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EEYTIRIZL A CDOBETIERNAKRY AF =11 (Pol ID IC X o TEF I3, Pol II
DAY 72=y b O CRFEIRICIZ 77 I 7 OV IR LESI(YSPTSPS) 23 F1E L | #5 5 Bllh
K iE 5 HE D £ Y v (Serd) A3, RIFICIE 2 HHDO® Y v (Ser2)Bz ) vigfLIn s,
AL B e FiECEEMAE Z V72 2 g TofgEs . HeLa filED 1 D QEEHE L T3
L T 8 il oA (Ser2ph) Pol II 238 L THEE Z{To T2 & EZObNTWw5E, T ZIChllaR
(Ser5ph)Pol I 23/ % Z & T, BFFAME 2 O R O —HOEF KIGAS, EEK 80 nm @ [#1F
777 ) =] TITONDE EWIHRIMPIRBINT WS, LA L, #HHx v 7E %A L7 Pol
IT DAEMAAENERFT CIIEE 7 7 7 MY —OBRIINETHY . 51TV CERLIRREZ X L <
T2 & L W2o, IEIEHLIC ST 5 Pol I DRFZERIM 2 BIHE IC D W CTIEAH 72 5123
%< Hb, T I TARETIE, UV VLA Pol ITEHREZ MR L . X 0 FEMl i GRS % PR 5 2
Z & %ZHME LT, Serbph XU Ser2ph Pol II IC R 1 7niBin T2 — P —ABHPUAE: 7' v —
7" mintbody (modification-specific intracellular antibody) % FA¥ L. AMIIEN CEERMHEAL
& R D BIRERNTIT - 72,

IH® 1T, Ser2ph-mintbody I 2T, KIGEMH AL Z % v 37 EH 2 f# L ELISA % T
AACERNC R R 2 iR L 7. e T OR SR DRREE S L T, Ser2ph-mintbody % %7€ ICF
B3 % HeLa ffliid% Ser2 U v BEAUIHEFAICULHE, i DD ZAL DHMIE & FRAP T 21T - 72,
Z DAEHR, R OB DD & HCRIERE O FEME0 o7z, 2. Ser2ph-mintbody 734l
felNC Pol I Ser2ph ZFFRIVICEEFRL CTWB 2 L 2R L CTWwd, 7z, IS L 72385/ 23, Ser2
VUL R0 RFE TS L, XU mintbody OFBICHELE 2wl T IR
Ry T7ay T AV IICE o THERL 7z, %\ T, Ser2ph-mintbody IC & > THI%E X L 5 Hf 5 Difffl
Ntk 7= b OB EFHIIL 72 & 2 A, B X% 4,000~5,000 RETH o7z, Ziid, EEMIECB
WINTELEE 7727 Y —DE(~8,000 i) LT VMETH 5, Tz, HHDOY A XZHEL 7
LA, EORESDEERN 200 nm TH o7z, THIFHEFERFCTH Y EBRITIE 200 nm LAT O
ETH BRI E (L TN E TIClE SN T % HeLa fildoizE 7 7 7 + Y — D3 4 X(~80
nm) & FIE LRV, & 512, Mg d Ser2ph-mintbody ##i% L7- & 2 A, HAFHD & Hi
RIS 22 O R 2SR L. &I Oz I 2 L2 BRICH R B LR 72, 20
ERd., chFcolde —8T 5,

Ser5ph-mintbody 12T 3, Ser2ph-mintbody & [FIfkiC ELISA i X % AL 1 2Rk & fH
EF % 72 AR X > CTRPEMEZ TR L 72, £ 72, Ser2ph-mintbody & [RIFRFICFEI X &,




% HNEBIZ % 1T 9 72 %, SerSph-mintbody ICElE T 2R GH X VX7 EH ORGP, 5745
WRZIT-o72, ARM D Ser5Sph-mintbody # H w23 Z & <, #1% X { Ser2ph Kk U
Ser5ph-mintbody 232 < il S N A2 Mild 2 IS CTZ 2 X H i - 7=,

% mintbody 1T X o T X 1 2 TG FAAGEAL R R AR AL & i 5 BE K 1 & o JafE OB %
I L 7z, Ser5ph-mintbody (3. x5 B4R ICES#E S 2 TBP %, Blao b R~DOBITICEE
CDK9 7% & & @B R R L7z, /2, v vy —LBET 2 p300 XV G HAME ST
ICHFTEL T\ % BRD4 @ /5%, Serbph-mintbody & #HBIA % -7z, —J7 T, Ser2ph-mintbody
IZ CDK12 % SRSF1 & Vo LB HRLC AT T 4 & v 7 Bi#ES 2 KT L @ HBIE 2 B - 72,
TN DFERIZ, ERIRELL L FREMORENR EL s TVWE T L ZRLTWD,

HEH BAREAL & AR OB HRE Z f#AT 3~ 5 729 1C, % mintbody DA Z B FHERS L 72, HEL
D72 DNAEB Y AL vD~—51—E LTPCNA, v~y H—D~v—7h—L LT p300 % H
W7z, PCNA X SHATIEAIC Iz 2 — 2 u~F VICER L, SHIRICAR3Ic Lz >T~Tr 20
~F VICER T %5, SerbSph-mintbody Tk & 112 B G HMRERNLIZ. p300 Dl & [FFEE D%
HEEZRL, 2=/~ F VYHEBEF AL v X0 bIrcHEIC ok, —H T,
Ser2ph-mintbody IC & o TEFA I N ARG MESIIE, 2 —2v~vF vEE P XL VXD HRE
BIEEE Z2R U, G FAAR S & R AR DR EN I DE A3BH S 22T 75 5 72,

AW5E CHI% L 72 Sersph 5 X UF Ser2ph-mintbody 13, AMAEA IC 35\ TG BHIRTERAL & 55
ESMZ ZNE N T 5 2L TE 2587V — 1V Th %, SerSph ¥ & U Ser2ph-mintbody
ZHGZZARWRIC X o T, BERBHMIZEI 2 IC <, MREIIZEIZ LTV &hnr o,
IEERIRORRICIE, v vy —& T ue— X —DOHAEHCEEERTFESEMT 5720, 5
BRI I — i a2 — 7 m~wF v X D S EZI IR I nTnwd eEx b D, —F7 T, IEM
R rvu<g vidlEEa s 2 2 & CIER I L 72 IRAB & 72 2 72 IBRIALIZA % < Bl
WTWw3EFEZLbND, TNE T, BEORIGKIT & MEICEEHA DR —D XETfrbh T
5LEZLNTVEDN, AFRICL>T, UL DRIGIIENDORRZa v =+ AV P TEZ
> TW5 T EDREI NI,
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In eukaryotic nuclei, most genes are transcribed by RNA polymerase II (Pol II). The C-terminal domain of the
largest subunit of Pol II contains heptapeptide (Tyr-Ser-Pro-Thr-Ser-Pro-Ser) repeat, whose Ser5 and Ser2
are phosphorylated during the initiation and elongation of transcription, respectively. To detect the initiated
and elongating forms of Pol II in living cells, I developed genetically encoded live-cell probes, termed
modification-specific intracellular antibody, or mintbody, based on monoclonal antibodies specific to
phosphorylated Ser5 and Ser2 (Ser5ph and Ser2ph), respectively.

The specificities of Ser5ph- and Ser2ph-mintbodies were verified in vitro using an enzyme-linked
immunosorbent assay with the purified recombinant mintbodies expressed in E.coli. In HeLa cells, the
mintbodies were concentrated in numerous small foci, but became diffused by transcription inhibitor
treatments, which agrees with the idea that Ser5ph- and Ser2ph-mintbody foci represent transcription
initiation and elongation sites, respectively. The size and number of Ser2ph-mintbody foci in HeLa cells were
consistent with previous estimations in fixed cells. Time-laps analysis has revealed that Ser2ph-mintbody
foci almost disappeared during prophase to prometaphase. After complete disappearance during metaphase
to anaphase, Ser2ph-mintbody foci reappeared when the nucleus forms during telophase to G1.

Next, the distribution of Ser5ph- and Ser2ph-mintbody foci relative to HaloTag-tagged
transcription-related proteins was compared. Ser5ph-mintbody foci were closely associated with proteins
related to transcription initiation, such as CDK9 and TBP. By contrast, Ser2ph-mintbody foci were associated
with proteins involved transcription elongation and splicing, like CDK12 and SRSF1.

Finally, to understand the dynamics of transcription initiation and elongation sites, I analyzed the
mobility of Ser5ph- and Ser2ph-mintbody foci and compared with euchromatin and heterochromatin
replication domain and foci enriched in p300 that is concentrated at enhancers. Ser5ph-mintbody and
p300-enriched foci were less mobile than euchromatic domain, while Ser2ph-mintbody foci more mobile.

In this study, by visualizing transcription initiation and elongation sites using Ser5ph- and
Ser2ph-mintbodies, respectively, I showed their difference in localization and dynamics. The data suggest

that the transcription initiation and elongation occur at different compartment in a nucleus. (327 words)
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