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Studies on novel substrates of protein phosphatase type 1
(PP1) using tautomycetin, a specific inhibitor of PP1
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Reversible phosphorylation of Ser and Thr residues in proteins regulates many key
processes such as glycogen metabolism, cell cycle, smooth muscle contraction, and
protein synthesis. These processes are strictly controlled by protein kinases and
phosphatases. Tautomycetin (TC) was isolated from Streptomyces griseochromogenes
and found to be a specific protein phosphatase type 1 (PP1) inhibitor. The author
suggests a role of PP1 in regulating TNFoa-induced pathways by using TC in the
master’s degree program. However, still very few substrates for PP1 have been
established so far. In this doctoral thesis, the author employed TC to screen novel
candidate substrates of PP1 through the functional proteomics. In addition, a specific
antibody that is against to phospho-(S/T)Q sites of ATM substrate was utilized to study
novel substrates of PP1 in ATM-mediated DNA damage signaling pathway. The author
present evidence that ribosomal protein S3A (RPS3A) and ribosomal protein S6 (RPS6)
are candidate substrates of PP1, and Ser247 of RPS6 at the C-terminus is a target of PP1
and ATM in regulating pathway of DNA damage response. These findings define a
direct link between RPS6 and ATM in regulating pathway of DNA damage response.
This is the first implication of ATM kinase in its positive regulatory roles in protein

translation, and PP1 directly dephosphorylates the C-terminus of RPS6 in vivo.

1. Screening and detection of the candidate substrates of PP1

As there are approximately 25 genes encoding serine/threonine-specific protein
phosphatases, each phosphatase may have more than 300 physiological substrate
proteins, which may increase if we consider individual phosphorylation sites as the
substrates. However, still very few substrates for PP1 have been established so far. The
author describes an approach by using two dimensional difference gel electrophoresis
(2-D DIGE) for screening the candidate substrates of PP1 in HEK293-T or HeLa cells
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treated with TC. Comparisons of protein expression in 2-D images were carried out, and
22 of differential expressed proteins were detected. Fifteen protein spots were up-
regulated and 7 protein spots were down-regulated by over 1.5-fold. These 15 of up-
regulated proteins might be substrates candidates of PP1, while the down regulated
proteins might be induced by the side effects of TC. Unfortunately, most spots could not
be detected by silver stain and the identification of the distinct spot 626 could not be
achieved by MALDE-TOF mass spectrometric analysis, because of the low amount of
this protein. The author therefore used antibodies that recognize phosphorylated serine
or threonine within the context of a protein motif that is phosphorylated by kinase to
determine kinase activity and identify potential kinase substrates regulated by PPI.
Among the candidate substrates of PP1, the author was interested in a 30 kDa protein
detected by anti-phospho-ATM substrate antibody.

2. Phosphorylation of RPS6 at Ser247 is regulated by PP1 and ATM in response to
DNA damage

Optimal cellular responses to DNA damage are modulated by kinase and
phosphatase. The ataxia telangiectasia mutated (ATM) is a Ser/Thr kinase, which is the
core of the DNA damage signaling apparatus. DNA damage induces ATM activation,
and then ATM phosphorylates various substrates on Ser/Thr residues followed by Gln
(SQ or TQ motif). The loss of ATM functions results in progressive cerebellar ataxia,
premature ageing, and an increased risk of cancer. On the other hand, Ser/Thr protein
phosphatases type 1 (PP1) has been found to play important role in regulation of the
DNA damage response. In this thesis, the author used an antibody to phospho-(S/T)Q
sites of ATM substrate and PP1 inhibitor, tautomycetin (TC) to identify common
substrates of PP1 and ATM in regulating pathway of DNA damage response. Firstly,
Ser247 of ribosomal protein S6 (RPS6) has been identified as a substrate of PP1 and
ATM. Secondly, immediately after UV irradiation, the phosphorylation status at Ser247
of RPS6 was decreased significantly by PP1-mediated dephosphorylation. PP1
dephosphorylates specifically phospho-Ser247 of RPS6 in vivo. Thirdly, in response to
DNA damage, ATM activity is required for rephosphorylation of RPS6 at Ser247. RPS6
directly interacts with the 5°-cap binding complex, which is required for initiation of
mRNA translation. The phosphorylation of RPS6 enhances its affinity for the 5’-cap,
which strongly implies that RPS6 phosphorylation facilitates initiation of translation.
Therefore, the thesis provides the first implication for positive regulatory role of ATM
and a novel mechanism for modulation of RPS6 function by PP1 and ATM.

— 1096 —



PR LEEOES

T E O& B O£ &
Bl E #Z R OB K B Z
B O BEEE @ B OFE B
BMOAE B O#H E B M &

F A

Studies on novel substrates of protein phosphatase type 1
(PP1) using tautomycetin, a specific inhibitor of PP1
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AT, BIC120H., B30, 2, 5/ ML, BEFL2EMHBFINTND

BURIBDOEY v AL CREOTRMNARY VB, FV a—F R, HRE,
FEGIHRE, 7 /23 BREVHEEERBRAHSTWS, TALOBRBRIT T A ¥ ) —
PRBIVGKRATZ7 77 —Flo L EBIoHEEN TS, P bAoA EF(TO) L Streptomyces
griseochromogenes DIERIKN HHBE S, RS0 T A LKA 7 7 % —¥ 18 (PP1) FLEA
ThHHZEBRHEEN, EEIXITCEZAVWDZ LIZL Y INFa THREINTZ T T FNRERED
HEZ AT D IKK PREICHT 5 PPL OB ZHSIMI L TE R, ABMRICRWT, FHIIH
BBICEFEBLES T A I 7 AR T PPl OF - REEBEBEHEZEZETHZDIZTC ZAVWL, &6
1= ATM(Ataxia-telangiectasia-mutated, ¥ F+—H¥ D 1 f) THE I 2 DNAFEL 7 HABEKIZ
Bit5 PPl OFLREEHET B0, ATM BBV R(b-(S/T)Q LI 5 R
xRV, BHEIZUE ) —<wA & 78 S6(RPS6) A3 PPl OREEMTHD Z L, RPS6 D C-
D Ser247 A3 DNA BEEISEOHIHIBRERIZRIT S PPL & AMDERN L RDZ L OFEMERT L
TW3, ZhbDERIZ, DNA EESEOHIERERICNIT 2 ATM L RPS6 D E RN 2 BR & /H8D
FT3LDTHD, RETL. £ T PPL A RPS6 @ C-RESZBEEACBLY v BBLL., # %7
ERREZAIMMPECHBETEZEE2TOTRRLTWS

1) PPLLATHOFRERFZ VN IZROBRLRAE

LRI LD, BV ALF=URBRMERAT ¥ —EBEa—-FLTWHDEREBEZ
20NBEFTHAIZENS, TNFROFRRATZ 7 #F—FBIZIL3 00U LOEBEMLREER D
D, BEOY BLE 2 ZEBICAND L ELIHMTHEELZONS, LALARMEG, PPL @
EHIIVEMRRD LN TWAICTE RV, EHIT TC A L7~ HEK293-T Hild & 721X Hela MifaiZ
W5 PPl ORXRBEREZERT HEOICEER _KRET 4 7 7 L o A7 NVEBR kS (2D-DIGE)
FROWEFEIZOWTERLTWS, ZRITA A—TOZ X7 BRBEOLEIfThI, BE
WERRONE2 202 7 ERBRHEENTE, 1 5&8ROX NI EARy MREBIZ1. 54F
UEDOTERREON, TEFOF VX7 EBEARy MERIZMFEBA O, BHRITENR LN
158DZ 783 PPl ORBEEMTHY ., BEMHNRRONIF 7 EIX TC ITXHBIK
BISREEZON, BEALDAR Y MNIRRACEIVKRETEX T, ABRICKRHETEX AR
v hBE626DXNIELH T BERTSTIX AW DIZ MALDE TOF-MS #Tic X W RIZE
TR TERhol, 2L TCEEIZ, PPLICEVHBEENEZ 0T f o3 —F0RE 2R
FL, FF—PEEPRETEIEDIC, FF—FILo) v BbEhb 2o 0 BEF—T7L L
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TV UBEINAEY UHBEWVNIRA VA= 2BBI B2 HAVWE, 6 EEOXF—¥, HIb
YA 27V w7 AP EEHET T AL % F—PAMP), a5 A FF—F CPKC)., 7aiA %
F—+¥ B(Akt), H1 7V ARFEHEF T —F (CDK) . SZURERFEMELF T —F MAPK), BL O
DNA Iz A MRS EICB VW CEITIER 2 %8 2 27 LTV 5 ataxia telegiectasia [ F#E
LT A FFT—POREPOHBEDOY v BtEY v - ALA = 2B THHEL PPl BEH
PFREARI TC 2V &L, PPL ORBEBEHEZBVAALR, TCRUEIZLY VU VERLY Ry
HORBBETLERRON-EEHEFHO Y H . EHIZIAM L PPLOBEOREEERME EZ X 515 30KDa
DENRIECEB LU THERM LT 2D 30kDa DZ 237 B L LTRPS3A & RPS6 &R E L=,
FFiZ. RPS6 1 TC ALBRIZ L B Ser247 ¥RiL TH Y L EE{LA LC-MS/MS & R/ NV EBRIKB OS5
THERIN, RDODBPP1 L AIMOLFEOEBETHAZ EHBHHA L,

2) DNABEIZINE L7 PP1 RTRATM IZ X 5 RPS6 O Ser247 #Ar Coo U »B{LH#

DNA EEIZH T ARBOMMICEIIF F—FPERRA 77 F—PIC L D FE TV B, ATM (% DNA
EBES T INVBREIZRANTHLRBEZRZLTHWSEEY Vs ALF =0 FF—FPThsB, DNA
EFITAM OTFEHILEZFE L. B EER T AMIZEY U ERIRA VA= BT AL E I
PEBEINDIEF—T7CQELRITQEF—7)2EOF U BREELELT, Fh o0k v
SAVA =Y BT D, ATM BEEO RIBIT/NNMEB K FRE. BHIEL. BAREDOY 2
7 O¥ME b72HT, —FH T, PPLIZDNA EENEORIEICEELRHZRIZLTWHWBILLA
HENTE 7, KFRIXTIX, FEHIXDNA BEISEOHBEBRBIZAWVWTAIM & PPL @O RE %
FET S0, ATMEED Y V8- (S/T)Q S 2RI 556 L PPl HRMHEER Y b=
AEF 2RV, £TRPS6 L PPl & ATM DIEDOREE & U TRHIEE Lz, RPS6 D Ser247 TD
U B LIX BN R BH B %I PPL BATET ALY VEBMLIZ L VBB L, Zh6DERIT
PP1 23RN T Y L BR{L-Ser247 DAL T RPS6 2V VBE{LT A Z L 24 LT\ 5, DNA 5EIZ
IS LT ATM OFEMEALIZ B AIIZ RPS6 % Ser—-247 O THO Y L BLIC L ECH -7, RPS6 I
5 ~Fx v TREASHEAEREBEEAICHEEAL RPS6 O VBN ZORSEHIMEEA M
BEINTWS, ZDZ LiZRPS6 DY B{LAS mRNA OBIERBEG A RET A Z L 23 R L T
W5, TNHORFBREEIC, FH X oRNA BFRERICRIT 2 ATM OIEOHESAEE L. DNA £EH
BICHE L-HIRE & AEfEL2 I35 PP1 & ATM IZ L % RPS6 OMEE 4 /E T 2 5= 1ol
BELTWS,

b, ZHEIIPPLISEAMAEAITC L AIMBEE DY B{L-(S/T)Q B 2B sHEEAVWT
PP1 & ATM DHEDEE & LT RPS6 6 E L1z, IRWT, ¥4 8772 X0 DNA BERBICIEE LT
PP1 & ATM IZ X % RPS6 @D U B{LIREEAR TC LA Z AW TIEM L. DNA EFEITISZE L= PP1 &
ATMIZ X % RPS6 OMBELZ BT A F - e 2 IRR L=,
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