RulE Falsto] 7Iei

® &90] SOlIRe ETtAAE AUFOHE ol&st &ds] HFSARITH

® FHE benzoic acidE Zu7|2t AES0IE Sdll ofifstal SEal AZARI 2, 248 Fes
sal FAE St

@ NAANE 8N & sodium benzoateQ] SHEFE AlLteiELE

5. Result

(1) 0.1M HCl BE&8% M=

35~37%2] FlStrtl E54E Es 0.1M HCIE AIF6IAC 36%et 76k, Y 1.18g/mLo]
EZ 0.1M HCl 500mLE AZEsH] YsiA 36% &gt @A 4.29mL D RSITE 0.1M HCl 500mL
£ HCI2 0.05mol x 36.459g/mol=1.8229g. 1.82991.18 x 10036=4.29mLE=0] 36% HCl Q)

Na,C04(aq) + 2HCl(aq) — 2NaCl(aq) + CO,(g) + H,0(1)

0.IM HCl 50mL, & 0.005moldt &H85] HFSsh= 9 &2 0.0025molO|th. 9] Slstalzre
105.99g/molO0] 22 HCI 0.005mold} &S] BHSoE7] flsiAl= 105.99 x 0.0025 = 0.265g LRSI,
0.265g0] AAZ] SH4-E Vst 290 HE uX] 2~3d2S Y11, AZESH oF 0.1MHCIE 713

Aik= thsat 2tk

1%t 23} 3% e
7tet HCl2| il 52.0 51.5 53.0 52.2
(mL)
HIS5t Of Of 0.265¢g 0.265¢g 0.265¢g 0.265¢g
ST 2 ~0.0025mol ~0.0025mol ~0.0025mol ~0.0025mol
7tet HCIS & 0.005 0.005 0.005 0.005
(mol)
HCIo| 2=E(M) 0.096 0.097 0.094 0.096

RxkE 4% 3% 6% 4%
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(2) NaCle| &t

NXIAE £ NaClo gEFe &7] Qs FFHe ARSIt

0.1M £ &=0] 4 Olat LK 2 W7IK] 50| 7Feh &, AEE AF2 okttt AxRAR]
S BAE =4-st Z21t= teyt 2t (AgCl: 143.32g/mol, NaCl: 58.44g/mol)

(3) Sodium benzoate &
® MYH

AgCl IS ojTkstyl Y njX5=89M 10mLol| TEsFer 0.096MQ] HCIE AASHICE HE QEIX]
AAIQRS 7RIoEE, 899 AAto] gt nff Bhs0] SATUCK= AS & & o). Alsduk= thsat
T} (sodium benzoate: 144.11g/mol)

HEMS 0 YojLte FjetHtg 2 0|9t Ztct
COO Na COOH
+ HCl — @ + NaCl
Sodium benzoic acid
benzoate
@ 2y

12 TAAE 8% 10mLo| S&et &2l HClE 7Fotal M&E benzoic

= L T
acid ARES B3t A%x & 11 BEAIE M Zit= tFe AT} (benzoic acid: 122.12g/mol)

6. Discussion

QAEEO] sodium benzoate@} NaClO] =01 =89 F9] sodium benzoate?} NaCle| SeFs
Tol7] 16, € 7ol AgCl Y=e 5101 ojakstal, HCIE 71l benzoic acid Yae FRAIZLL.
olofl AFZSH OF 0.1M HCI2 EF31E 5101 0.096MQ] Ag Fets] & 4= ) Z32 o 0.1MECH

4% QAR B2 sk2 xﬂ E HQlOE = 35~37% Lok Hit =0 B, HCl Fu] F89
X}, TBIOERY PAs] A2t SR fAXIK] ZE8E HCL 4971 A™olA B18 SEF g1
QA 52 et 4= QUTE Fo 1R} A & 71s50] 8& OllSHEAE Yelal MEEsks 1HE0]
NJ<53AC}. Sodium benzoate@] SFehe LORHY] Rloto] HESFeE HCIE AEot0] RIAIQR] MHst=
gloloh= AW, 1ESISE HClg SF0] 7Isto] A% benzoic acid F&ES Eelokal HZsH0]
be

FAE M e AARICE AgdT, AIRAE 8% 20mL £ sodium benzoate 22 HEHO

- Hio

l‘-lE
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2 0.083g, FRHORE 0.045gCF LI9F AYsh AO|E HALE FAHE ALERIE mio] SOl
AEHe AlERle ol SFFHDE AA Liglt, of2VIA] fole ke 4 QRUTE A 6]
AFAIF] benzoic acidQ] AZE EF61= 7|77 AE6IR] ZAS 4= AT, benzoic acid?} 2o
=2 AHE oEAS 5= ACE AAES SithH, 11 FOIHCH 28 S50 deHde FtiZ =017
Qe =g Aolck

‘1. Reference

e Steven S. Zumdahl (2019), Y9 Lutslst, Al :AlAOJXHY |0}

e https://www.healthline.com/nutrition/sodium-benzoate#what -it-is

https://pubchem.ncbi.nlm.nih.gov/compound/Sodium-benzoate

https://www.acs.org/content/acs/en/molecule -of -the-week/archive/b/benzoic -acid.html

https://pubchem.ncbi.nlm.nih.gov/compound/Benzoic-acid

https://ko.wikipedia.org/wiki/%EB%B2%A4%EC%A1%B0%EC%82%B0

https://www.scienceall.corm/%ED%83%84 %EC%827%B0%EBY%82%98%ED%8A%B8%EB%A5%A8s0di

um-carbonate/

https://ko.wikipedia.org/wiki/%ED%83%84 %EC%82%B0_%EB%829698%ED%8A%B8%EB%AS%AS

https://byjus.com/chemistry/methyl-orange/

https://link.springer.com/article/10.1007/s40828-016-0026-4

https://www.scienceall.com/%EC%B9%A8%EC%A0%84 -precipitation/

https://www.scienceall.com/%EC%A0%81%EC%A0%95titration/
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#1 Come Alive

Cause youre just a dead man walking
Thinking thats your only option

But you can flip the switch and brighten up your darkest day

Come alive, come alive
Go and ride your light
Let 1t burn so bright

Reaching up To the sky
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#2 This Is Me

When the sharpest words wanna cut me down

I'm gonna send a flood, gonna drown them out
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