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[EEREBEKSELF 15 M) —H ATV, PMDRS, 54 (4), 300~311 (2023)]

— BB & R b N B BRI —

[ 1. zLoic

mRNA[E$i1Z, HW@EETE*I— FLZEHO
— APRNATH % [mRNA] # HR 5 & L,
mRNADSRB T 55 V87 BOEHIZ L ) RE
DFREHEEIT ) BHEMLTH 5. K5 T EHEMR
INA BRI, BERREE I &350 TR R B ik
Rl bZ ens, SWWHHEOBL TRA OEEFIHE
PAET 5.

Z D7z, mRNA RO ITDW»TIZH B
DEWTH: - Bl hko SN B H% L, G-l
FOBNDSG, TOGNREN), BRYL, FHME B
P EOMGEDRD SN 5. BB S TlE, mRNA
P S DR HE 1) 70 BEAN G & L TR & N7z ik B 1347
LBV LaL, B L% 5o B B s
ELTIE, BAYETFHIHmMRNAY 7 F Y ICBT 5
5 ERERE  (World Health Organization : WHO)
DA FF AV ROKESEG T O 5 E AT
Y, F7z, ENOBHIEECHEE LT, #Hflao
F 7 4 VA mRNA 7 7 F ¥ OFHER R I
DN A BA e (AEIR)Y 23 5.

AFETlX, mRNARIEOREE & 855 TREIE O
ZZONDMEFHEE 2 I L7729 2T, Lo
B SRR & T B SRR IE H K OV T
PR - AL U7z F 7o, BT S A 2R

mRNA E3 O B GEHlE H & o Fik

A sREE*, W R, IR R
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RHNZBWTELELNHEBL TWAH Y v MEED
L L > CEWERHMICET 2 B E L5
EIZOWT L THRINT 5.

) MRNAEEDEE - BiETiEL
" mEFHEER

BAEBRBE SN Tw A mRNAE#EDZ < 13,
mRNA A5 F 2 i1 (lipid nanoparticle: LNP) (2
HASNWMEE2 AT 5. FHETHSmRNAIZ—
BB THEDO—ARERNALS 2D, 5 KiiHh S
MV 5 3 v v 7, 5/ IERIARGENL, BIERE0E, 3/ IEE
ARG, 1003ERFBEEDORY A X YK S b (Fig.
1). mRNAZfET 253 (A-G-C-U) 122w
TIE, RIREIRNA O A THEK S 115 mRNA % #5-
L72BRICA U 2 2 SRR IR & S 5 720, %
O, U ()T y) #N-AF VY 2— Ky
) U VEICEWE L 72 mRNADH WL TW 5,

mRNA O RNA I, BE#ILL2FFAIF
DNA% ML T4 Y POBEFIZX ) A E
N, HIZFxvy MMEBEELREICE 5 F v v 7RI
BEFETCHESNS (Fig. 2 14 Y ¥ b 05 [H
KICF vy 72T 28 ELE H D). TD72D
mRNA O §EEHEEH & LT, mRNA O — ki
(BERA)), &', EEmRNAOEGAE, 5Fvv
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Fig. 2 mRNAEZEORETE OIS HELRRERE

THEE L ZOMIE, 3R ADHE L 2o
LENEZOLNS.

T/, BETRICBOWCTERT A2TRESD S
AFARNA (double-stranded RNA : dsRNA) 3%
i BOS %2 B3 2 W HEEA D 5 2 &5, dsRNA
DEBICDOWTOFHEiALEL Bbh s, #iETH
HERARH OfETIiE, 1 v ¥ buiE i+
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$TIDNA N 05 DNA O a5 R IR AT 5 K
WDNA/ % Y873, RNAKRY x5 —EEDOREHK
R EOREANEZON, INHAEHIEEB IR S L
Bbihs.

BAED F 3 TdH 5 LNP-mRNA # A2 DV T,
LRl THLE S 72 mRNA 3 % pH & MR
H, RY)xFL 71 a—)v(polyethylene glycol:
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PEG) MBHillRE, ~W3—RE (U VIRE KRV
AT H=)V) THERIND ARG OHRICEHAT S
TEICE)BEALEINSL. LNPIZXZ LT —EIZ
£ % 50f#7% 5 mRNA 2 fR#$ 5 & £ 12, mRNA
RIS R E T 2B DY, oA E
PREFT 57200121, #AlE L Coffi+ o MERE%
WHRT2LENDH L. 9, HHPOmMRNAD—
W, &8, EEmRNAGAHRIZOVWTIE, K
FLFMRICEZE 2 MERETH Y, FHEEHE RS
EEZDLNL. TNHITMAT, HANIA O
HHE LT, LNPZHRT HIREDO &R, LNP~
OmRNAB AR, KTEEZO5M (Z5HE) »
FFoh s, B, AWFNEHEE LT, REEa
WKBWTHWY X EORMEMHRTAZ LD E
WLEZOLND.

3 HERLENEICRH N TV DIRE
' FHEEB & 2 DHIRFE

ARIETIX, WHOD 55 & N7z EYeie 7 B H
mRNA 7 7 F VIZBH$T 5454 FF 4 ¥ [Evaluation

of the quality, safety and efficacy of messenger

RNA vaccines for the prevention of infectious
diseases: regulatory considerations, Annex 3, TRS,
No. 1039]Y, 3l "2 K E 3£ 5 /5 (United States
Pharmacopeia: USP) @ 5 #ERTIEZE: [ Analytical
procedures for mRNA vaccines quality (K5 7 b
M) 12 20 EF, 260 FICEERI L Tn
B BRHIIE & 200 Fik a2 i3 5.

T2, ENOEHEE LT, 774 F =R OREH/
EFNFHOmMRNAT 7 F 2~ (2 357 4 HERLDY
AL 7Ny 7 AE) OFFEERHREESY, B
12, SO OHEFITIE T 2 BRI R S 7z
AW (aad s A VA7) Y YRNAY 7 F
> (SARS-CoV-2))9 122wV T, #R&EN7ziEqT
filidd H & SR 2 33 5.

3.1 RREEFHHAMRNAD VFVICEAT 3
WHOHA K54~
Aw#E (Evaluation of the quality, safety and
efficacy of messenger RNA vaccines for the
prevention of infectious diseases: regulatory
considerations, Annex 3, TRS, No. 1039)" &

COVID-19/83 Y 73 v 7 % #F&iZ, WHO O AW+
M EH O REHEALICHE T 5 H M & RS (Expert
Committee on Biological Standardization : ECBS)
KBWTIER SN 72b0TH b FI7 MRS
20204E 12 H AR &, 20214E7 H o5 1E L % #%
T, 2021412 HIZHHERTW 5,

COVID-19FBi JHimRNA Y 7 F > OB 2% %
YT H720, mRNAT 7 F » o8sE G
FERE IR J OB R 3B D — 3 O TH H A2 2\ Tl Lo
MEHRHPEMIN, WY FLEHLNTNL.

RLEBOMRIE, BIYGED [FHi] #HWE L7z
[ ANZEY Y378 (HiE) %3 — F3%mRNA
R ALZZLNP#EA ] ICHRE SN TS, mRNA
JEERIZOWTIE, BHOmRNAWCIMAZ T, HCOMH
FETImRNA b W& EN 5. —F, EHO [iE
A2 HME T2 mRNA ERIAGEORNZEINTH
D, E/70—F ikt 3 — F3T5mRNAZ Y
BRYIE DB % HIW & 3% mRNA FE3E b [ Ek 12}
GNTH B, RLFEIIEImRNA T 7 F > OFEHE L
OVBUH o SVRFEAM - PR L 2 B SRR L 2
DFHEA WS N TE Y, BEE LCiE 4,
MU, W, Retlih X 2R 20BN R 5
PN L 72, MEE O 7ZOITBE S iR
RRETHIEDVHEYTHE] ELT5.

DUFIZ, FEERCEFAORFIZONWT, KLHFIZ
RS N WERHEIHEH & AT oM E X R 5
(Table 1, 2: WHO).

3.1.1 FRE

RLFICRE S T B mRNA JE 3 0 S 2 3
HH LA T 221X, WTFoLB)TH
%.

B—M : o Fikat L BN M xR 572
», mRNA OEILEA %2 FEGE T % kRSB & &
N5, SHPEELTIE SBEEDOY > I —
V= Y ATMAT, MG %17H 3 mRNA O
Wl % EHEGRAND 2 EDITELRNA Y — 7 v A%
WEITOHNTWAS.

EE - P mRNAKIEICEIT L2 RNASEEZ E
w5 FHRIIOWTIE, BB & LT
5T 5. mRNA OHERE O AL HE WY
Bt ShTBY, 2K mRNA & mRNAKH O
G (@EEmRNAEGAF), 5F v v 7, 3K
ARPIMEEIILE, RAT 2 dSRNADOEFIZDOW
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Table 1 WHO, USP, £#EICHIBREORESMIER EH0HFE
WHO? usp? S
TEHH AFAIE H A iR QL JHH Bk WANIIRES B4 AN RES
Y412 hRNA
Y=Y R NGS
At RS o,y Pt EERSER S5 5 E@lEL)  GERsL)
NGS RT-PCR
RT-qPCR/
mRNA E & YA W nES E R RNA & RT-dPCR RNA &5 i IVt
YAV i) RN
4EmRNA & o
el mRNABHOHA, slmRNA TSETI TN FYETI—T
Wit ARNAOWAE at L AR g, Lo
(4 mRNA & 475) VB UKE), ) VR RIK
PCR, St
T A A IP-RP-HPLC 5 %% v TR LC
[EpIIES
3K Y AR - B 3K AfHIIE  IP-RP-HPLC #UASRE  PCR LC
4% DNA 4PCR 4% DNA QPCR $57 DN A 305 qPCR
iz KA NTPs, i
Fy v 7, WE JURNTTT 4 — dsRNA fn77ay k

mRNA Wi}, dsRNA

RT-PCR: ##5%5 PCR, NGS: ikttt —4 » X, qPCR: %£# PCR, dPCR: 7 % WPCR, IP-RP-HPLC: £ # ¥ X_7#fiHPLC, NTPs: X 7

L+ F=Y VB, dsRNA: ZA&$HRNA

Table 2 WHO, USP, £#MEICH|TZRFIORERFEER EHHFE

WHO?V uspP? HEAES
IHH ATl H AHTLEOB R VANiiRES
FALs b
RNA ¥ —% ¥ 2
[F]— 14 LIS AR PUH == R T RERAER RT-PCR
NGS
HOLGE
i mRNA & # BAHV Tk RNA &kl rax by
T4—=
mRNA A o e FYETU=F
%E{ HEEH:{*Z:%@#&/J (ubﬁktﬁ L) (gﬂ%&zt;t) mRNAn/?TfF %?\?ﬂ‘(ﬁblﬁiLC
NG AT LY
L | T G20 < N = 1 1S MERZ (il L) (Feikz L)
MR T v 24
PR OFH - Fat WL G it B HPLC
KT TR O
i oy W SRR
i POkt (e L)
HH  mRNA :RE O (Fe#z L) (e L)
- = HOGIR

1 - mRNAJEIEICHT 2[4 (integrity) | &£13, mRNA OREEAQRERTICAKE LTREENTWD 2 L2 MRWIIRTHETDH
D, TNEMETZ7-00FMITEE & LTk, —M#ICiE, EEmRNAEGEE, 5 Fx v TR, 3 KY ARNE (HL50IE3 RY

ABR) OZEONPMEIND 7 —AD L\,
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TEHMEiAREE Shb. £ OWHE, 3K) Al
EIDNAWZIZ—F&h, {1 Y€ uigGRICAHNS
N2, A€ baERIZKY AZMINY 28
FWERY ASFHEVPEHICE 2720, FRICHEER
AL EE KR TWE, ChSD5HEE LT
&, FVESRKE), PCR, 270~ hrJ 7 4 —H%
FoNTW B2, il 4 o5 B IHB ISR 5 5547 F
FIEHREN TV R,

HEE © 357 DNA R mRNA ICHAR TN h o 72
KAARZ LA F FROF Y v 7, #ETHRTHY
L4 OFEFRE, mRNAW R, dsRNA 2D TEFH
BLEE IS5, KRYET 58 MDNA I E&EPCR
(quantitative PCR: qPCR), ZN LA OAFWIZ 7
U< b5 74 =20 HERIN TV,

ZEMERUVZ DMOMERFME © Table 11ZREHE L
2B DAY, ZEMICHEET LERBRE LT,
R, UEMBREERER, T R b BT
Foh, BEAMWERBIAERINEZ L DL
R ENTwaE, T, ZFofofgdite L,
S pH, A2 X o TITH S BIE H 12 2%
HLENSG.

3.1.2 S

B3 (LNP-mRNA) O EFHIEHHE & LTid, &
HEFE UL, M & ME fetSssy
L, Il OFHESLE L b, IFICKIHE
HOME 2B~ 5.

B—ME: HIEEEMBI, T7F 25T
mMRNA (22T H LRI OGRS LE L Shb.

28 :mRNA 7 27 F ~ i3 mRNA &RICHE D X%
HEPRE s b0, mRNADERENFLE L &
Na. JFRICRET 7 F v REAMT 7 F Ve EHEEO
MRNAZEIENDLT 7 F I2Oo0nTiE, K4 D
mRNAFEZE®m L, WEZMHRETLILEID D &
LTWwW5.

WE: 77 FOFEHMLERTH S mRNA K
OIRECHRT 24068, 7277 F v Ot s
{BIZ & 0 24 U A ARMPIZO VT, mRNA D5E4E,
KT8, IRESEOAMY) 7 & OB S R BR % M
FTRELEINTVS,

Ff : ) % g m AT BT T & e
AULERHLEEINTWSE, KL EN7/7-mRNAY
7 F v OREREOESITIE BN~
mRNA D EER Y VX7 HANOFIR R EHEOR

THEbo>TVE, 2Dz, HlioFFEM T L L
TIE, BRI B 2 n 3 2 8l (bF 2 &
77 v a X BEBMNT) RO S o8y
BEW Y AT 2% FM L7230 lis: (4 > ¢ b afii)
PRITFONTWD., TNHOFEEHWEY V587
BB/ RO 7 — % LR AR O R o B %
ETHILITLD, BIRL 720l C i B B %
119 2L 0#EEEHAT 2L ENH L E ST
5.

ZDMOGEREM - ZOEFPIEHESLEE Sh
LB E LT, AL pHA D D, ZEER K
PHELRE L TEETHLEL TS, B,
LNP-mRNA 7 7 F V IZHRAOBIMEHREH & L
T, WWEOMHE - &8, W7 £ mRNA
EIRE O, mRNADLNP O H A KD,
Je O'LNP-mRNA Of#EAHAEIC L V2L L 2T
LEDOERDLELE LTn5.

Lot - AaVEICE L TR ICHE LR
FLEINTWA.

Dl XHiz, WHOHA K I A4 VITIZEGIET
FiFImRNA Y 7 F » O FEHE R OBAN LB L F 2
LN L MEFHEEE 25 Twb. —HT, &
MFEICOWTIE, —EBOFMEIEH THIR S TWw»
LITHETY, FomBoifibRIhTnin,

3.2 XEZEFH (USP) DREHEBRFIEES

USP (& oK [l 3 5 £ i 2 36 d AL #E i % (Federal
Food, Drug, and Cosmetic Act: FD & C Act) 12X
DNBOLNTVAREHETH LV, HAFER &
0, IEBIFFIETH % USP Convention |2 & V) 5
TENTWA. A#F (Analytical procedures for
mRNA vaccines quality : K7 7 M) 2 X, USP
Convention 2520224-3 H 125 M L 72-mRNA 7 7 F
v OFHIE S T YT B TFNEE T, Al
N E B & 2 o BARN 2 ol B AT LT,
ER B 5 & IR DB E D T TOEBSMRH
BERZ EOFEM RSN I N TV 5.

ARILH T, mRNA 3 O B % W — 1%,
MU, o, Pt (et [CHEL, KRR
DOFAMIFEOFMARENT WS (Table 1: USP).
BANZOWTIIREN TRV OO, T2 THRDY
P 2 W ERR A LNP-mRNA 2 & i L 72
mRNAIZH@EHTE LI TwE. KFF7 b
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X, A SN TV RERE,SIEH I TWS
Tk & A, EEFOREELZELUSPOEYR
ANCHE T A2 REEMBHRIC L - THEE - B sh
2HDTHA.

DUFIZ, ARSCHEHICPERE S LT 26 & o G RAM
HHE K 2 5 FEORBI OV THESL T 5.
3.2.1 R—#

W —ME2ERT L2005 FEE LT, R
V= AT U= — A v AN K B IR
8, K Ureverse transcription PCR (RT-PCR) #%
FFONTWE, Ry —7 v 2120w, Wi
FAb L7 mRNA RSO WG EW T4 75 1) —D
VEREDN S, ¥ —r v AF— ¥ OFNET THILE
DFNEERBEEIRENT VG, U F—v—r >
A LRT-PCRICEI L TH, KEEFELO M % 5%
HEARENTN D,

3.22 E&E
mRNAFEEOHFROERE L LT, mRNA %
5 L7288, 55N cDNA® I ¥ —$% qPCR K
7Y % WVPCR (digital PCR : dPCR) TillE73 %
T2, S KO dPCR OISR E R
TWwa. F72, BIVEEIC X 2 EVIOUREE
W72RNABEOEREIZOVWTIE, EE2OBOE
SORHU A 2 EHHUEL R B 2 B D 720 O
BHARENT WA,

3.2.3 =2k

mRNAJFRHE DM e LT, £EmRNAZA
K, O5Fr v FRME, IR AMNEO =220
WTHMFEATREIN TV S,

2REmMRNASEZE k% L 72 HH mRNA
EWIRALENZZRNA 2 % v ¥ 5 ) — 7 IV ELIKE)
WE DL, #Y¥— 27 OmifElLs 5 mRNA DS
AREZHEMT 20N FELET w5 HAEWNIC
2, RENLZ ZoDF ¥ ¥5 Y —F IV EBLIKEIZEE
(Fragment Analyzer (7Y VLY b 5270y —
#1) L U'PA 800 Plus (4 = v 7 A%E) ) 1220V T,
ENENOEE T 723556 O FIE & kB 5k
PRI Tw5b, T2, BT T2 7V EH
WS BRIKINC & B EE TS LT, SVl
W% O MR EBREEDREIN TV,

5F v N - mRNA JFEE D 5 K i I8 %
Whkrva< 7774 — (LC) TOHEE#EL 728
RIC% 2 XHUK L THLNZZRNAK I L

Pharmaceutical and Medical Device Regulatory Science Vol. 54 No. 4 (2023)

[P
[a[ul==

SHIIRE T FE]

T, A+ R_7HMBEK7 0~ 757 4 — (ion-
pair reversed-phase high performance LC:IP-RP-
HPLC) f##T 217w, Fx v 7RfkE ¥ v v 7K
FEROBRLEZFAMT2HEIBTFONA TS, 5K
i BRI D Y WE BSOS D G214 ) N TP-RP-HPLC O 45 Hf
FHEATRENT WS,

IVRYARME: F v v SN E FEEKIC,
mRNA 53 2 GIir L CTH 72K ) A% & & RNA
Wi 2 IP-RP-HPLC 2t L, AV ARk E R Y
AREREZ TSN T 52 T, K AfNE

EEHBTAHENRRITFON TS, YBIKILD S5
f, LC TORBERMEIRENT WA,
3.2.4 #E

JFSEOMERER L LT, By TREEAMm L L
TIIFRNSFAIDNA, HIWRHEAMS & L CTid
dsRNA OREEA TSN Tw 5.

HESBEDNA: AT 585 ADNAICO VT,
qPCR Z W72 FIEAVR E N T 5.

dsRNA @ ZIEFED MDD 5 dsSRNA 12D W
TREHOLEENLWEINT VD L DD,
dsRNA O A1 mRNA O @& a0 #as TR IS
5728, FEHERHAICRE 4T A RIS O W T D FE R
ENTWS. PidsRNASURZ Wiz A/ 4 7ay
MZ & % dsRNA KO FIFAR SN TV 5.

Aw#E (Analytical procedures for mRNA
vaccines quality: K5 7 M) 2 (2o T, 2023
EAH30HIZRT 7 METI® A SN H
fRCid, FEOMEFMGE LT, FFUYAT S
Va yEL TR B TS Y N B
Bl & Wik 3 2 J)liiklER, 5R% T7 RNAKY X 7 —
Y % B LB B AR HSRASHE 0§ % 9 hr ik
ERBMENTWE, T2, FHEICMAT, 792
I FDNA E#ANCELTYH, i & B
BIMENTEY, mRNA T 7 F BFE O 8 E 5FA
IZBWT, MM SWERBTIRE L 2o T,

3.3 mMRNAD YV FVDOEZERREE
ARITIE, I IFTAWHE (7 74—t RO
ANA 7Ny 7 AE (RH/ ' TV ) 28
COVID-19FFi HImRNA 7 7 F >~ & L CTHifI A& 72
AL TEBY, ZNENOFEHESEEREESY 2
RNEAINTVE, INLOXEILMEMIZBITS
SRR OBEEE & G A LS Z L AT E B (Table 3).
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J5L D BV IRAT I BV TiE, mRNA O3 L5
WELT, miftedbtr )T FF vy ey
TR Y — o v R % T RN 2 S LT
Wh, F7, 5 Fxy TR R AHOREEIC
DWW, IP-RP-HPLC-MS % i \» 72 i 41 % S it L
TWwb. mRNAFGTHNOIEILARHAITE D ER
BEEZTER L TWE EEZLNLD, T OERIEE
IZoWT, PGB ARY NV RS
BElEIC LM EEBL TS, Dok
2, WAk & B IEERM T BB E AL T,
mRNA O 4R % FSNC AT L CTn .

BUKHER O G H (2B LTI Tkl k25
WS, S TFRICOWTREL L ERH L. Bz
X, EEmRNASHEROGH FFEICOVWT, a3
FTAHETIEF v ¥ 5 ) —FIVERIKEZ VT
WAHDIZXF LT, AL 73y 7 AT
HPLCZ# HlWwwTw5. 72, dsRNAIZBI L Tid,
IIFTAHETIEIHEE LTHRESN TV S5,
AL 7Ny 7 AFETIIRE SN TWwW AW, Zh
&, EFNVFAIEMEDOT? RNAKY 25 —¥D
BIZED % 12X 0, dsRNA DA Z AR L 72 53
RESL L7722 212X D, dsRNAZBE9 % 3FAli & B
WAL L7720 LRI NS,

3.4 EYMFENREIREE (EYE)

KIFCIE, 727 F VEOEYSRRANS, Fdds
A PRFICEBRE BT AREMTH 5720, BENGE
AREZT B EET v b I8 I E RGeS
At (Bgetl) 25903 2 ERMREISEH L e
AT T & v, AEWRY 1%, [ERIEN, Ei#
WEr SO ME, AR REEOMREICET 5
P ICEk oWl s N2 7 F Y EOAEYEN
SR OB MR, WE, RS T 5 LT
HY, ThaeRkis, EAHFICBT 2 ERBRE D FE i
Sha. A, @), ERERES, R
25 7% 0, COVID-19FFi i mRNA T 7 F > @&
RHEE A2, 2021462 H, [ ad o A4 v A B4
71 Y YRNAT 7 F >~ (SARS-CoV-2) | AR
FHRITIER S L7z (Table 1, 2 @ AW3E).

AW IEDER M LE, ARE R OEIR, B

R, WEROAERPROZEI RIS TEBY,
LBEMHORE R OEROEHE 21X, %
[SARS-CoV-2D A4 7 % )X E % a—F§ 5%
mRNA % & HEHR | THDHZ EARINTVADS.
BUEOHE TIE, JEMEL B O NV 712
S LT, $5AIDNA, mRNAJEZE, LNPALL /-84
HlOBEBZNZIER SN T, RO HIX
IIFTAEE AL TNy 7 AHEICIGET S
mEHME E LTSN TBY, Fig (55 126
THRERE LT, $MDNARE 5 % v v 7R,
R ASHRAER, RNASEEMERER RNA &R
FIFoTwab, T/, A () 1835
Bk E LT, RNAZEWRAE, #HARNARE, pH
bR, TR MEFY B EEHEE, RNAGE
RBx, TRE T R TR KT 0% 5wk ik, e
B milkb, FRMERRBRoOMEI LI Tw 5,

D 1w MREEDH

PLE, mRNA T 7 F > o B B e 12 fl il &
M7= B B9 2 AP I H & 53478 o Bl & B L
72, ARIEY B cEOM T, FHMEEB 2O W
TREFEENFZVH OO, HHIZX - TIRIET %
G FEDN R > T2, RO R
bTwiz, IThaiFz, SBREIEIMFLEOS
Mrfedd, BRA, M, BEERZICOWTT v b
MRk &2 4T\, &0 Pk mRNA RSEIZ#EH L7z
B2 SPICTHEEHIC, YD XD Y
TEDHTMTEEZHCEDONEYTH B MO0
T, BHL TV ZEPHELER B,

DBETlE, EFXOERL TV 5 mRNAJEED
nn AN B9 2 G (Fig. 3) o—Fl&z#in L,
7 v MIFZER SO NI R - TE W ERHEICE
BN EREIIOWTHRRS.

‘[ 4. MRNAFEDZKREHICEIT 5

4.1 2R mRNASEEXROFHEFE

mRNA FEIIFFREBOA R ST, 5 Fxv v 7,
3R AR E%ELmRNA & LToge kRS (5
&) BREET 5 2 EAHN S V7 HORBUIL

2 WML L72RNA 7 7 7 X ¥ M EEOHIERLS % IP-RP-HPLC #A5 MS/MS (¥ ¥ 7 2 B s0H7) (X D IEE L, HWmRNA OHiJERLS)
I v ¥y 794252 812K 5 TmRNA OIFILELY % HEFNT 5 2 Fik.
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Table 3 mRNATZF OEARRBICH T2 RERMRE EOHFE

AT Tk
THH AR = = = =
I3 F 7 A fHiE AL 2Ny 7 A
RN A A5 FVIXIZLFAF Ry Erra YEIERHIRAT (B > =), YV TX 7L
e WAy —4r v 2 FF Ry Erra iy —4r 2
: -
P el 5 %% v 7k | IP-RP-HPLC-UV/ESI MSY IP-RP-HPLC-UV/ESI MS"
fift i R A IP-RP-HPLC-UV/ESI MS» (FERR)
L [ E e U M kA~ 7 kb e A7 PV, T BRI
LY/BL R A=l IOy Ly (RL#kze L) EYASIREY
LT (G L) Z \yvziro W, SDS-PAGE, "= A% V7
e S Tk
FE WA S S e I3 F 7 4T AL 7Ny 7 A
fife SRR ER HESLmLA (Redkze L) RT-PCR (FEBA7R)
mRNAZ&MESY | Fx €T —FIVELK b 1] 2t LR N
H O LKA | B33 LC Fr e = VKIS | B -HPLC
T RS RNAP fyETa Y b fPETa Y b GABR7Z L)
| FEEE BB TN D
s #7 DNAY aPCR aPCR gPCR
5 ¥y T LC A -HPLC WiAH -HPLC
A A PCR Xz LC ddPCR WiAH -HPLC
ﬁ i mRNA? BAwioy N SRAN TR R o (FEBATR)
o
. Y FL ALy @ RT-PCR RT-PCR GERAR)
B WA — . -
JERE Gi#z L) HPLC ¥ -HPLC/CAD®
mRNA 5e4 Pk Fr oY = IVELK . . . .
— VA _
corEskE | H IO | 8L LC FY T —FIVESKE | #A-HPLC
i EREw N kY] Gi#kz L) HPLC %A -HPLC/CAD
# WS Gi#kz L) (FERA7R) In vitro##R, SDS-PAGE
FH ARNAY HOLIRE IO HOLHT (FEBATR)
AR Y RO 2ty 4 e L ot/ GRS Ll ot GIRES B SRl
e mRNA?Y HOGIREE X LC HOLHT A F 2 -HPLC
o Mgy o HPLC HPLC WA -HPLC/CAD
A M IEEIC B LTI SO TR,
A F Y RT - WAH -HPLC-%4h/ T L 2 bR AT L — 4 F LR RS
O MR, pH, T FM¥T v, BUEMIRE, BB, REERY, AREWSR T, RIRARE, BERHOEBEFDSEERL W
O BT QAR SN (A A SR 03, SRISEIH2TH) Y RIS Tw L RBE R,
O RYHIZBIFHLEEMRNAGAHEZIRT.
DR EAE R (A A R 428, ARIBAE2H 14 H) TORDIK
O MWEALR T
HThb 070, BWETHEIIBWTmRNAD M-HPLC (R84 78y 7 AfiiE) #HWTEE

KGN B 7 RS A U 72 720 T H IO
OGN LHREERDH Y, EEmMRNADGHERZ
BHTAIEPEETHL. Lo XHiZ, ENT

7K

HENTZDOOmMRNAY 7 F X I2DOWT d,

Fr ¥ = VEKIKE (23574 HF) 8
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MRNA &HROFMA THI TS (Table 3).
EEmMRNA A RO Y72 - Tld, Bk
REDE U 72 mRNA 2 42E mRNA & X3 LTt

T HOEESRME 2 HET H 2
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Fig. 3 EIiEZERKEMEEMIR TEIYIEA TLS MRNAERO R E =

THEELZ2FBNITE A LR L, SHESRMCEEE
FIFTERNOGFEMIIAWTH L. FEH LI, RIS
Fr¥I ) —FIVELRIKEICE TS mRNA O 5 #
B E52 50N EDNTG X =5 OB E DT
BY, UFICZOMEZHNT 5.

4.2 FHES)—FIBEZKENEICK D MRNA
DHBEICHEZE5Z DRF

F v ¥ 7)) —BEAUKE) X NEL00 um DLF D
Fr ¥V —NEEEE LT, ZOHEmEXET
BET LI LIRS METH L. FIHT55
WRIR A ROV A FIE L 22X v ¥ 5 ) —NToHBE
2T FEEF v €T ) — FVESKE) L &Y,
BBz 5 TR CCHlET 522 &5 TE 5.

DF, Fx ¥ ) —FVERKHZHWT
mRNA Z 5Bt A BICRE 2 5.2 % 500 Lo ER
IZDOWVWTHRS,

4.2.1 HHEBEORME

mRNA O EEG T2 HE L7zF vy €5 ) —&EA
TkEhEEE & L C, BIEE R Tl Fragment Analyzer
(7YVybh-727/70Y—%k) &PA 800 Plus (¥
Ay 7 24) I HWLRTEY, USPOFT
7 M ENENOHEE T 7256 05 508
FEANCRE E T3 Y, Fragment Analyzer (&

T4 & D [t mRNA AT HERSE S v b - 3kB5c
HEHVEZEZRIIRE L TY AT AL INT
Wh720, St oOR#ELE HNE Lz A S =
A LI AN T W R WA, 12~96 Bk o %2 5E 1 70
FIEE AT 20 gE L LCTWwWAb. — T, PA 800 Plus
WBHELZZSVRRESEHTRTH L Eh D,
% DM GME - —DEBTEX 5 L) 5
Bd Y, SHESEFOREILSTRETSH LS. PA 800
Plus (& £ 8K o [7] g 73 AT A2 IZ RIS L T 22 W as,
ATy 7 2T LD ANV —F v MEER BB
& LT, 8Mufk% [W 53 #T 1] HE 72 BioPhase 8800 ™
We L TH Y, EELHTHEHL TS,

DT T, GMisthon 2o <4 XI2EIF72PA
800 Plusz HH\WTHUE L7257 — % % 212, mRNA
DS 2 REALT %) A TORBER 25
5.

4.2.2 JIBEK

BLRE 21 CmRNA 458 (258 U 7= B89 70 77 L 4K
BN TV ARWA, H<EY RV —<ILRNA
OGBS AEHNE LT, HERESTTTH S
polyvinylpyrrolidone (PVP) 257 Wik & L CH W
LN TE772Y. USPOMBERBFIHEFICB VT,
PA 800 Plus & M\ 7220 BE S0 7 WAHIKIZ PVP 23
HubhTwa? Fa4ETlE, RERNADS
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A HWE Loy VAL ME STV S
A9, ZORSCTIIA B NS 2 it L 72 % v ¥
TV = HVTWw572D, SHBITHOFYET ) —
ZHOTE T VRO RE 2 BGES 2 LED D 5.
4.2.3 TIEE
mRNAREZ * ¥ ¥ 5 ) =7 VB KIS
HE, RECEHEINLRNAIZFYET ) —TH
R Tl s, BBELOBRNMBINEICHED
E¥—2sLLTHHENS. THHORNAT ¥ —
(Fex IR O RNA DREY) ZHW2HH S OM
T, FVIREMRWEIIIS Y — 7 a5EHE L
GEENAY TR B — T, FVIRENET X DY
AITiE, FFIC40003E A E A Z 5 B RNA O Y —
IR < 7 V) S BEREDYK T 3 2 I 25520 51T
Wb, ZOEIBRT—FREETLE, FrET
) = IVEBRKBIEO S VIEEIZOWTIE, BB
mRNA O ¥ LA T D55 BERE DS < 70 5 R 12K
WAL B2 ENEETH 5.

4.2.4 ZEHH|

RO KB CTH 5 mRNA L, 5 THICB
WCEAIICHEAER GEREREE) §52 812X
DR BERBEEEZER L TCWEEEZ LN, &
KL DL I ELAKB TR SN A -2 lE%
i< L, HBmRNA LIEREESDEMICRLZ LA
MPRNADOY — 7 %550 - Bh3 5 2 & & W
5. WRFEEOEMUHANIF TN S N5 IELH
WEZMMESELILICL ) miERZIZE X, #
BEOLREEZRT S AEHEAET 5.

EH OO TIE, RFREPAT5%EMT
&, HFI230003E L EOEHDORNAIZDOWTE —
AL %20, SEEREMK T 3 2 2580 b
TWwW3, ZOZEnsH, RHEOMRNAZ 5 HET 5
Y R T OB & B e o VI R
THLIEDPEETHD.

4.2.5 KENRTOEILIE

BULHLIRNA G TWIDER S B EIEH G %
RS 5720, —ARPUEER O 5 KL DL MR %
BFXELIENTEL. T, BXIKEOH]
JLBEL L L C, mRNAREHIBILEL % i3 = & 2%
BEfe D LA TH B, —FH T, RNAZEIRIC
LGRS D 2D, FFICEHOmRNA L
st U CELIR 2 i35 B 20E, OBl R WS
a3 2 %D 5 (60~T70C THKEHR LB
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WCEHTHEEPHVONS Z EDE W),

e O OMETIE, IKEVAN LI Z 1T D
HI2iE, 2ok, ToRENHE ST VIR E H
WTHFYET Y —FIVERKENICHLAZE LTH,
RHEORNADOY — ZEH)A L % ) 5 BEREAMK T
TAHIEERBLTWAS, ZHZkiE, mRNAD
E RS O — IR BEOEMEH O AR TIE %
PTELBnWZEZ2RLTEY, BUHLEDOHHIZE -
THEE&tOREILEZD Z ENEELER .
4.2.6 XENEE

Eiko X 912, mRNADTER T % & ikigiE 0%
BEPEIIMBAC X DV IRIR SR A ENRNTED T Ep
5, BERIKEIHOMED HHICEETLLEEZ LN
b, ATy 7 A0F ¥ €5 ) =7 IVESIKE)E
# (PA 800 Plus % U’ BioPhase 8800) &, ¥+¥ ¥ 5
) —EAHET A EPEETHE. TIT, 2
DORBEZ WV CIKEIRFOREZ R L2 L 25,
BT OLEMTII2BTC LKL TE ) EvirEiE %
RYZEDHERENT. DT EIF, KENREDE
FE7e FAIERNA OG5 HERE DM LICAERITH D 2 &
ZRLTW5S.

4.3 FrESY—TILERKEIC LS mMRNA
D5 BERFR
FEHLE, DIEoRAENEZTZ [FxET
) =P VESIKE) DKW 8T A — & it L7z
ZMFCmRNAZ E 2 FCTHEECE 200122V T
MGEZ 4T > CWwb, BRI, 23774 fiEk
WAL 7Ny 7 AFHTED mRNA IO IERIC
W #4000 2 35 £ O mRNA % H W CTHRGE % 47 -
72, FORE, HWREREORHS%IZH 7B 200 5D
EARBL TR EIIESHETRETH 5205, Fh
LD NS VBB A RIBIZ O W TS LW 2 &
ZHBLTWS.

4.4 mRNADZELHWFHHEICH (T 5 RE

FaRo X 9512, mRNAKESEIES v v 7, FR
SIS SRR IR, 3 RV) AL S I Tw
%72, mRNADOZELOFicBwTiEIns
DEENFMEI NS, F v v 7MHINEIEmRNA O
5 K3 A B 2035 FE AR BE o 11 & e A 4% B9 1Y) b
LT ONZRNAK R 2 HPLCIC X ) 8L, 7%
bN7zzu<x b7 0I2B8 5 F vy Ik e
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v TREROE — 7 G2 & 5l T & 52,
R ABERICELTIE, RY A DS OHEZ HAL -
KL T8/ R A% LC-MSF#HTIC X ) GHili ¢ &
0. —FT, EREHRFFELZmRNAICEL T,
F v ¥ 7)) =7 IVESGKE) T L 723565121, B
AAX A EA3400035 28 R AL B O mRNA O 5541213,
200 HEZE LT O RIEIEFHMASHE L .

DL b o> 3B CRTAM ] BE 2 LN SIS AT 5 &,
5 K sHIR O — (57 K A 5 20~200 35 & 0
W), X33 Ko —& (2 3+ 7 4 HiEOR
VASEZBNZT S E, 3 Kigd 5 110~200 3 3
D) OB E DAL L4841, wIhoik
BTHEMicX vz 2% 5 (Fig 4).

Gk, TS K RBEOFRHIP OB Y72 5
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LA F Py ¥y (33 #sl) o L) REEN
7 RNA FCH - HE & D30T kA8 o a1, Kk
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RICH R LS 2 BB H 525, BRFHTIZZ oW
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WAL LR DRESL DS EETH 5.
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