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» Literature Source .

To date, over 100 structurally distinct chemical modifications have been found,
including both enzymatic and non-enzymatic modifications of the canonical

ribonucleotides; however, there is a major gap in our understanding of how these chemical

modifications impact RNA function.

Our goal is to decipher the chemical complexity of cellular RNA. Towards this end, we
are developing and employing novel approaches integrating chemistry and biology to
investigate the functional significance of RNA modifications and the interplay of RNA
chemistry with cellular mechanisms regulating RNA function and integrity. Our studies will
rely heavily upon synthetic and chemoenzymatic strategies for generating modified nucleic
acids, chemical proteomics, and quantitative cellular imaging, and aim to reveal

fundamental biological mechanisms maintaining cellular homeostasis.



2 Introduction .

RNA is a unique polymer. It carries out a broad range of functions, from

(Mtranslating genetic information into the molecular machines and structures of the
cell to @regulating the activity of genes. It can also (3bind specific proteins or small

molecules, and, remarkably, RNA can @)catalyze chemical reactions, including
joining amino acids to make proteins.  /ps//www.umassmed.edu/rti/biology/role-of-rna-in-biology

RNA &y 4545 BR 2% B — B8 42 43 &t AR KA K T o
— NEAEAZ TR o T WA B, A s A o RNAKY
AT ZHM, A (R%E%) - G (B5%%) . C (&
)y URE™R), HABEZBRAKNER 2227 5%
& ST B PR




» Introduction .

EMIERRRK - WARAMRNFIEN, LB AERAARSARTEBESTINENES
EURNFHETTNHETNFERN, X ERFBECarolyn R. BertozzifE2003F 2 H .

¥

7K : RNAREHRIC RIRSTERAEN B EMNENG S

\ 4

S EZEBRHETENZEESIMAARNAT, B HIT—MWRRNALEYSNE N
BMAE. ZEREAMNER. XEMNEYE, TEAMZR B THRAMEARE R
hHh¥EBR-RNARNHEEER.

AXHARET = :

1. {# A4 -thiouridine (4-SU)g5-ethynyluridine (5-EU) A& 1513 BUAZH BR 1 FTRNAFRIC ISR
LLiREF, BERFRCEHBPR. Proc Nat! Acad Sci USA 2008, 105 (41), 15779-84, Cell 2010, 141 (1), 129-41

2. T AP EM/NEEEAN MRS REMEIRIC L. Nat Methods 2009, 6 (6), 439-41

3. RZETFTRNAR SIS R MIRCTI7E. RNVA Biol 2013, 10 (10), 1623-30




> Introduction
AR5 Bl -

HO N

Q-P=-0

kﬂj —> ) ]; ;'

OH OH OH OH
CMPK,
NDPK

MH
|
RNApOl o-f08-080_ “w

<+— 0 0 © @j

OH OH

b 0 0
M 5 %wu
N’L““‘o UCK o : M’k“ﬂ
o

O

JAm Chem Soc 2019, 141 (8), 3347-3351

6



» Introduction .

a chase (hrs)

0 1 2 3 6
0.5 mM NaAsO,
HelLa 1) transfect UCK2 N, Cy3-alkyne ’ :
> | m, .
N; O CuSO,, ascorbate
2 4
Ny
L N™0 /”W\y Y65G UCK2
< j 5-AmU (100 uM)
2 hrs
OH OH
Y Y =g . . . . . o
. .. e .....Cymlede

5-EU (1 mM)
... 2hrS.....

Cy3-alkyne

2

UCK2 Y65G + 5-EU

Hoechst

UCK2 WT + 5-EU

1.5-FUrdEF RSN, X HEEMREImER
2. 5-AmUBY RIS SR EE5-EU, {BEENZ A SPER &1k .
T RITER T RNAREFZH TR | REEX 2=

no plasmid + 5-EU



Y Introduction

X EH BR1CIE - - MLE B
P - [ZIE+PRPP —  RIRXEHER
NEIS sy

L RIBIFZE+ATP ——  BIEEEE

> FEBS Lett. 1985 Dec 2;193(2):203-7. doi: 10.1016/0014-5793(85)80151-4.

Azidocytidine is incorporated into RNA of 3T6 mouse  14.  Akerblom, L; Reichard, P., Azidocytidine is a specific

- inhibitor of deoxyribonucleotide synthesis in 3T6 cells. | Biol
fibroblasts Chem 1985, 260 (16), 9197-202.
Abstract 15.  Akerblom, L., Azidocytidine is incorporated into RNA of
3T6 mouse fibroblasts. FEBS Lett 1985, 193 (2), 203-7.
Earlier work has shown that azidocytidine inhibits the growth and DNA synthesis of 3T6 mouse 16. Kruger, K.; Grabowski, P. ] Zaug, A. ]; Sands, I

fibroblasts by inactivation of the enzyme ribonuclectide reductase. RNA synthesis, as measured by
incorporation of [3H]cytidine was not affected. Here I show that azidocytidine is incorporated into
RNA, but not into DNA. Incorporation of the analogue into RNA may under special circumstances

contribute to the biological effect of the nucleoside.

Gottschling, D. E.; Cech, T. R,, Self-splicing RNA: autoexcision and
autocyclization of the ribosomal RNA intervening sequence of
Tetrahymena. Cell 1982, 31 (1), 147-57.




» Problem and Solution 2.
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» Result and Discussion .

A NH, o] C

&

f N
LA LA
HO. @ HO. N° "0 HO_ I'rl ~0
) BF . Ny e . 0.
by 3 % '"v?/"v
OH OH OH N3 OH Ny
2'-AzCyd 2'-AzUrd

HO. @ nucleotide &OI
e 0 0
< / - » OO kinases +0-P10, @
OH Ny o s,
OH

B = &3 0
"_J:-io

2'-AzCyd 2-AzCyd + ActD 2'-AzCyd + HU DMSO

HE : iEBAE& A MEE A TRNATRCH T T4

7iE - AR S HteERE SR ZEEXL
WERR : 9> AlfEHACtD (HIHIRNAERR) . HU (H]
FIDNAER) REIEAERREFHRILLESERNAL

10

Cy3-alkyne

Hoechst

Cy3-alkyne

Hoechst



>» Result and Discussion D

dCK+2'-AzCyd

1.0
mAll 2'-AzCyd+dCK : -
| ADP 1
LY 2'—AzCrd—PO4 | g
L |' | ATP g 064
| | A
z | | | .' \ 6 04
| 1 7 f 4 / Q
Lo | e
0'__* T - r--_ = _rJ _r.__ - T T - T Uz" —-—-H-—UCKz
N.D. N.D.
ol 2-AzCyd+UCK .' oo S SR
.' P&\} P@G‘i PJ‘\)‘ PJCH
40 | ‘ |I * * v T
5 [ " c - UCK2+2-AzCyd -4 dCK+DeoxyCyd
& - Rea -=- dCK+2-AzCyd -+ dCK+Cyd
ol— — — i 1.0 o ¥ ——
TTTTT T =
;
o 2'-AzCyd + no enzyme f E
' F Sos
A0 A
I | \‘-.
Ly [ V. .
0 _l‘| — 'r_ -I I_; i T - "r —r—— _-‘1': 00 T T 1
Time (min) Time {min)

B9 : B3 B EREER 1k 3 b d CKATUCK P g s 1Y S 14

7335 + FAHPLCHIE el E s B9 S H FE R BEBR (L = B B

UERR : B =Y X T IE [@IERR T dCKEE X Y R E
B ESBERLEN .



Hela

% Aszd

B dCK + DMSO

Cy3-alkyne

Anti-FLAG

Hoechst

@ ) transfect UCK2 or dCK

\_/
2' AzUrd

2'-A

Z

Cyd

W
N

| My,

/—\

Cy3-alkyne

B
CuSO,, THPTA,

ascorbate

UCK2 + 2 AZC|d dCK + 2'-AzCyd

®» Result and Discussion

C

Anti-FLAG Cy3-alkyne

Hoechst

B Y : 1RIBEJICKAIRE S HEM HiT RIE

2'-AzUrd UCK2 + 2'-AzUrd dCK + 2'-AzUrd

UCK2 + DMSO

BE 5 {2 40 f S R ARIT

T+ ANREZE A ERRES & A A X b 240 B8 AR IS E

IEH : BEEF AR RXTENERRTRERANGFERT B

12



>» Result and Discussion .

0.4-
3 HH : EEWESRNAMEHKTE
;:; 0.3- 775% @ 32BUARNA, BSYIRIREEILC-MS/MS
g T
2 0.2-
D
S
S 0.1
< n_ B ACKB BN T, 2-ACyd
0.0- e BATIRNA L IR BIRE 74368, 5
0\6 O\b 0‘\6 \)\6 \g\b \3&‘5 B 2R E T IHUCK2EE 52-AzUrdE Y
R L Ll C RAHFIE R RR L0,
3 -
S 00‘*3' -3 \)dg,

13



» Result and Discussion 2.
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» Perspective .

RESRE :

1) Azido-nucleotides does not result in RNA degradation.

(2)2'-AzCyd is less toxic than the commonly used ribonucleoside and can label RNA without
enrichment.

(@) 2'-AzCyd-dCK pair to be superior as it facilitates RNA labeling with 10-fold higher efficiency.

(4) provides a tool for dissecting the mechanism of this process in mammalian systems.

(5 It demonstrates a unique synergy between deoxynucleoside salvage and RNA polymerases that can
be exploited to incorporate modifications in place of the ribose 2'-OH, presenting new opportunities

for labeling cellular RNA with diverse chemical groups for probing biological processes.
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