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Abstract : We previously reported that methanolic extract of noni fruit (Morinda citrifolia) can 
inhibit growth of Saccharomyces cerevisiae. This finding suggested that noni fruit has anti- 
proliferative effect. Previous data based upon FACS (Fluorescence Activated Cell Sorting) 
showed that growth of S.cerevisiae inhibited in G1 to S transition phase in the presence of 1% 
methanolic extract of noni fruit. Further analysis to explore genes involved in this slow transition 
step, we conducted real time PCR. Expression some genes changed in the presence of 1% 
methanolic extract of noni fruit. Transcriptional level of gene CDC28 (cyclin dependent kinase-
28), CLN2, CLN3, dan SWI6 changed 2.25, 2.79, 4.87 and 7.21 folds, respectively. This data 
suggested that over transcription of those gene inhibit cell cycle progression. CDC28 is master 
regulator of mitotic and meiotic cell cycles, CLN2 and CLN3 are G1 cyclin which play an 
important role in regulation of cell cycle, and SWI6 is transcription cofactor where forms 
complexes with SWI4 and MBP1 in regulation of transcription at G1 to S phase transition. 
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1.� Introduction 

Noni plant (Morindra ciytrifolia L) is a small tropical tree that well known as volk medicine for 
some diseases. Almost all parts of this plant such as fruit, leaf, bark, root, flower, and seed are widely 
used in traditional medicine including diabetes, hypertension, arthritis, infections, gastric ulcers, 
depression, senility, menstrual difficulties, headaches, sprains, muscles aches, colds, cancer, poor 
digestion, atherosclerosis, blood vessels problems, drug addiction, antibacterial, antiviral, anti-tumor, 
antihelmin, analgesic, hypotensive, antiinflammatory, immune enhancing properties [1-2]. Noni plant 
grows widely in Polynesia. Unfortunately, many of these property claims are still needed scientific 
experiment. We reported antiproliferative effect of methanolic extract of noni fruit using Saccharomyces 
cerevisiae cell organism model [3]. 

Antiproliferative property of noni fruit is an essential property to inhibit growth of cells. Many 
antiproliferative mechanism involve genetics and epigenetics alteration, change in cell cycle progression 
mechanism, DNA replication, response of genomic integrity stress. Therefore Saccharomyces cerevsiae 
has a potent as organism model in screening medicine candidate for anti cancer and elucidating genes 
function cellular mechanism for antiproliferative property [4]. 

http://creativecommons.org/licenses/by/3.0
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Cell cycle is the series of events to produce two daughter cells divided in four phases in the 

following order G1, S, G2, and M phases. DNA replication occurs in S phase, while replicated DNA 
molecule are segregated to daughter cell in M phase. During G1 phase, the cell grows and prepares itself 
for S phase, while G2 phase is the gap between the end of replication and the beginning of mitosis. These 
cell cycles progression have to run properly and control tightly [5-6]. The regulatory subunits of the 
cyclin-dependent kinases (CDKs) or cyclins, that regulate progression through the cell ceycle, and cyclin 
D1 overexpression is found in more than 50% of human breast cancers and causes mammary cancer in 
transgenic mice [7]. 

This study aimed to explore genes involved in anti-prolifertaive effect of noni fruit to 
S.cerevisiae as organism model, S.cerevisiae wild type strain was used as an organism model. Our 
recently research based upon FACS data resulted that in the presence of 1% extract methanol of noni 
fruit inhibited growth of S.cerevisiae wildtype strain FY833 slightly inhibited in G1 phase. mRNA level 
some genes were determined using quantitative PCR. From our study indicated genes CDC28, CLN2, 
CLN3, and SWI6 involved in arrested in G1 phase. 

 
 

2.�Materials and Methods 
�������	
����
Isolates, strains, and media S.cerevisiae used in this experiment was wild type strain FY833 with 
genotype Mata his3Δ200 ura3–52 leu2Δ1 lys2Δ202 trp1Δ6. YPDA broth medium comprised of 10  g/L 
yeast extract, 20 g/L peptone, 20 g/L glucose, and 400 mg/L adenine, while 20 g/L bacto agar was added 
to prepare YPDA agar. Extract methanol of noni fruit was mixtured into autoclaved YPDA media. 

2.2.�Experimental procedure 
������Culture 

 
Routine cultivation of yeast strain was conducted by streaking yeast on YPDA agar media plate 
incubated at 30oC for 1-2 day. 

 
������Spot culture 

 
A 5 mL cells grown on YPDA broth culture until reach OD660 1.0, cells were then collected using 
centrifuge 5000 rpm, and resuspended cell with a sterile water adjusted until getting cells with 
concentration ten fold dilution series started from highest concentration 108 cells/mL, and 5 μL cell 
suspensions were spotted on YPAD agar media plate with and without 1% methanolic extract of noni 
fruit, Incubated cells at 30oC for 1-2 day. 

 

������ S����
��������������	�������	�
�

Synchronization of cell cycle were performed according to manufacture’s protocol with slight 
modification. FY833 strain cells were grown in YPAD to mid exponential phase, and washed with a 30 
ml sterile water twice by centrifugation 2000 rpm 5 minutes to remove a protease (Bar1p) produced 
MATa cells that destroyes the α-factor, then were arrested in G1 phase using 6 μg/ml α-factor (Sigma) 
incubated with shaking three hours, after which cells were washed five times with fresh YPAD and 
transferred into fresh medium in the presence and absence of noni fruit methanol extract. 
������FACS (Fluorescent-Activated Cell Sorting) analysis��
�

Cells were grown in YPAD medium overnight and transferred into YPAD fresh medium to reach 
exponential phase culture (OD660 = 1.0 or 107 cells/ml) at 30OC. It then was prepared to performed 
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FACS analysis according to [8] with slight modification. After washed three times with 30 ml sterile 
water, the cells were released by resuspending them into the same volume of fresh YPAD broth media 
with and without 1% (w/v) extract methanol of noni fruit. Sample culture was taken and transferred into 
2 ml eppendorf tube every 15 or 20 minutes. Cells were collected by centrifugation for 1 min at 12,500 
rpm and resuspend in 300 µl of 0.2 M Tris-HCl pH 7.5, and then 700 µl of cold ethanol (- 20oC) were 
added gradually with vortexing, and stored it at -20oC until using fixed cells (> 12 h). Cells samples 
were washed twice with 0.2 M Tris-HCl pH 7.5, sonicated with minimum output (set the level “1”) for 
5 second (2 second x 2 times with interval. Cells were harvested by centrifugation for 5 min at 15,000 
rpm and resuspended in 100µl of RNAse solution (1 mg/ml RnaseA in 0.2 M Tris-HCl pH 7.5) at 30oC 
for 3-4h. Afterwards samples were collected by centrifugation for 5 min at 15,000 rpm and resuspended 
in 100 µl of PI solution (Trisodium citrate dehydrate 20 mg, NaCl 11.6mg, NP-40 20 µl, PI 1 mg, H2O 
20 ml) on ice for 15 min, added 400 µl of 0.2 M Tris-HCl pH 7.5 and chill on ice until measuring DNA 
contents. Suspension cells were filtered using 5 ml polystyrene round bottom tube within cell stainer 
cap. Finally, treated samples were analyzed using FACS (Fluorescent-Activated Cell Sorting). 

 
������Determination of mRNA level using quantitative PCR (RT-PCR 
RNA was isolated by the hot phenol method [9] with some modification. Briefly, cells grown in 
independent cultures to mid-log phase at 30oC in YPAD in the presence or absence of 1% (w/v) noni 
fruit methanol extract were harvested by centrugation 2000 rpm 5 minute. Total RNA was isolated by 
sequential treatment of TES/ distilled water saturated phenol, Trizol-LS (BRL), chloroform, and 
isopropanol prior to precipitation with sodium acetate buffer (pH 5.2) and 99.9% Ethanol mixture.  The 
resulting RNA was dissolved in pre-chilled distilled sterile water. 
First-strand cDNA was synthesized using a High Capacity cDNA Archive kit (Applied Biosystems) and 
used as the template for quantitative RT PCR with a 7300 Real Time PCR system with SYBR green 
PCR Master Mix (Applied Biosystems). The RT-PCR primers used in this study were designated using 
Primer Express (Applied Biosystems). The primers sequence are shown in the Table 1: 

Table 1. Primer pairs used in this study 
No Primer Nucletide Sequence Sequence 

   Amount 
1 KfRT-ACT1 5’- TGGTATGTGTAAAGCCGGTTTTG -3’ (23 ) 

 KrRT-ACT1 5’- CATGATACCTTGGTGTCTTGGTCTA -3’ (25) 

2 KfRT-CDC28 5’-TGGGAACGCCGAATGAAG-3’ (18) 
 KrRT-CDC28 5’-GAGGAAAGCTTGGCTTGAAATC-3’ (20) 

3 KfRT-CLN1 5’-AATGGTCCTGTAAGAGAAAGTCACAA-3’ (26) 
 KrRT-CLN1 5’-TTTGCGGTGAACTACTGATATGTTC-3’ (25) 

4 KfRT-CLN2 5’-TTACGGGACCAAGCCAAATT-3’ (20) 
 KrRT-CLN2 5’-TTACAACCGCCCCAAGTTTT-3’ (20) 

5 KfRT-CLN3 5’-CGGCAACATTCGACTCCTA-3’ (19) 
 KrRT-CLN3 5’-GGACAACGCCAGGCGATA-3’ (18) 

6 KfRT-SWI6 5’- TGAAGGCGATATTTCCAAACTATTAG-3’ (26) 
 KrRT-SWI6 5’- CTGCGGGAAGTTGATTTCGT-3’ (20) 
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7 KfRT-WHI5 5’- GGCCCATCCGCGAAAT-3’ (16) 
 KrRT-WHI5 5’- TGCAGCTTGACTAACGCGTAA-3’ (21)

 
 
 

3.� Results and Discussions 
 

3.1�Phenotypic Assay 
 

Anti-proliferative effect induces cell cycle arrest. Recently, we reported that the growth of  S.cerevisiae 
wild type strain FY833 was strongly inhibited in the presence of 3% noni fruit methanol extract, and 
cell cycle completely inhibited at G1 to S transition progression [3]. This indicated that cell arrested 
either before or after the establishment of DNA synthesis. 

In this article, we report that in the presence of 1% noni fruit methanol extract on YPAD media, the 
growth of S.cerevisiae cell slightly slow down. The growth was observed slower comparing with cells 
cultivated in the absence of extract and incubated at 30oC for 1 day as shown in Figure 1. 

 

 

Figure 1. Spot analysis growth of yeast S.cerevisiae strain FY833 in YPAD agar media in the 
presence of 1% methanolic extract of noni fruit. 

 
 
����Yeast cells synchronization with α-factor pheromone�
This experiment aimed to obtain cells with unbudding cells form because cell cycle delayed in G1 to S 
phase. After 6μg/mL α-factor pheromone was added into MATa cells cultured in the YPAD medium. 
Based upon morphological observation stated that 80% cells in the unbudding form and 20% cells in the 
budding indicated that cells were inhibited in G1 to S progression (Figure 2a). Oppositely, in the absence 
of α-factor pheromone, 40% cells in the unbudding form and 60% cells in the budding indicated that 
mostly cells were in G2 to M phase (Figure 2a). 
The α-factor pheromone effect synchronized cells into one form at G1 phase and arrested of cell cycle 
progression. Morphological observation showed that α-factor pheromone was inducible responses in 
unbudding, especially the shmoo form. Response of MATa yeast cells to the α-factor  pheromone  also 
induce the arrest of cell cycle progression. The pheromone response is a suitable production phase, and 
that it may be useful for informing synthetic biology design [10]. 
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Figure 2. Yeast cells synchronization with α-factor pheromone. Cells treated with α-factor arrested at 
G1 to S transition where those cells were higher at G1/S phase than at G2/M2 phase (Figure a). Cells 
treated with α-factor generated unbudding with shmoo cells form . 

 
����FACS analysis of cells gown in YPDA medium with methanolic extract of noni fruit�
Further experiment to verify whether growth inhibition or sensitive phenotype of yeast cell when grown 
in YPDA containing 1% methanolic extract of noni fruit, we conducted Fluorescence Activated Cell 
Sorting (FACS) analysis. 
Cells synchronized with α factor, then cells were released in YPDA medium with this noni fruit extract. 
FACS analysis data resulted that in the presence of 1% methanolic extract noni fruit, cells were difficulty 
to form budding or enter into G2 to M phases of cell cycle (Figure 3a and Figure 3b). Oppositely, when 
α factor-synchronized cells ware release in YPDA media without noni fruit extract, cells progress to 
form budding or enter into G2 to M phase properly (Figure 3c and Figure 3d). These resulted indicated 
that methanolic extract of noni fruit inhibited G1 to S transition progression. 

Noni ethylacetate extract caused an increase in the proportion of cell in sub G1 phase, which reflects 
the induction of apoptosis [11]. 
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Figure 3. FACS analysis data. The α-factor-treated cells were analysed using FACS, cells after 

synchronization (a) and(c); and synchronized cells were released in YPAD media containing 
methanolic extract (b) compared with without noni extract (d).

 
 
 
����Alteration of some genes involved in cell cycle, CDC28, CLN2, CLN3, WHI5, and SWI6�

 
 

To better understand anti-proliferative activity from noni fruit extract, the cultured cells with lower 
concentration (1% w/v) was then analyzed the expression level of genes cyclin dependent kinase Cdc28 
which is crucial genes for cell cycle progression and related genes cyclins (CLN1, CLN2, CLN3), WHI5 
and SWI6. 
Based upon this RT-PCR data, expression level of CDC28, CLN2, CLN3, and SWI6 increase 2.2, 2.8, 
4.9, and7.2, respectively while expression level of WHI5 was similiar between presence and absence of 
extract methanol of noni fruit (Figure 4). These resuts indicated that genes CDC28, CLN2, CLN3, and 
SWI6 involved in arrested in G1 phase. 
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Figure 4. RT-PCR analysis genes involved in G1 to S transition cell cycle 

 
Cyclin genes play an essential role in cell cycle progression. As described in www.yeastgenome.org 
stated that CDC28 is Cyclin-dependent protein kinase; interacts with regulatory subunit Cyb1; 
determination of cell morphology during the cell cycle; phosphorylated mostly by Swe1 and 
phosphorylation is regulated by Hsl1; 5'-UTR intron; Spider biofilm repressed. CLN2 is G1 cyclin 
involved in regulation of the cell cycle; activates Cdc28p kinase to promote the G1 to S phase transition; 
late G1 specific expression depends on transcription factor complexes, MBF (Swi6p- Mbp1p) and SBF 
(Swi6p-Swi4p). CLN3 is G1 cyclin involved in cell cycle progression. WHI5 is repressor of G1 
transcription that binds to SCB binding factor (SBF) at SCB target promoters in early G1; 
phosphorylation of Whi5p by the CDK, Cln3p/Cdc28p. SWI6 is Transcription cofactor that activates 
transcription by RNA polymerase II during heat stress and during the G1/S mitotic transition; also 
regulates meiotic recombination; component of both the MBF and SBF complexes. Other study using 
human liposarcoma SW872 cells were characterized by strong antiproliferative effect and modulating 
oxidative stress [12]. 

4.�Conclusion 
In this research described that expression some genes changed in the presence of 1% methanolic extract 
of noni fruit. Transcriptional level of gene CDC28 (cyclin dependent  kinase-28), CLN2,  CLN3, dan 
SWI6 changed 2.25, 2.79, 4.87 and 7.21 folds, respectively. This data suggested that over transcription 
of those gene might inhibit cell cycle progression. 
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