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ABSTRACT

This study screened a collection of >2,800 naturally occurring products
and identified Ignatius beans extract capabl e of inhibiting mTORC1 activ-
ity. Hel a cells were treated with aqueous extract from | gnatius beans to
assess the activity of mTORCL1. Treatment of Hel a cells with Ignatius
bean extract inhibits the enzymatic activity of mTORC1 as assessed by
the phosphoylration of p70 S6K (S6K) at Thr 308 in HeL acells. Thisplant
seed extract also exerts inhibitory effects on the activation phosphoryla-
tion of Akt. In addition, flow cytometry analysis revealed that Ignatius
bean extract causes Hel a cellsto accumulatein G2/M phase of cell cycle.
Trypan blue dye exclusion assay was carried out to determine the cyto-
toxicity of Ignatius Beans. The plant extract was not overtly cytotoxic at
doses that inhibit mMTORC1 activity. These data suggest that Ignatius
bean extract could be used as a potent inhibitor of cell growth and cell
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proliferation.

INTRODUCTION

Ignatius beans, plant seeds of Srychnoslgnatii,
havelong been used asaremedy for treatment of neu-
rological disorders such asanxiety symptoms, nerve
depression, and insomnid. Thisstudy describesthe
inhibition of MTORC1 by the natura ingredient from
Ignatiusbeans.

mMTOR isanevolutionarily conserved Ser/Thr pro-
tein kinasethat controlsmany cellular processes such
astrandation, cdl proliferation, cell cycleprogression,
cdl 9zeregulation, transcription, and cytoske etonregu-
lation in response to a variety of environmental
changes?. Two multiple protein complexesof mMTOR
have been known. Unique accessory proteinsdistin-
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guish the two complexes. Raptor and Rictor define
MTORC1 and mTORC2, respectively®. mTORCLis
activated by phosphoinositide 3-kinase (PI3K) andits
downstream Akt and upregul ates anabolic processes
such asprotein synthesis, cell size, and downregulates
catabolic processes such as autophagy®4. mTORC1
activity isal so controlled by AMP-ectivated protein ki-
nase (AMPK), whichisactivated under low cellular
energy status*®. Much lessisknown about mTORC2
function. mTORC2 which promotes cell survival and
cytoskel eton organi zation, isaprotein kinasethat phos-
phorylatesAGC kinasefamily membersincludingAkt,
Serum- and Glucocorti coid-regul ated kinase (SGK),
and protein kinase C (PK C)[¢7,
Rapamycinisawel-known natura antibiotic that
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actsasaspecificalostericinhibitor of mMTORC1 pro-
tein kinase’®. The ability of rapamycin to suppress
mMTORC1 has suggested that rapamycin and its ana-
logs could serve asapotential therapeutic agentsfor
human di seases associated with the dysregul ation of
MTORCL1 signding. Although rapamycin effectively
inhibitscell proliferation and angiogenesisby inhibiting
mMTORC1 in somehuman tumorg®Y, rgpamycin has
crucid disadvantage as an anti-cancer drug. Thishas
been majorly attributabl eto the presence of negative
feedback |oop by whichinactivated mTORC1 activates
PI3K/Akt pathway, resulting in the activation of cell
survival pathway!'>14,

Insearch of naturally occurring plant productsthat
caninhibitmTORC1 activity, alargecollection of >2,800
naturally occurring productswas screened. Thisstudy
hasfound that an agueous extract from Ignatius beans
inhibitsmTORC1 activity aswell asPI3K/Akt path-
way resulting theaccumulation of cell cycleat G2toM
phasein cultured humanHelLacells.

EXPERIMENTAL

Céll cultureand reagents

Hel acellsweremaintained in Dulbecco’s modi-
fied Eagle’s medium supplemented with 10% fetal bo-
vine serum (Gibco, Grand Island, NY, USA) in ahu-
midified atmosphere of 5% CO, at 37! . Antibody for
tubulin was purchased from Sigma (St. Louis, MO,
USA). Mousemonoclona antibody for S6K wasfrom
SantaCruz (SantaCruz, CA, USA). Antibody against
phosphorylated S6K at Thr 389 wasfrom Cell Signal-
ing (Boston, MA, USA). Rabbit antibodiesfor phos-
phorylated Akt at Thr 308 and Ser 473 wereasofrom
Cdl Sgnding.

Preparation of aqueous extract from Ignatius
beans

Beans of Srychnos Ignatii were obtained from
Natural Medicine Research Center of Korealnstitute
of Bioscienceand Biotechnology, Dageon, South Ko-
rea. Theplant seedswereidentified by abotanist from
theherbarium of Daegu Haany Univeraty. Ignatiusbeans
(600g) werepulverized, washed withwater threetimes.
Thefresh portionwascollectedanddriedat 40 ! ina
hot air oven. The plant material washomogenizedin4

L of hot boiling water for 2 h. After filtration through
Whatman No. 1 paper, thefiltratewaslyophilized. The
lyophilized agueousextract wasused to evauaeitsef-
fectsonmTORCL1 activity, cell cycle progression, and
cell viahility.
Analysisof mMTORCL1 signal pathway

Effect of Ignatiusbean extract onmTORCL activ-
ity in cultured Hel_acellswas determined by monitor-
ing the phosphorylation of S6K, one of prominent
MTORCL substrates, by Western blot analysisusing
anti-phospho-S6K antibody. Activationof AktinHela
cellswas assessed eval uating the phosphorylation at
Thr 308 by Western blotting using antibody directed
againgt the phosphorylated Akt.

Céll cycleanalysis

Hel acdlsweretreated with Ignatius bean extract
(50-100 pg/ml) for 24 h, fixed with ice-cold 70% etha-
nol, and incubated onicefor 30 min. Fixed cellswere
then treated with RNasel and stained with propidium
iodide. DNA contentsof cellswere measured by flow

cytometry!®sl,
Western blotting

Levelsof S6K, Akt, and their phosphorylated pro-
teinsin Hel acd | streated with concentrationsof Ignatius
bean extract were assayed by Western blotting. Cellu-
lar proteinswereresolved on a10% acrylamide gel.
Resolved protei nswere subjected to el ectrobl otting
onto nitrocel lulose membrane, blocked with 5% (wi/v)
skim milk, and incubated with respective antibody.

Céll viability assay

Viahility of Hel acellsafter trestment with Ignatius
bean was determined by Trypan blue dye exclusion
method as described™®,

RESULTS& DISCUSSION

Inhibition of MTORC1 by an agueousextract from
Ignatiusbeans

S6 Kinases (S6K 1 and S6K2) aswell as el F4E-
binding proteins (4E-BPs)*"). are predominant sub-
strates of MTORCL. Theahility of Ignatius bean ex-
tract toinhibit mTORC1 was assessed by examining
thephosphorylation of S6K1inHelLacdllstreated with
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Figurel: Ignatiusbean extract inhibitsmTORC1 activity in
Hel acedlls. (A) HeL acells(10°%) weretreated with Ignatius
bean extract (5, 10, 50, or 100 pg/ml) or rapamycin (100
nM)for 24 h. Western blot analysiswasperformed by using
antibody against phosphorylated S6K to examinethe phos-
phorylation of S6K asa measureof mTORC1 activity. (B)
Hel a cellsweretreated with 100 pg/ml Ignatius bean ex-
tract for theindicated amount of time. Cellswereexamined
for thephosphorylation of S6K at Thr 389. (C) HeLacdlls
wer etreated with 100 pg/ml Ignatius bean extract for the
indicated amount of time. Western blot analysis was per-
formed to examinethe phosphorylation of Akt at Thr 308.

various concentrations of Ignatius bean extract. The
activity of mTORC1 wasinhibited by Ignatius bean
extract at ahigh concentration of 100 pg/ml (Figure
1A). Timedependent analysis of theeffect of Ignatius
bean extract revealed that mTORCL activity wasin-
hibitedin 24 h after thetreatment of cellswith 100 ug/

BioTechnologqy — cmmm—

ml Ignatiusbean extract (Figure 1B). Akt, whichisaso
called as PKB, isaserine/threonine kinase known to
be activated by phosphorylation. Akt isphosphorylated
by 3-phosphoinositide-dependent protein kinase 1
(PDK1) and mTORC2 at Thr 308 and Ser 473, re-
spectively. Activated Akt activatesmTORCL by inhib-
iting TSC1/2, a negative regulator complex of
MTORC1E. Treatment of Ignati usbean extract reduced
cdlular levelsof phogphorylated Akt at Thr 308inHela
cells(Figure 1C). Thisresult suggeststhat the natural
ingredient of Ignatius beans may directly inhibit
MTORC1 activity orindirectly influencemTORC1 ac-
tivity throughtheinhibition of Akt signding. Theinhibi-
tion of Akt phosphorylation at Thr308 strongly denies
theinvolvement of negative feedback effect by PI3K/
Akt pathway in cell streasted with Ignatiusbean extract.

Céll cyclearrest at G2/M phaseby Ignatiusbean
extract

MTOR signaing complex integratessigna sfrom
growth factorsand nutrient availability to control cell
growth and cell division. Thesecdllular eventsrequire
theaccumulation of cell cycle-associated proteins(518,
There are studies demonstrating a link between
mTORC1 signalingand control of mitotic kinases. For
example, mMTORC1 sgndingisrequired for GL/Spro-
gressionviatrandationd regulation of cyclinsand p21/
p27. mMTORC1 functionisa so knownto beinvolved
in G2/M progression through theregulation of cellular
levelsof Cdc2 and Cyclin B9, Our dataanayzingthe
distribution of cellsin different phasesof cdl cycleby
flow cytometry illustratethat thetrestment with Ignatius
bean extract resultsin an accumulation of G2/M phase
of cell cyclein HeLacellsin adose- and time-depen-
dent manners(Figure 2).

Cytotoxicity of I gnatiusbeans

Thecytotoxicadtivity of theingredient of Ignatiusbeans
that inhibitmTORC1 activitywasevduaedinHelLacdls
by Trypan bluedyeexdusion method*¢. Theplant extract
wasnot overtly toxic at dosesthat caninhibitmTORC1
activityandarrest cdll cydeprogression (TABLE ).
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Percentages of cell clycle phases

Treatment G1 (%) G2-M (%)
Control 60.23 21.38
50 pg/ml for 24 h 43.69 24.25
100 pg/ml for 24 h 15.25 52.10

Figure?2: Cdl cycleanalysisof Hel acellstreated with I gnatiusbean extract. Hel. a cellswer etreated with 50 or 100 pg/ml
Ignatiusbean extract for 24 h. Cellswer efixed with 70% ethanol and stained with propidiumiodide(PI). Cell cyclewas
analyzed by flow cytometry. Percentagesof G1and G2/M phasesof cdl cyclewereshown.

TABLE 1: Effect of Ignatiusbean extract on viability of
HelL acells. Thecytotoxicity of I ngatiusbean extract was
evaluated in HelL a cells by Trypan blue dye exclusion
method*®. Hel acellswer etreated with variousconcentra-
tions of Ignatius bean extract for 24 h. Cells were har-
vested and stained with 0.4% trypan blueand counted for
stained and unstained cells using hematocytometer. Per-
centages of unstained cells (viable cells) wer e presented.
Valuesrepresent means+SD (n > 3 experiments).

Viable cells (%)

Treatment (ng/ml)

control 100.0
10 82.5+9.38
25 85.1+8.0
50 87.0+£1.2
75 90.1+54
100 83.3+1.0
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