Q_e"‘”&

;f Kobe University Repository : Kernel

R
4ope

PDF issue: 2025-12-05

Inhibition of amino acid-mtor signaling by a
leucine derivative induces gl arrest In jurkat
cells

Hidayat, Sujuti

(Degree)
Bt (BEF)

(Date of Degree)
2003-03-31

(Resource Type)
doctoral thesis

(Report Number)
2827

(URL)
https://hdl. handle. net/20.500. 14094,/D1002827

X HAVFT VY RMPFREZOZMERTY. BNER - TEFASZELEY. ZEEETROON TV ZEENT, BIICTRHACEIW,

KOBE

\j].\]\'l:lihl'[ Y
J

%)



[113]

K 4 (K &) HIDAYAT SUJUTI (A/F2VT )

BLoBERSTFOL #Ht (BZF)

2 fi &8 & 5 0 BWEI8E
Fhikbso B # "‘aﬁ"{ﬁ%EEU%él%%lIE%Z%’:
250 H O FHR154€3A31H

[ A8 E ]

“Inhibition of amino acid—mTOR signaling by a Leucine derivative
induces G1 arrest in Jurkat cells”
(7VE-mTOR V7 FIVEEREEIL, nA Y TUINRT4TITE-T
FHE XL, Jurkat fHRRIZRWTC Gl i COELEEBIEHIT)
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INTRODUCTION

The mammalian target of rapamycin (mTOR) regulates signal transduction
pathways such as nutrients sensing which linked to the cell growth and cell cycle
progression. It has been shown that two major downstream effectors of mTOR which
important for protein translation, p7OS‘Sk and 4E-BP1, is regulated by amino acid

availability.

Among 20 amino acids, branched-chain amino acids (BCAA) play a critical
role in the stimulation of protein translation. BCAA, especially leucine, has been
reported to be required for the amino acid-induced p70SlSk activation. The precise
structure of leucine is important for its ability to induce both the activatior; of p70Sﬁk and
the phosphorylation of 4E-BP1. We found that leucine derivative, N-acetylleucine amide

(Ac-Leu-NHs), which have a modified amino and carboxyl groups, inhibit leucine

-induced p7OS‘Sk activation.

It was reported that rapamycih inhibits cell cycle progression at the G1 stage,
suggesting that amino acid-mTOR signaling pathway plays a pivotal role in cell cycle
progression. However, investigation of the effects of amino acids on cell cycle
progression is difficult, as amino acid withdrawal for a long period causes cell death.

Thus, in the present study, we explored the possibility of Ac-Leu-NHj; as an inhibitor of

cell cycle progression in the presence of amino acids and serum in the culture medium.

METHODS

Cell Culture and Treatments. Human T-lymphoblastoid Jurkat cells were grown in
RPMI with 10% FBS on 25-cm? culture flask. For amino acid starvation, cells were
first incubated in RPMI w_ithout FBS for 24 h, washed twice with RPMI lacking amino
acids, and incubated in the same medium for the times indicated for up to 2 h. Then
re-addition of amino acids similar to the concentration of those found in complete
Dulbecco’s Modified Eagle’s Medium (DMEM) (complete or lacking single amino acid),
or addition of Ac-Leu-NH; was performed as indicated in each experiment.
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Immunoprecipitation and p70 Assays.  p70 activity was determined by

immunocomplex assay using 40 S ribosomal subunits as substrates.

Fluorescence Activated Cell Sorter (FACS) analysis. Jurkat cells grown in REMI with
10% FBS were serum-starved for 48 h to synchronize the cells, and then incubated in
half RPMI medium with 10% dialyzed FBS containing amino acid derivatives as
indicated in each experiment. The cells were pelleted down by centrifugation, washed
twice with PBS, resuspended in 500 wl of 70% ethanol and incubated on ice for 1h. They
were then rewashed twice with PBS, resuspended in 100 ul of PBS containing 50 pug/ml
RNase.and incubated at 37 °C for 20 min. After treatment with RNAse, cell were
incubated in 500 ul of PBS containing 50 pg/ml Propidium lodide for 30 min at room
temperature, and then FACS analysis was performed.

Immunoblot analysis. For imfnunob]otting of p27, RB and o tubulin, cells were lysed
with ice-cold standard lysis buffer and aliquots of the supernatants containing 25 pg of
protein were separated by SDS-PAGE on 15% polyacrylamide gels, transferred onto a

polyvinylidene difluoride membrane and immunoblotted with the appropriate antibody.

RESULTS

Leucine is Indispensable for p70 S8k Activation. After 2 h amino acids starvation,
stimulation with the complete amino acid mixture at a concentration similar to DMEM
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caused 25-fold activation of p7! activity. Stimulation with the mixture of amino acids

but lacking arginine or leucine induced only weak activation of p70$6k. In contrast
with the strong inhibition caused by fapamycin, Ac-Leu-NH; only moderately inhibited
p7036k activity. .

Ac-Leu-NH; Inhibits Proliferation of Jurkat Cells and Induces G1 Arrest.

We observed that Ac-Leu-NH; at 20mM inhibits the proliferation of Jurkat cells.
Ac-Leu-NH; inhibited Jurkat cells proliferation as potently as rapamycin. FACS analysis
showed that this derivative inhibits cell cycle at the G1 phase similar to rapamycin.
Other amino acid derivatives, Ac-GIn-NH3, Ac-Gly-NHMe, Aé-His-NHMe, Ac-lle-NH3,
Ac-Lys-NHj3 and Ac-Pro-NH,, when tested at the same concentration (20 mM) of
Ac-Leu-NHj, did not cause significant inhibition of cell proliferation. So, the inhibitory
effect of amino acid derivatives in this study is not due to the high concentration of the

derivatives used, but due to the specific effect of Ac-Leu-NHo.
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Inhibition of Serum-induced p27 Degradation and Down Regulation of RB
Phosphorylation by Ac-Leu-NH; . Ac-Leu-NH; inhibits serum-induced p27 degradation
and RB phosphorylation at threonine 373 and serine 807/811, similar to rapamycin.
Ac-Ala-NHj; Ac-Met-NHj, and Ac-Val-NH also induce Gl arrest through the
inhibition of p27 Degradation and RB Phosphorylation. Among several kinds of amino
acid derivatives, we observed that similar to the effects of Ac-Leu-NHj, the derivatives
Ac-Ala-NH; Ac-Met-NH; and Ac-Val-NH; also inhibitgd Jurkat cell proliferation.
These derivatives caused G1 and inhibited both p27 degradation and phosphorylation of
RB.

DISCUSSION

In the present study, we found that the effects of Ac-Leu-NHj on cell cycle
progressien, even in the presence of medium amino acids and serum, are similar to
those of rapamycin. Evidence supporting the fact that Ac-Leu-NHj acts on celf cycle
progression as a rapamycin-like reagent is provided by the following arguments. First,
Ac-Leu-NH; inhibits cell cycle at the G1 phase. Second, Ac-Leu-NH3 inhibits
serum-induced p27 degradation. Third, Ac-Leu-NH; inhibits serum-induced RB
phosphorylation at threonine 373 and serine 807/811. All of these biological
properties, which overlap with those of rapamycin, suggest that Ac-Leu-NHj; appears to
mediate these cellular outputs through amino acid-mTOR signaling pathways.

There are four possible targets of Ac-Leu-NHj. First, Ac-Leu-NH; might act
through a membrane-bound receptor. Second, Ac-Leu-NH; might compete with leucine
for incorporation into an intracellular compartment at the level of a System L amino
acid transporter. Third, recent findings using oocytes of Xenopus laevis have provided

evidence for an intracellular location for the putative amino acid sensor in animal cells

that signals increased amino acid availability to mTOR/ p7086k. Fourth, results have
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indicated that suppression of tRNA amino acylation is able to inhibit p70™" activity and

that deacylated tRNA may act as a negative regulator of p7056k.
Finally, we found that Ac-Ala-NHj, Ac-Met-NHj, and Ac-Val-NHj; inhibits cell

cycle progression in the presence of medium amino acids as does Ac-Leu-NHj. This

- might imply the importance of alanine, methionine, and valine for the cell cycle

progression of Jurkat cells.
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BHLAW T 34 LT, BB TREMFERCREERETTZ
ERIMBENTNS, ZDF7( v OMARENSEHEZ. mTOR

(mammalian target of rapamycin) &9 200kDa®EXREY - AbF=

VEHEY UEEETHB, mTOR 4§ 3V 7 mERE. BEEAR.
EEOAE. MNaETE, MARE LA Y oMl HE L Tv 5, mTOR A EH
U B LEET 3 TRAF & LT, EAGRICES T 5 p70S6 ¥ —ER
elFAE EAERE R EMNMBNRTVD, —F . mTOR ~D EENH D1 7y
MELTIE, MIEEEEATFE & GICHBRETOT I /BRBENAT VANER
HEFX LTS, B1h, mTOR V7 H/WRERITHIMBEROT I/ BBiRE
DY —EREERELTNB LN S,

Feld, TI/8BOBThH, af VURBELRB/REERZLTNDZ LR,
Sy MEEHEERAWEERTIRaA VU OHEETHE, TEFARL VY
7 I K (Ac-Leu'NHs) AuA 22k B pT70S6 ¥ F+—EDEHELEEET S
ZEEBELTEE, .

T I /8E. mTOR Y7 FAGRERFTEENLTE—F, Z3w1 4%
mTOR ¥V 7 T IMEER CIEELENS VT NREREMRET 5, p70S6 X7
—EOEELRE., SR TEELLISNLARIZBW T, 73 /BOPREH
ETEHDORESTHDM, MIARALHN L & EIFR OGNS E4 5 ERR T,
T I EEERET B EVoABIIMBREERERT 270, 7T/ BOHREE
HETIRFEILTHIERNTETNeh o7,

FIT, KPEER, TI/BMHoDA 2Ty b ERO Ac-Leu-NH: TH
EL, 73 /BoMaEE, MaEcT3hROHMEICANSZENTE
EMEtEITIe o7z, ML LT, %24 o BEMICIETE, MaE
HAEEEND e P THIERTH S Jurkat A2 BN L, BUTFizEbohn
BRPENTHL.
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(2) S8=Avid, EROT 2 BIRATRIZL 5 p7086 ¥ H—FiEikhz
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33 RBEHDY VL, #iZ Thr 373 & Ser 807, 808 @ J v E{biL.

7/ BEETCAEIRLVRESNDS, 732/ @320 p27 D5
@ RB DY Bk RF EME T 3R, AcLeu-NHs bEHEOZNE%E
AL,
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