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Acrolein Detection by Unrecognized Reactivity of Alkyl Azide

RIKEN, Biofunctional Synthetic Chemistry Laboratory
Ambara R. Pradipta and Katsunori Tanaka

1. Introduction

Acrolein has been a longstanding key biomarker associated with range of disorders under oxidative stress
conditions. The conventional analytical method for detection of acrolein, e.g. HPLC analysis after derivatization
with 3-aminophenol under harsh reaction conditions, is not suitable for high-throughput assay and inconvenient
for measurement in clinical practice. A monoclonal antibody can be used for detection of acrolein—lysine
adducts; however this method is time-consuming and expensive. Consequently, developing new analytical tools
that are straightforward, cost-effective, and selective for acrolein detection in live cells remains highly important
for the diagnosis and therapeutic treatment of oxidative stress-related diseases. Herein we demonstrated a simple
but robust method for detecting and imaging acrolein generated by cells in the context of oxidative stress
processes or introduced via environmental exposure.

2. Discovery of 1,3-dipolar cycloaddition between phenyl azide and acrolein

Recently, we serendipitously uncovered (i) o 0 H 0 "
that phenyl azide can participate in 1,3-dipolar N3 \)LH stabilizeg-\l/z;/ . FZ,/
cycloaddition with acrolein to produce THE ©/N~N'N B N\N"N
4-formyl-1,2,3-triazoline 2 and 4-formyl-1,2,3- PhN,4 rt, 30 min ) H = 3
triazole 3 derivatives, which represents an 32% isolated yield 15% isolated yield
unexplored reactivity of aryl azides. Reaction = ---------------o-mmmomosomomoooo e
of phenyl azide with 10 equiv. of acrolein (i} /\/\/\)OLH PPN Y?\H :2_ y

4
A

present in THF at millimolar level smoothly )
. o N3 0 N N
gave the heterocyclic products (Fig. 1-1). The ©/ A~ VLH ©/\ ~ Ny
reaction is generally complete within 30 PhN, THE 1t 24 h > O H
1t 2

minutes at room temperature in the absence of Fie. 1 only react with acrolein
ig.

catalyst. Interestingly, in the case of

4-formyl-1,2,3-triazoline 2, the double bond isomerized at conjugated position of C4-aldehyde, and
decomposition was not observed even over an incubation period of several days. Significantly, the 1,3-dipolar
cycloaddition between phenyl azide and acrolein is highly chemoselective for acrolein. Under the same
conditions, no discernable products were found when phenyl azide was reacted with a- or - substituted acrolein
and activated olefins serving as model of lipid metabolites (Fig. 1-ii). To the best of our knowledge, such
inherent reactivity Fig. 2.
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not been reported 30 min, 37 °C products b THF s
. PhN, Solvent / c DMSO
before n the Biologically relevant
. interference d H20
literature. 40
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metals or interferences, to give the “clicked” products in range of 20% to 50% yields (Fig. 2-i). Furthermore, we
found that phenyl azide is stable and most of the starting material can be recovered after reacting with 0.1 M
H,0,, 1.0 M glutathione (GSH), or H,S gas under the experimental conditions (Fig. 2-ii).

3. Visualization of extracellular acrolein released from oxidatively stressed cells

In addition to the Fig.3 " CN
impressive reactivity and Me- 'J\—
selectivity of the phenyl (wba(c,ffgjc’ke) C/O)\ . V©/N\ﬂ'N

. . . egqe . . — N
azide with acroléln at milli- Ozlt?:::e V?H ) \rof
molar concentration, we also MeN
serendipitously  discovered WS PE——— > =_)
that the  azide—acrolein HUVECs HUVECs
“clicked”  products  were . () 4+50% (d) 4 +100%
(a) 4 only (b) 4 + acrolein tobacco smoke tobacco smoke

internalized into the cells.
Accordingly, we envisioned
that phenyl azide with
fluorescent group, could be

()50 M H,0,  (f) 100 uM H,0, (2) 500 M H,0,  (h) 1000 uM H,0,

cellular acrolein generated
by cells under oxidative
stress or introduced via
environmental exposure. The

reaction-based cell imaging

used to detect the extra-

approach was put into practice using the tetramethylrhodamine (TAMRA)-labeled phenyl azide 4 (Fig. 3).
Human umbilical vein endothelial cells (HUVECs) were treated with 10 uM solution of TAMRA-labeled phenyl
azide 4 at room temperature for 30 minutes, accompanied by [1] pretreatment with excess acrolein (Fig. 3b); [2]
exposure to tobacco smoke (Fig. 3¢ and 3d); and [3] the presence of hydrogen peroxide (Fig. 3e-3h), which
induced cellular oxidative stress.

Gratifyingly, the fluorescence intensity across the whole cells increased significantly upon treatment with
TAMRA-labeled phenyl azide 4, which pretreated with acrolein (Fig. 3b). In the case of fluorescence images of
cells exposed to tobacco smoke, we found that the fluorescence uptake by the cells was notably enhanced in a
dose-dependent manner (Fig. 3¢ and 3d). Furthermore, acrolein that generated by the cells after treatment with
hydrogen peroxide was also detected using our TAMRA-labeled phenyl azide 4 (Fig. 3e-3h). Detection of
acrolein in situ generated from the live cells was still possible under exposure of 50 uM of hydrogen peroxide
(Fig. 3e), and the fluorescence intensity increased with the increasing consentration of hydrogen peroxide. Based
on calculation of the standard fluorescence graph, we estimated about 100 nM of acrolein could be generated by
treatment of HUVECs with 50 uM of hydrogen

(i) ROS detection (ii) TAMRA-labeled azide 4 (10 uM)
peroxide. Our method is superior in detection 500 300

sensitivity; while the traditional method (fluorescence- 250
400
based detection using 3-aminophenol) only detected 2 -

uM of acrolein in cell medium, our new protocol can 300

. 150
detect even 1 nM of acrolein. 0

100

Furthermore, by utilizing both ROS probes and
TAMRA-labeled phenyl azide 4, we demonstrated that
our method could be used to independently detect and

100

Relative fluorescence intensity
Relative fluorescence intensity

50

0 0
S & S, & & &

. . & & S &a & 8
image the early formation of ROS generated by @i&@ &S e @6&& PSS
. . . . ———— o —
menadione and the late formation of acrolein following < Menadione treatment & Menadione treatment

& &
Fig. 4
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lipid peroxidation by the produced ROS on the live cells (Fig. 4). Significant accumulation of ROS in the cells
was detected as early as 10 minutes after treatment with menadione (Fig. 4-i). On the other hand, the late
production of acrolein by cells was detected after 60 minutes of treatment with menadione (Fig. 4-ii). This result
also provides evidence that the reaction is highly selective towards extracellular acrolein released from the cells.

4. Mechanism for the cellular uptake of “clicked” products
At low temperature (4 °C), which inhibited

energy dependent cellular uptake pathways, ER Tracker | 4 + acrolein Lyso Tracker | 4+ acrolein
. ‘,

including clathrin-mediated endocytosis, and reduced
membrane fluidity, the cellular uptake efficacy of the
TAMRA-labeled azide—acrolein conjugates
decreased significantly. Treatment of dynasore,
which is an inhibitor of dynamin for clathrin- or
caveolae- mediated endocytosis, reduced -cellular
uptake of the azide—acrolein conjugates. These

results suggested that endocytosis is an important

pathway for the cellular uptake.

Me TAMRA-labeled

Organelle staining with Hoechst 33342 (nucleic ; ¢
Me-N phenyl azide

acid staining), ER-Tracker Green (ER staining),
LysoTracker Green DND-26 (lysosome staining),

and MitoTracker Green FM (mitochondrial staining)
were applied to the detection of TAMRA-labeled
azide—acrolein conjugate accumulation in the cellular

=
7]
=
2
£
o
3
g
b3
2
S
2
i

organelles  without cell fixation. Confocal

Fig. 5

microscopy images revealed a high colocalization of 6 2 4 6 & 1omm
the azide—acrolein conjugate in ER (Fig. 5-i) and lysosome (Fig. 5-ii), but weak colocalization in mitochondria
(Fig. 5-iii), and there is no flow of the azide—acrolein conjugate into the nucleus.

5. Conclusion

The detection method described here is convenient and simple. Conceptually, it based on an “overlooked”
and serendipitously discovered reactivity of phenyl azide in the context of 1,3-dipolar cycloadditions. Because
environmental exposures to acrolein and oxidative stressess in cells lead to detrimental diseases, this method
provides an important foundation for developing new therapeutic diagnostic tools. It is also noteworthy that the
enhanced organelle accumulation of azide—acrolein conjugates should be advantageous when considering future
development of small molecule-based diagnostic and therapeutic, and their controlled intracellular delivery at the
organelle level.
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&F/ RHEREBERALV:-7 204 FREEEDERREIL

OBl #he - hft 53 - BEH BE  (FEAFIRST - RRETIART)
NAEERRFIEN & I 5FEEHF TO0— T DR L NS KRFERBE~DE
(5]

OHFH #®NHh-#ERE EH-kx8 KE-HP F-LUR B EKRI-E
X 1AB)

E-FALTF 2 L/ EEARORBITRA LB RIEDER LRI AN

OR #hk-#HL W3-l Bz -TE BEA-RE X— @RKEREI)
BTEE A RIZk % 1 HIREA 2 53 FHilfE

OB ZFF-4 B—-op# -y HEth (REBEEKREL - 8T KET -
£IK7A2T47)

BRAEE T TO—FIZ &k 54—+ L OIEYBRAEERZA

Ol ZEXEN -5 HE-SF B_-RHA BE¥-hE &HA-TH BEiT-
BE BF-AT £AI-FE @Bt - FT @8 (&XEE - 2XWPI-1TbM)
BRIEERIGICE Y RESEEFMBERICEDILI / —ILERILERNLEZAL R
R HERE SBIE

Oxke it -HL #BF-TK RF-485 UVAH-IRE = -1#8H FEE -
¥ B EA-RS FX— (ELERKI - BRKI - BRst/ 1 F7/31
ATY /80— THAF—T7—AHK1)
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2P-001

2P-002

2P-003

2P-004

2P-005

2P-006

2P-007

2P-008

2P-009

2P-010

2P-011

2P-012

RREA—HEK: HTHELF—LMTES
9A8H (K) 10:40-12:10
2P-001 ~ 2P-118
(10:40-11:25 &H#HFE S  11:25-12:10 BHES)

ZHR ) BREDOEMIRE Z AL T 5 pH ISEMEHL T O—T DR

OffiKk Bk - 1ILEE EN-/KE #-Fh Foth  GRKRT - HALKZTHE - BR
K IFReC)

RAAEREET AFBTRAI VX VI EEAERBARIZBITET7 U FSEURE
JxF U LUIRDER

Odt#t &= - HE-MHF ME-Z5E EA-NI H#5-/h B (&
KBREFER - SRBTHZEAM)

BREA A ONEBHEDONEET T HBRERRITWER (3 IE=)LE K52 —
EHE IV CIFET A FF I HILRZS—EDEERRNTHRE]

OFEB ZH-Ff =XEBE-EO0 E-F8 #HNh-WLK #-BE¥ 5 AEX
KE - IanfEX REMEE - RITK hER4ERH)

D F DB IEE) & B F 0 BRI RERN Z DL\ T DR

Ol &Ez-tt FHH-/Ng —F-EEH T JCKEEE- ST SESH0F- 46
PN o)

DNA F/ F 21— T DEWEE S X T LADIGH

OW/A &ME-FL xE-/M2 Rz  (PRKET)

A4 TIA A= U2k BRIAEHIIADSIRERRT

OKLZE E=&x-#L —&-Ef BE-MAf B - B8 E— (RKbRE-
RiEgKT)

FEEEARY) DT LT EFLUDOEREZTDA U RA— 3 R

Ol ZR-A4E BX- KA A GRFKERLED - BUFERLED - BERN
AF+/)

JINA—RAFIH4—ETA I/ OF 21— OBEFRENS

OFE FF-ful HE-/IMY Rz (hRXKET)

KT 5 —L oF / FIFDOER &Y XKl

O/NE EARBER- LR {E-#)I =X-HA X (GXREID
HAMERRIKEEMDER & FFRH

kB IE-OfElL Ef-EHN PER-5H F5-8F5 FA-FE %= -Akdeniz
Ali - Anzenbacher, Jr. Pavel  (REIILKBEESR - BAREH - R—1U 255 1=
I K1E)

FREBEA TV NTOVIT S R/ TO)INBEREESTIA~DRROBE

OWIll 5 - &5 K& - IUA 8  (AXEET)

TILEZIL XY LAF R UEEERUVV-EERR DNA EHRICH 5 —18EBRK
& DIRE EmETh

O/MH #HBABA-FE B -HE FE (BLUXERESR)
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2P-013

2P-014

2P-015

2P-016

2P-017

2P-018

2P-019

2P-020

2P-021

2P-022

2P-023

2P-024

2P-025

2P-026

2P-027

B FRHEFIA L-a/VL R (1D A2 O/RR FOFRIEEE S R MR

ORIH fEX-%%E Rsh-BH BF-#RE XA ERKRER

9 EERFEREXRTF FER R E4ER

OIRA AR - Fh&E =T - —K £ GEXIEHD

LEARAZOD ) TR RADXZIVHILKRUBEA AV DEAIZLEAN) T4
—

Oz = -BH BT IR BA @&ERXRER

AEEMHESIEAIZ L S BEMABIERTF F7 LD E & BFiREE~DIGH
O -/ Z-=F AN GRIXEGREIFR

FL— M2 & 50 LSHEBEREAN LSRR HutZ OFEMRE & T 050 FiE
Ol #5E-BiR HAR-WE £ JLXEEE - EXERE)
BUIRDBESR)UER N TO—TI2 & B TR b— REOMIEN Mg BiRe A A —
2l

O E#i-/KE #H-MF HE-SH BE-=K #8A-FHt Mt @
KB - BALK ST - RKIER - AL &EISE - Bk IFReC)

ER bA ) DILEERERE L LIzY O F VIEEROMEERRHT

OxfE #H%E-#& BN -FEX RFx GEKREL - BRREH

RS wd 71\ —%iER L - Z B EHRAOERE LR

OME =i -2l FN -5 FHKFE-EE B3R EF GERRI-E
KREEreELE - BARSCIRDT - RAERIA)

Fe(ID) EBR 7L a— LB KRBROEUEESMLAFEICIET 5 ERF O UEREDHR
Z

oA FHE-HKHEH BEX-BIH EX-XFH h=z:-PH BX EHEEIKX
[ )

HCARHE starPEG £ FO4)ILBED=HD A L KO A LEBRIDRET, AREET
i

OFMl A=E-A % (BXREETL)

LDSP 1t D RIGHERIE & TuRZ 2 DD BESRY U5

OEm EHE-m) HME-BX BJF-E 8k-B8+4 FRRl-Eth & R
KBET - AKIERE - L KREFH)

BN FMFF TOREEABERIE~DE S FE1E PG-surfactant DFZEET

O/ RFE-Btth HhE-)IlL B - BP BA-#8 EX-FE - KkH
BA  (BIKRTI - BRAAESTIHHD

ST O RIEMRRICE (T AR AR TF VEGTFHRENZETIC S 2 558
O EX-SR =N -=B RE-UF ¥X-HHA %F-mEE =5
o 2 (BIKRIEGRL - BRI A AT1HIL)

MR TF FOESARNBIEIZM =0 FERETERS

OBZR ¥ -EM BXR-#y HE-%8 R GKkRID
REEHEERERTF FOBCESILE ST/ HITFERICHEIT5HE0E

Ol EiE-SH £A-BE Rttt GFEAKETD)
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2P-028

2P-029

2P-030

2P-031

2P-032

2P-033

2P-034

2P-035

2P-036

2P-037

2P-038

2P-039

2P-040

2P-041

2P-042

D ABHERERROEMRH ZERT 57 F I 0—JD%Et & T DA

Ot #hisf - B ¥ - ILER B  (FEERAFXERIFZRHERD

De Novo NLR I IN\)BEEEI—y b & Liz/ A/ FOSILOFE & Z DHEESTHT
Ofill &KX-XR X7 -# &F BRKEREL - JST T EHUF)
EERGEMBSEZFIA L= b OL o, OEFEEMLAE

ORG FHE-a1H -8 BT GRIK&EHEI)

ZEEHIEICE B L-SiEEEER TF FORK

O=& &% -IUT 1BF-HK BN -RE BT-miE 5% - KE - @Bs
E— -k HE-FEF EH (ENEESEREEMER - RIGEKERERER
EPRAMERD

BERMNEBRICERWN =R TF KBS EANDERE N FOEREIL

OFEM BXR-%HE HE-#8 BHE LKREI - AKBRRIRE - ARKE
+)

DEEAT DNA A F)ULEER D DNA $EEHRK DBV L SERTEEANDEE

OEA = -Ff #- Ko #R-EF BN GEEEK S£HH

RIF FREOHEIC & SERMER L EER LI=REEA Y HILRTF RO
i

OF Lt B4 -BHR XE-BHBX MA-XE £X-HE FE  (BLKEEE-
FHEKMTE - AEKT)

MRS TR A T AR TF RE v ) 7 &R 7 =F D DEEIARRK

Okt B&E-SH £A-BE Kt GFEAKETL)

BIRZ O BEEYE T4 2\ EEHER] ORFEISH

OFE ZEth-HH F— (EIK. ST-ERAI0OFEHEIOS S B)
TILFZURTF MEHE T Y VY —LERV-HIEREA R ORISR

OFO A8 - BEH #BE- —K SHLEA-T &2 (RIEFKTF/ - IRAFKREE -
KAL)

IT0 BABLICHEL-RIL T 1 1) o-E FOSF—EEESFRE ALK ER
RS

OF#H @#XK-HL Hth-/ME FX-8HE BT CGEIKXREGETL
ThITE RO N MEREER LIZBRERANLAR 2\ DS & EhEd
M FHESZEENDOFHT

OTANG NING - KiFl 38 -# &F  (RKRERETL - JST SEHUT)

B800 /N T 1A Y B O T 1)L ah Bk L=tk 2 /N B LH2 OHiFEE Y4 X
St

OFEH =H-{kE #E3R GESKET - JST IEHT)

Burkholderia cepacia |ipase (BCL) DWHEAZEEFDEIRK

OEFHE Fust-/thA FR-kE E KHEIUYA LMASH - BILKRER)
BUSERTEE LTOET / HIFLICEEIL LIZREANY AILRTF FOERE
b i

OO BE-BA A -HL {E EWUKEE - WEXD
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2P-043

2P-044

2P-045

2P-046

2P-047

2P-048

2P-049

2P-050

2P-051

2P-052

2P-053

2P-054

2P-055

2P-056

2P-057

2P-058

KRB CEBRTF F—RESHROTAE & Michael KRG 1T S AR EME
OFAt & -8Bk BmF-HFRE 2B BRKRED)

RIGHEREREZEA LREAEAMEAREORRE L IEELE Y ILEDRET

oxO B#F -/ BT - B HE- )L EE-BF BA-#y BX-F
BOE-kE BA  BIKRL - BRTKES LI

BRIV TIITIZR DR i\ BREDFIEEARDEE

ONguyen Khanh Tien-#RF £ - &8 B - E£¥F MR (GRIK4EHETL
ANLDFEBIZE DRBMEEBERERILA T L FXY -1 OEMEHIE

OFEE8 #HAK-AF E—MB (JLXiERE - JEXERE)

YRR R NV EDF/ A TIA~DGH

Ozl B3 - P BA - KEF BA (@&IKRI)

Ni-NTA REHEEFA LA ILAEX ¥ T2 FAD His-tag # 2/ \ Y BDIRTER

OER KREF-/KH BE-TEE £-WF Al (BXBET - BXEAMED

) DBRIERTF FERRET 209 FREICHE T ) UBRERESEOEREEL
B NPHITEIC K R

Oty k% - FAZE 7518 - Caaveiro Jose - B4 %% - Sl 2B - Entzminger
Kevin - j#A& &  (BABRL - Abwiz Bio, Inc - RKERF)

D T oA —FRWNAEEEES T IVOERE 2 /N BEOREEEL

OKXE Hx—-H#O EBEHA-/ME BEATF-HB 8% -KF BA BIXREI)
mIHE ) R Y — LERAVWEROEMEHE

BR HZ5h-OMH 2 FEARXEID)

S5 R DNA ZE5RL & LTI=RTF RESRICDBIF

OZF# £ - BN -FEAX RFx  GEKREL - mRREHHD
RBITERTF BF/ 7 A N—IZ&BTILYINA I—IRRZ 21\ BD5EH
il

OfEft =&k - /A #BEF-BE RIE-&K /B -EH F7-fA KA -
A B3 (EIHk - RXBREEE

BAFE Ay MR LRI L DR o BSRY VY

OFK {E—BR-FEH =-iE#h # (GAWBETL - CREST)

HREARNE® in vitro A Z45M U-HRiR S — F OBAF

ORXH #F-WO EE-=F FEE-ILF Eth-AF| EL-#HK 8F-3K
BF -k B -BR OBT-RAK RBr  GEKRI - BXEHGS - BRKE)
RE7ILFIEZIALLFRIR bOT USBRIMEFERI ORI

OIFH 57 -BE HE-=% BE-HK BEN-HL EFH-NE BE-F
[R IEBR (EIfbf - BREFEKRLER)

AN LERRENA LR OISR EEDORSR

OFF HE-Zi5 H—H-H7 E=-B2 FA (LK - JST-CREST -
£ XY EERRE)

SHFMERTF FEFIALIZRERS /) BOEER EA~DOIEHIE

Oififk BHE-4% H7T-=H FH-2A FF-28 B8 @IKEL-
FPNSHEEAEi=2)
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2P-059

2P-060

2P-061

2P-062

2P-063

2P-064

2P-065

2P-066

2P-067

2P-068

2P-069

2P-070

2P-071

2P-072

ANI#%E% D-aTNA ZFIF L =858 > J 7 )UIBIREIERDBAFE & RNA B~ DS
ORE ®i-#U FEa-XE & (&KL
U-U S 27y FREEEIRNCEENZ Bis L-hoF 70— J DS
OFfkE W - /MK = -Hazemi Madoka - BIF FIH - kR H (FEILKSZET
w)
DNA 7 72 = —%FIA L =D AMIREDHTR I RS D ERERITAZE
Odt#t s -E<K RE-Bin ZHH-ifE EF-ZH H—H-$8 K-
= BR-BE FX-PlE RF-HEFE BE GEERKRE- B AP0
T4/ 0o—X - EERKRRES

HEFESTEELSINI-DNA ZEHDERK
Al #K-BEF mE-O/NEF & (@ERIIKFEIZEE
LEA A UIEME DNA MESES LS DETILEY ) 1) —REEOHRE
OfEE #ME=-Hf FHE-BEM BX-fEL TH-B8Y Bit-XXx #B— @&
FARILFEERT)
ELFaS5—E—aUEiF/ Z— FILZERW= invivoixnA T)ZALE— 3 U8
iy
OWfE Wic-M B4E-LF ¥E-HE F--6HK W-F2 SBF- AR
—E-F B (FEREIKRIEST - BRI AA T AT 1 HIL - BIKEIH
FBORATLI - BRABRI< T 7ILI)
DT/ EZIAIINT—ILERWN DNA RBERGICEITHEY) S DU 5 MDiEHRE
R
Ottt EZ-EEAX @& JEEmK<TI7IL)
FEIRIR BN THXEEZ AL V= anti-miR ol igonucleotide MBAZE
oMy HicF-ET #BF-FfL FHR-X8 & (% KFET)
IRTVAIARE VNG BEITHT 2 ANIHEET T4 7 —DRIR
OBt #HNM %R EX-BEX F— -5H Z-/IEHF BAE-FEFE EFE-
fE IEE-/NE B (RKERE - ERERM - B ARRET)
—AREEEE I NV B L DN OHEBEERZRET 520D (1-~"2JT5-2-4
W) -T1-TF7HY2 -TAXIT7/ o0& FTHEALTA—T
@) % H% - EK BBIR - £F #F0°F - Canggadibrata Jan Christian - f)Il =
2-ER BEE GRIKER4&dR)
ﬁf?@ﬂ/? N2 & BHYABEE mRNA DLk
OfE #HE-HAX H-BK —H-LHF CE-£K EC- A BF-=F
Kiéf (ARG KFIRST - ARG K FIBER)
BERXHEAZ siRNA [2X& 5 RISC BAE LT
OkR EF-F% TR -8 BHkeF-Xx8 & (B KFET)
“EBRTSA T - YRYA LEI=y ML E LI-—RTTRNA F/ 588 E
OFf [Ea] - 4 % - #Il Hth  (EUABRET)
RIKDNA 7 T2 v —h 575 SITHEREEIE R F R AA T T =X~ & #EEET i
O#H EA-#EKXK Z=i-IUE E4  GEXERI)
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2P-073

2P-074

2P-075

2P-076

2P-077

2P-078

2P-079

2P-080

2P-081

2P-082

2P-083

2P-084

2P-085

2P-086

HFFUEERARIL T 4 1) -DNA 7 TR R—EEERDF ¥ ES ) —EKKESHT
ONgFF EE-FKEF BE-#E xR (\FVDyv oA - RIEKRT -
MRAFARET)

MVP-9 &M% &R L F-#iRO AHIBSEIRMHIINEA S X T LOBE L RS - RID
D AFRFEALEREEA DR

ONE #HE-EBH #m-FTAK RE-RK ES-BIF B-#A EE-E
BE (EILKExH - RRERERX)

A-to-1 RNA#RERIC &K VUSRS 545 7 — U EHIEE DERET & HEHERRAT

O%0 BEE-kk 1E—-MHE Bh-80 HE ERXEXRELEEEHTR -
HARME—HIEHE > R T LE - 12K

RNABEE D 2 —ILD 1 Kot F/ &EFEZ BE L1 RNase P )R A LDHEI L BIEE
OrtZE KRE-#FE F-08 Z#F-#HI Fth  (BILUKE - SILKEEED)
ERNEEREE R T HEITO—TEHL = RNA FISH

OFEF THR-2B E-thft ZEZ-[K BE-BX @& dJdpEtmKeTY
7IL)

1EEHDNA 7 732 < —Z FULV=HEEEME T « T U4 )L ODVESL & HIREIETEI C R XS $hERD
e

OHE f#{Z-HL BN -RE EFE GEEXFEXEREIZMN

DNA O B—Z #BEBBIC R L XS ILEHRT 51N YAV FDvoar4 X
FARZFE

Ol @k -1kak Z& KkRE

DNA UESH 7 IVIZHIT DD FI 0T 14 VT RDEE

Ot HE-Htb #HE-88 ME-BEF BX-BS Bike-XXx #— @E
FRILFEERT)

AL MR RAREMERIRED-OD E =LA LN —)LFERDER
ORIl FEEE -8 EZF-FHX @& CGtEtmKTTU7IL)
EDa—NBS—U U HEENA L CHEBEENICBILI — R TSRS R
DNA DEET & &R

O%H Bzfr-tH FE GEHKEE

ANIHERIC &k 2 EEIFEAE HSE Argonaute (TtAgo) DEEME

own g -5 H—0M-H3 K=-BI FA (BXRE - 2AYMEER
)

HENEFRISREI—%HT SN 2RV EASFEH—DFRH

O=H B X% HEE-F K- 1Lug —B  (EERIKFRT)
FERIHKTEDNA 7R A S—EIZ K ZEBEAMFEAIDINADER : ITRTILAF
LDFE

INA BB - OFTiE 18ER - 188 XE (AR

DFRNERHBIAEEFIE L - AERFIDBR E VLo —REE R EFEN T 538
BRI REA~DIFA

OfE ME-# TF-F UE-XE EE-/INE BB-K8 5hz-5
x E®  (RIKREdHE
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2P-087

2P-088

2P-089

2P-090

2P-091

2P-092

2P-093

2P-094

2P-095

2P-096

2P-097

2P-098

2P-099

2P-100

2P-101

2P-102

R ADP YR—RDILFEERK

O HFKR-FEAX RFE GEKEEI - BXRSCimH)

DFAIZZDODRIL b REBEEEET 5T UR—ILBERDOER E T DR IFHIE
DT

Ohft EXE-XF Z=H-#U —-EL8 B &A) 81 GERE
i - BUE R - BEKNAAF/)

|) UREEAARIERFMEIZ 51+ 5 —ERRSN ERIOMREERA

OXH# HRIZ-TNl EE-BA BFE JELEmKTTT7ILYA TURHAERD
Si-Si #EEDIFHEZEFIA L0 R RER DR

Offif ER-&£H FERER-AH FEHA-BAR &-FE F (BXREE- X
5729

T/ TIVTO b=y O MEADOFREEE S

OHE ZHH-mH BE-#MEF —H GEKEI - JST-ERATO)

HARRT IV F74 2 ERMICHIE T 5 27T/ FIFORS

Otk E-FR =N-HE —Z (FFEAREED

8 firf&hi Bhe EDBAR & SRR r— MEEYMI~DIGH

Ofi Kk ™iE -4l FB CEHKERE

FERFE T CHIBMHLREZER T 57— FIRIKY) U EEEDRS

ORE K— -8k ®iE -l FHB CGEHBARE

3T3-L1 RERASAAHERAD MEI = & A HNEER R E L

ORIA FME-/MF KRiES-MEF EX-HE #a-FF k&t JE &
TKRIZEMET - F—FXBEME L2 — - RIKIEREGELTEER)

EEB L TOEFBINEREZFIA LR T4 X X URBRFIDES LR
IBE A5 -20 FE-fEU BE - 80 -OHE #iE  (RBEZRE -
REARKETE - BEAKBTStinEE)

Ralstonia eutropha (XA EMRIZ K HDHEER LU ) £O—Lh 60K E RAFS
TILA UEBEHBEEERDEESK

Megxiao Zhang -Chayatip Insomphun-iH #1R-d# B-OFE £ &
RIERFAGET M)

HEEFIA D =X LIZE D RHEGRIEBYFI70—J DG

O%E ®K&-BHHh F-LE FEN EKRERD

BRRETIZE VLB ERE L= h—RF /) Fa—TBEBADALZ VN ER
EH I UVESIEEIFEOFHE

OLtH# #H-/NHFH R-# BF ErAEREI)

EABSIEERNSA A—D U #RAWV-BREHEEE 2 o Y—~ DA

O#HL #WE-FTARK RF-Tl #Bz-7E EA-RS F— @FKRED
EHhL—H4—T7=—1) U512k B SERS HTHESRE T / Bt ERD/ER

oIl Z=-FHNl #Mz-RE F— (&KRED

Bom LT=#E5 2/ \ ) BREZERE R T 50 F 1 v 7 U bR v —BRORIR
Ofkm HER- il fE3 - bl #Es&k - MR B (#HFXRREL - #FXI -
ZHZFRE)
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2P-103

2P-104

2P-105

2P-106

2P-107

2P-108

2P-109

2P-110

2P-111

2P-112

2P-113

2P-114

2P-115

2P-116

2P-117

2P-118

Sulfane sulfur Za[HFMIHRET HHAETO— I DK EZ DGR

O BF- -1t E-ER-BAX —%-#H HRE GEAGE - TARE - AVED

CREST)

EIEMART ) U9 F v TEAWL-GPR ) Y KRTF RS54 TS5 —DEAT

O 287 - Espulgar Wilfred - FK M-k EA-HEH X -RE X

—  (BrRKBRL - mRIRR)

EIRBE—IBTRESILFE Y ORR

OFItE InfE - i BE—BR-will #8k-FE BEA-485 V54 K8 F—
BRKBEL - (B) NMATNARTH/B8—)

TILFHRBH R T LERAVW-E—HIANS LY = E 1 L— 3 VOB

O=H FE-#HEF H-Bd RB-Wk 2-TFHF IF EEREIKRD

T/ WRIFEEDIZ & BEARS FET

OF #&-F%H ZE BHEX-4£YER

MBD @& luciferase EEHE Z L= O—/\JLDNA A F)LELAR)LE S EIEREDR

F
OFZ BXR-8i IX-FH E GRRERIMKFERER/N\(F - AT+ T7ER
DEEY

LT 2 U EBIBIZ & B 7 LXK VBRI LimE - BRALERIG

OMAZUMDER JOYOTU - FH)Il #Zz - K& F— (rRKEREI)

RNy B) DT ETYER L T-SREERENRIEABO SERS 4%

O%k FH -l Z-BK E-Tl #hz BB F*— ERKIH
REBIREBOfRETZ B L —ERECE A D F 7O —J DAt

OAE E-H F-IUE B EXE&EI)

N RT3 )LERIESB ZE AL -ESEERETHA

Ot £-#HLt W -7 EA-RE X— @RKXEI)

<4 Y AR ERAVNYILERSEORKE

OAR WLWOH-1BA BAE EUEXKFEXERITEMERD

2 0EBEEFE OO T EILAR— FERV AR EM R R

OF#t TAL - FWN Bif - EM HhREA -l 2EER-2 —a -F #- /W
£ (WKRL - AR R4E)

BHFAAZ1—F )Ly FT—4 LT 02012 HifaDMe = rAIRIET 5

OFfiff] BRE-XB Fm-&af BX-KE BEHA-HI E—-=% F R
KEEET - fRKETI)

KBRPIZEITDRAFILR VEERORACEHERCRIFTVMETILITZI DD
R

OFH B - #HH ZFBB GRRKFEHEEMEREEMARERD

B NILAA A B2 & DEESTEEDRR

O # -Phan Troung Tue - &4 #  (tERIRKTTUTIL)
BADORRERDIZOHDRAT— 75T )L [PCR-on-Paper] 7/\41 RDEF
OHimankshi Rathore-Yuzuru Takamura-Manish Biyani (AtBESEIHK< T 7IL)
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EmBEBDEA

[BmSF)] BINBIZEE HBTAOQ 9ATH K FiIBEYBBRKBLES,
[BRERE)] SACTR—LI74+LS—, ERE. PRELZEZITMY TS,
[LBEEHEE)] YHERZMFCTSNOFHEZZEBLOLET.
[BmB&ERE]
(A1) LB —#8 7,000 A, £ 3,000 M
JEEEE : —#8 9,000 . %4 4,000H
(48) 8B£E  : —#% 9,000 M, =4 5,000 H
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