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UFP treatment induces mutagenic DNA damage in UC-MSC 

(1) Lipid peroxidation derived-MDA DNA adduct, M1dG 

MDA is a degradation product of lipid peroxidation that can react with DNA to 
form exocyclic adducts such as M1dG. After UFPs treatment (0-0.50 mg/ml), the intensity of 
nuclei staining of M1dG in treated UC-MSCs was increased with increasing concentrations of 
UFPs in a dose dependent manner. When compared to the control, the level of M1dG in UFPs 
treated cells increased at all concentrations of UFPs treatment which was (p<0.05), 1.6-fold 
(p<0.1), 1.77-fold (p<0.25) and 1.75-fold (p<0.5) respectively. 

(2) Oxidative DNA damage measured as 8-OHdG 

        Due to UFP can induce generation of ROS, this study was conducted to determined 
oxidative DNA damage in UC-MSC. It is clearly showed that the UFP treatment (0- 0.5 mg/ml 
for 24) induces 8-OHdG indicated as increased fluorescence intensity staining of 8-OHdG in 
treated UC-MSCs. The level of 8-OHdG in UFP- treated cells increased at all concentrations 
of UFP treatment which was 1.22-fold (p<0.05), 1.25-fold (p<0.1), 2-fold (p<0.25) and 2.6-
fold (p<0.5) respectively. 

(3) Nitrative DNA damage, 8-nitroguanine 

 To determine whether the UFP can induce nitrative stress mediated to DNA damage, 
UC-MSCs were treated with UFP (0- 0.5 mg/ml) for 24 h. The results showed that the level of 
immunofluorescence intensity staining of 8-nitroguanine in UC-MSC was increased with 
increasing concentration. The level of 8-nitroguanine in UFPs treated cells increased at all 
concentrations of UFP treatment which was 1.3-fold (p<0.05), 1.71-fold (p<0.1), 2.1-fold 
(p<0.25) and 2-fold (p<0.5) respectively.  

Effect of UFPs treatment on mRNA expression of OGG1, PARP-1 and Nrf-2, 

In order to investigate whether UFP-induced DNA damage in UC-MSCs can be 
affected by the expression of genes related to DNA damage, the mRNA expression of DNA 
repair gene (OGG1 and PARP1) and anti-oxidative response gene (Nrf2) were determined.  
The results showed that the transcript expressions of OGG1 and Nrf2 were significantly 
decreased, while the expression of PARP-1 was significantly increased in UC-MSCs treated 
with UFPs. 
 
Conclusion: 

This in vitro study clearly demonstrated that UFPs treatment increases lipid 
peroxidation and mutagenic DNA damage including MDA-DNA adducts, 8-OHdG and  
8-nitroguanine in UC-MSCs. The obtained results suggested that exposure to UFPs could have 
detrimental health impacts to MSC, particularly at prenatal exposure.  
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Evaluation of the result from Prophet Forecasting Model 

Evaluation was done after receiving all the results and then will be inputted into  
R program. The focus is searching for a consecutive period that is over multiple standards. 
Results showed in figure 1: 
 

 

Figure 1 Graph shows all forecasting data and observe data compared between all standards. 

  
 The result showed that there are the period over the standard 25 shown in 

table1. 
 

Table1 The consecutive period of six stations compared with all standards. 
 

MODEL Obs 
STATION TH 

50 
WHO  

25 
WHO 

15 
W25/
TH 

w15/ 
TH 

STATIO
N 

TH 
50 

WHO 
25 

WHO 
15 

W25/ 
TH 

W15/ 
TH 

05t 0 1680 1680 0 0 05t 23 810 1680 35.2 73 
11t 0 1680 1680 0 0 11t 23 810 1680 35.2 73 
50t 0 1680 1680 0 0 50t 31 161 1680 5.1 54.2 
52t 0 1680 1680 0 0 52t 32 150 1415 4.6 44.2 
53t 0 1680 1680 0 0 53t 31 161 1680 5.03 54.1 
54t 0 38 1680 0 0 54t 32 161 1680 5.03 52.5 

 
Summary of research results:  

  All these results from Figure 1 and Table from The Prophet Forecasting Model showed 
that the model has a good performance to predict . This model did not use meteorology 
data but it required in order to created that can accurately predict pollution based on time. (2) 
The lack of meteorological data affects why the model may not predict events that might 
happen at unexpected times. 
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Discussion: 

In this study, it was shown that PrtN positively regulates the expression of pyosin S4 
gene under H2O2 exposure in the similar pathway that had been reported. In addition,  
the expression of pyocins is also controlled by two additional transcription regulators, RecA 
and PrtR in P. aeruginosa (5). RecA is activated upon exposure to the DNA damaging agent 
such as ciprofloxacin, UV or mitomycin C (5, 9). The activated RecA induces  
the autoproteolytic activity of PrtR that represses the expression of PrtN (10, 11). PrtN binds 
the conserved promoter sequence of pyocin genes called P-box to increase the expression of 
pyocin genes (5). After bacteria exposed to the H2O2, RecA is activated and induces  
the autoproteolytic activity of PrtR. The degradation of PrtR allows the transcription and 
translation of PrtN that is the transcriptional activator of pyocin S4. 
Conclusion: 

This study strongly suggests that PrtN is a transcriptional activator of pyocin S4 gene 
as the presence of PrtN is necessary for the expression of pyocin S4 during hydrogen peroxide 
induction. 
 
References:  
1. Antibiotic resistance threats in the United States, 2019. 2019. 

2. Tacconelli E, Carrara E, Savoldi A, Harbarth S, Mendelson M, Monnet DL, et al. 
Discovery, research, and development of new antibiotics: the WHO priority list of 
antibiotic-resistant bacteria and tuberculosis. The Lancet Infectious Diseases. 
2018;18(3):318-27. 

3. Zhang J, Li S, Wang W, Pei J, Zhang J, Yue T, et al. Bacteriocin assisted food functional 
membrane for simultaneous exclusion and inactivation of Alicyclobacillus acidoterrestris 
in apple juice. Journal of Membrane Science. 2021;618:118741. 

4. Michel-Briand Y, Baysse C. The pyocins of Pseudomonas aeruginosa. Biochimie. 
2002;84(5-6):499-510. 

5. Matsui H, Sano Y, Ishihara H, Shinomiya T. Regulation of pyocin genes in Pseudomonas 
aeruginosa by positive (prtN) and negative (prtR) regulatory genes. Journal of 
Bacteriology. 1993;175(5):1257-63. 

6. Parret A, De Mot R. Novel bacteriocins with predicted tRNase and pore-forming activities 
in Pseudomonas aeruginosa PAO1. Molecular Microbiology. 2000;35(2):472-3. 

7. Chang W, Small DA, Toghrol F, Bentley WE. Microarray analysis of Pseudomonas 
aeruginosa reveals induction of pyocin genes in response to hydrogen peroxide. BMC 
Genomics. 2005;6:115. 

8. Chomczynski P, Sacchi N. Single-step method of RNA isolation by acid guanidinium 
thiocyanate-phenol-chloroform extraction. Analytical Biochemistry. 1987;162(1):156-9. 

9. Brazas MD, Hancock RE. Ciprofloxacin induction of a susceptibility determinant in 
Pseudomonas aeruginosa. Antimicrobial Agents and Chemotherapy. 2005;49(8):3222-7. 

10. Penterman J, Singh PK, Walker GC. Biological cost of pyocin production during the SOS 
response in Pseudomonas aeruginosa. Journal of Bacteriology. 2014;196(18):3351-9. 

11. Sun Z, Shi J, Liu C, Jin Y, Li K, Chen R, et al. PrtR homeostasis contributes to 
Pseudomonas aeruginosa pathogenesis and resistance against ciprofloxacin. Infection and 
Immunity. 2014;82(4):1638-47. 





















65 
 
 

32,000 golf courses around the world including Thailand. Golf course is one type of green 
space which can generate recreational, functional, and aesthetic benefits [3]. The increasing of 
golf course has been changing of land use and land development, most of them located in  
the fringe of urban area. Since the golf course business is a very popular tourism sector today. 
As a result, the number of golf courses increased as it grew in line with its popularity causing 
the demand for water usage in golf courses to increase as well. The water consumption rate of 
a golf course is usually 3,500 m3 / rai / year and the water reserves required for golf courses 
each year are approximately 800,000 - 1,200,000 m3 [4]. When comparing the proportion of 
water use in golf courses, it was found that one golf course has the same proportion of water 
use as the water used in one district for maintenance about grass and all other field-related 
activities [5]. For some type of a recreation area the water footprint is not widely in case study 
such as semi-public area and private area like golf course. The important of water footprint 
assessment is to know the amount of water consumed to produce goods and operate  
the services, also measure the human appropriation of global water resources which measured 
by volume of water consumption and pollution [6]. 

To address the problems mentioned above, aim of this study is to determine the water 
footprint in golf course to establish the alternative sustainable management practices. This will 
help the golf course manager and owner to save cost of water and achieve the SDGs goals in 
sustainable cities and communities. 
 
Materials and Methods: 

Sample size determination 

In field survey and data collection will be conducted to gather the information about  
the golf course profile and water footprint. The sample size was computed following non-
probability sampling from accessible population which convenient or volunteer to provide the 
information of golf course business in Nakhon Ratchasima. From the non-probability sampling 
technique found that there was only three from golf course business capable of providing 
information for this research. 

Field survey and data collection 

The data collection of water usage in water management practices are 1) Direct water 
footprint, and 2) Indirect water footprint. The selected golf course in Nakhon Ratchasima  
will be visited to gather the relevant information. The information will be gathered from  
face-to-face interviewing with golf course managers and/or owners. The details of water 
consumption were collected using an in-depth interviewing. 

Water footprint model 

The data of water consumption will be interpreted in terms of water footprint.  
Using an approach of water footprint [6] based on water management practice in playing areas,  
the association of water footprint can be classified into two differences types which are blue 
water footprint, and green water footprint. The concept of water footprint is the indicator of 
using fresh water which is directly used by a person in the whole volume of the supply chain 
of products. Hence, water footprint refers to the consumption of water of freshwater both from 
direct and indirect water consumption. The calculation method of water footprint of single step 
is the sum of the direct and indirect water footprints. 

Regarding of the mentioned total water footprints including blue, green, and grey water 
footprints (WF). In terms of blue WF comes from the natural resources in the golf course  
such as lake and pond inside the area. It is calculated using equation (1). Green WF indicates 
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Water footprint 

The water footprint assessment in each of the three golf courses was calculated by 
adding the blue and green water footprints. Table 2 shows the presence of water consumption 
on three different golf courses. The indirect water footprint considered the amount of power 
and gasoline utilized on each golf course. The indirect water footprint was computed by 
multiplying the amount of energy and fuel used by the water consumption. Blue WF is 
determined from the storage of water basins in each golf course which are 40,000 m3, 78,400 m3, and 
167,357 m3 in order of each golf course following table 1. Green WF is determined by the 
amount of stormwater that the operator in each golf course captured from the rain gauge per 
day, which is shown in figure 1. Regarding figure 1, the year 2017 has  
the highest average annual rainfall of the others which is 3.24 mm./year. Grey WF is  
the description of water management practice after the maintenance of turf in playing areas, 
the water run to the basin 15% which mean the total of water usage for maintenance in the golf 
course is 85% of all. 

Due to some data being strictly confidential, the results were shown in table 3.  
This result missed the result of the fuel consumed from the golf course I. The whole operation 
of water footprint in three different golf courses was 5,427,975.02 m3/year by the results of 
direct water footprint in 2,583,909.11 m3/year which computed from blue water footprint 
2,583,799.15 m3/year (99.99%), and green water footprint 1.109 L/y (0.001%).  
While the amount of indirect water footprint was 260,156.79 m3/year which computed from 
electricity consumption 38,187.92 m3/year or 11.02 m3/cap-y and from fuel consumption 
equals 1,968.87 m3/year or 0.32 m3/cap-y. 
 
Table 2 Water consumption in three different golf courses 

Site Playing area (m2) Water consumption 

(m3/year) (Million m3/m2-year) 

Golf course I 430,515 600,000 0.72 

Golf course II 880,000 1,687,687.15 0.52 

Golf course III 393,765 305,112 1.29 

Average ± SD.    0.84 ± 0.40 

 

Table 3 Average annual resource usage of three selected golf course 

Site Water Footprint Resource Unit Annual Consumption 
Golf course I Direct Surface water m3 821,250 
  Wastewater m3 123,187.50 
 Indirect Electricity kwh 432,080 
  Fuel Lire - 
Golf course II Direct Surface water m3 1,678,687.15 
  Wastewater m3 251,803.07 
 Indirect Electricity kwh 1,296,235 
  Fuel L 16,363.64 
Golf course III Direct Surface water m3 305,112 
  Wastewater m3 45,766.80 
 Indirect Electricity kwh 347,115 
  Fuel L 36,000 
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Discussion: 

S. plana extracts have been known to exhibit promising anti-cancer and  
anti-inflammatory activities (2, 8, 9). This work showed that the methanol extract of S. plana 
exerted selective anticancer activity to A549 cells over HepG2 and L929 cells. Its hexane, 
dichloromethane and ethyl acetate partitions showed higher cytotoxicity to all tested cell lines, 
as compared to the crude extract and the butanol and water partitions. The results from scratch 
assay suggested that the active fractions exhibited antiproliferative effects with no significant 
inhibitory activity of the cancer cell migration. In addition, the hexane and dichloromethane 
subfractions showed significant anti-inflammatory activity. Our 1H NMR study revealed the 
presence of various fatty acids in the hexane and DCM fractions and biflavonoids in the ethyl 
acetate fraction. These compounds are known as bioactive compounds and possibly attributed 
to the observed anti-cancer and anti-inflammatory activities. 
 
Conclusion: 

The methanol extract of S. plana and its hexane, dichloromethane and ethyl acetate 
subfractions possessed promising anti-cancer and anti-inflammatory activities. Phytochemical 
study and the chemical components responsible for the bioactivities are under investigation in 
our laboratory. 
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The effecting of composting time 

       EC - During the composting process EC of each treatment was a similar trend, slightly 
decreased.  EC of T0 was the highest and T4 was the lowest. The final value of all treatments 
was lower than the initial except T0 was slightly increased from the initial. The final EC of T0, 
T1, T2, T3 and T4 were 0.22, 0.14, 0.15, 0.17, 0.13 decisiemens/m, respectively, as shown in 
Figure 2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 EC during the composting process in five treatments. 
 
 

N, P, K - The results showed that the composting time affected to increasing 
macronutrients (N, P, K) as shown in Figure 3. The comparison between composting time 
showed that all macronutrients were the highest in T4. The final concentration of nitrogen at 
T0, T1, T2, T3 and T4 were 0.32%, 1.83% 1.62%, 0.89% and 1.67%, respectively.  
The concentration of phosphorus (P) was increased from the initial. The final value of all 
treatments was higher than the initial except T1. The concentration of phosphorus at T0, T1, 
T2, T3 and T4 were 0.04%, 0.10%, 0.15%, 0.09%, 0.17%, respectively. While the trends of 
potassium (K) were similar, there was fluctuating value and increased from the initial.  
The final potassium percentage of all treatments was in the range of 0.23-0.26%. 
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   Figure 3 Concentration of Nitrogen (a), Phosphorus (b), Potassium  
                         (c) during the composting process in five treatments. 
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OM - The trend of organic matter (OM) of all treatments was similar, until the end of  
the composting process. When considered, T0 conditions were the highest percentage, while 
T4 was the lowest. The final OM percentage had both increased in T0, T2, and T3 (81.25%, 
55.80%, 70.64%) and decreased in T1 and T4 (47.89%, 31.56%) from the initial as shown in 
Figure 4. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The effecting of SMS: WAS ratio 

EC - The results revealed that a high SMS ratio effect to high EC value which means 
T0 had the highest EC value followed by T3, T2, T1, and T4 respectively.  

N, P, K - The results presented a high SMS ratio effecting the lower macronutrient 
percentage which means T4 had the highest followed by T1, T2, T3, and T0 respectively. 

OM - The results revealed that a high SMS ratio effect to high EC value which means 
T0 had the highest EC value followed by T3, T2, T1, and T4 respectively. 
 
Conclusion: 

The experimental results of this study showed that the composting time affects  
the decline of EC and OM values. On the contrary, it was found that the plant nutrients had N, 
P, and K values increased from the initial. In addition, the effecting of SMS:WAS revealed that 
a high SMS ratio effecting to high EC value and OM percentage. On the other hand, a high 
SMS ratio effect the lower macronutrients percentage 

When considering the standard of organic fertilizer in Thailand B.E. 2548 all treatments 
of EC, OM and N in T1, T2, T4 were optimal for plants and comply with the standard whereas 
P and K were below standard. 

To conclude, in this experment the SMS: WAS at 40 : 60 ratios is the optimum ratio for 
use as compost or soil amendment in plants. In addition, it is recommended that adding 
phosphorus and potassium in appropriate proportions is essential for plant growth. 

 
 
 

Figure 4 OM during the composting process in five treatments. 
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Effect of SRT on nutrient release efficiency using ASD process 

      The experimental results under different SRT conditions are shown in Figure 2.  
It showed that a MLSS and MLVSS concentration was decreased as well as the amount of TS 
and VS in the system when increasing of SRT, indicating that the breakdown of sludge solids 
increased. Due to the anaerobic bacteria had enough time to degrade in the digestion,  
this resulted in better hydrolytic degradation [21-23].  

  Moreover, the characteristics of the sludge and supernatant before and after the ASD 
process are shown in Table 1. It found that the increasing of SRT had the following affects; (1) 
decrease in SS and VSS concentrations, and (2) decrease in both organic matter and nutrient 
concentrations in the effluent at the end of ASD process. These results demonstrated that  
a higher SRT was very effective for sludge stabilization than a shorten SRT. Hence, the increasing of SRT 
in ASD process led a reduction in the volume of solids requiring disposal. However, increasing 
of SRT in ASD process caused a reduction in the releasing of nutrients from the waste sludges. 
This because the metabolic activity of bacteria decreased while the rate of decay improved with 
increasing of SRT [22], [24]. 

  In accordance with the statistical results, it was found that the organic matter and 
nutrient concentration in the final effluent of the treatment process at SRT 10 d was 
significantly higher than that of SRT 20 and 30 d. Therefore, the optimal operating conditions 
for WAS treatment using ASD process in this study were obtained at SRT 10 d, with the average release 
efficiencies of nitrogen and phosphorus were 43.77% and 37.66%, respectively. 
 
Table 1 Characteristics of the sludge and supernatant before and after the ASD process 

Parameter Unit Non-digested 
sludge 

Digested sludge 
10 SRT 20 SRT 30 SRT 

Supernatant: 
SS mg/L 146.74 ± 39.2 232.15 ± 75.7 210.76 ± 66.7 153.00 ± 84.1 

VSS mg/L 132.08 ± 31.0 171.67 ± 40.5 140.00 ± 37.8 85.63 ± 49.2 
VFA mg/L 37.81 ± 23.9 36.11 ± 9.86 31.14 ± 8.18 28.19 ± 11.1 
COD mg/L 253.01 ± 66.8 249.23 ± 72.9 161.15 ± 29.5 124.62 ± 34.4 
TKN mg/L 52.79 ± 16.7 93.87 ± 25.2 73.55 ± 28.9 63.10 ± 32.0 

NH3-N mg/L 40.42 ± 16.8 79.61 ± 24.4 64.63 ± 28.3 57.24 ± 28.8 
TP mg/L 33.63 ± 6.57 53.95 ± 8.47 43.00 ± 12.2 34.64 ± 5.31 

Waste sludge: 
N content mg/g 95.40 ± 14.8 93.64 ± 9.72 81.00 ± 13.9 77.14 ± 18.1 
P content mg/g 35.22 ± 4.19 33.03 ± 4.62 33.10 ± 3.31 34.04 ± 3.53 

 

Conclusion: 

The experimental results of this study confirmed that the disintegration of activated 
sludge occurred greatly during the anaerobic condition of the digestion process. 
Simultaneously, a large amount of nutrients (nitrogen and phosphorus) was released from  
the waste sludge into the liquid fraction of the digestates, which could be used for recovering 
nutrients. By the result of different SRT on the nutrient release efficiency indicated that the 
increasing of SRT in ASD process led to a reduction in the release of nutrients from the waste 
sludges while it enhanced the effective for sludge stabilization. Therefore, the optimal conditions for 
releasing nutrients in the ASD process were obtained at SRT 10 d, with average release 
efficiencies of nitrogen and phosphorus were 43.77% and 37.66%, respectively. 
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Abstract: 

The circadian clock controls many rhythmic homeostasis processes of the body  
that are controlled by the expression of core clock genes such as PER2 and BMAL1. 
Chronotherapy is the concept of optimizing the timing of chemotherapeutic drug treatments 
based on the expression of the target gene to maximize drug efficacy. Cholangiocarcinoma is 
a bile duct cancer that has been reported to have a very high number of new cases in Thailand, 
Lao, China, and South Korea. Therefore, we are interested in investigating the expression of 
circadian genes in cholangiocarcinoma cell line: KKU-M213, and to test the gemcitabine,  
a chemotherapeutic drug, at different times based on PER2 expression. We found that KKU-
M213 lacks a functional circadian clock because PER2 have a period of expression at 32.5 
hours, outside the range of the normal circadian period. Secondly, PER2 and BMAL1 do not 
exhibit the antiphase relationship. Then, we measured the IC50 of gemcitabine on 
unsynchronized KKU-M213 and found that it is 22.61±3.17 nM. We found that PER2 
expression varies at 16, 28, and 40 hours post synchronization and shows different responses 
when treated with chemotherapy drug gemcitabine. Our results demonstrated that time-
dependent treatment or chronotherapy can improve drug efficacies and emphasized the need to 
consider the 24-hr circadian time on human health and treatment.      
 
Keywords: Circadian clock, cholangiocarcinoma, KKU-M213, PER2 gene, chronotherapy  
 
Introduction: 
 The circadian clock coordinates multiple physiological processes in the body such as 
cell cycle, DNA repairing, apoptosis, and regulation of metabolism that are controlled by  
the master pacemaker suprachiasmatic nucleus (SCN) in the hypothalamus that signals neural 
and humoral factors such as glucocorticoids and melatonin to the rest of the body (1). 
Mechanisms of the circadian clock are based on transcription/translation feedback loops (2). 
CLOCK and BMAL1 are transcriptional activators that regulate the expression of other core clock 
genes such as CRY and PER genes and many clock-controlled genes (CCGs). With time-delayed 
mechanisms, CRY and PER proteins inhibit the CLOCK/BMAL1 activity creating rhythmic 
expression of thousand of CRY, PER, and CCGs within any tissues (3).  

The International Agency for Research on Cancer has reported that circadian clock 
disruption or night shift schedule may increase risks of many types of cancer. In addition, many 
cancer cells also contain functional circadian clocks. Currently, scientists are increasingly 
interested in the circadian rhythms in cancer cells for medical benefits, and time-dependent 
treatment or chronotherapy is being increasingly investigated (4). Cholangiocarcinoma is a bile 
duct cancer that has been reported to have a very high number of new cases in Thailand, Lao, 
China, and South Korea, and patients with this disease have a high rate of mortality and 
resistance to treatment. There are many causes of cholangiocarcinoma. Thailand, in particular, 
the parasitic worm infection caused by Opisthorchis viverrini can induce cholangiocarcinoma (5).  
In this study, we seek to investigate the time-dependent treatment of cholangiocarcinoma with 
chemotherapy drug using KKU- M213 cell line as an in vitro model.  
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Therefore, the expression of PER2 and BMAL1 were not in the circadian range and  
did not show an anti-phasic relationship. From these results, we concluded that KKU-M213 
has no functional circadian clock expression but PER2 is responsive to dexamethasone in  
a dosage- and time-dependent manner.  

Effectiveness of gemcitabine on unsynchronized KKU-M213 cells  

The effectiveness of different concentrations of gemcitabine on unsynchronized 
cholangiocarcinoma cells was observed using cell survival of unsynchronized KKU-M213 
cells after gemcitabine treatment for 72 hours by MTT assay. The result showed that the IC50 
value of gemcitabine on unsynchronized KKU-M213 is 22.61±3.17 nM as shown in Figure 2. 
The absorbance data from the MTT assay was calculated the percentage of cell viability and 
fitted to a nonlinear regression curve using the GraphPad Prism 9 program.  

 

 
Figure 2 IC50 of gemcitabine treatment on unsynchronized KKU-M213 cholangiocarcinoma  
 

The influence of different PER2 expression on effectiveness of the gemcitabine treatment  

In a previous study, KYSE-410 cells, esophageal squamous cell carcinoma, were 
treated with cisplatin at 24 and 36 hours and showed different responses according to PER2 
gene expression (7). In our study, PER2 expression of KKU-M213 was measured at 16, 28, 
and 40 after synchronization, and the results showed that KKU-M213 had a significantly 
increased the expression of the PER2 gene.  

 

 

Figure 3 The expression of PER2 in KKU-M213 cholangiocarcinoma cells 16, 28, and 40 hours after 
synchronization by dexamethasone 
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Figure 2 Volcano plot protein expression in spheroid culture compare to monolayer culture. 
Light blue dot is a selected protein that was chosen for confirmation 
 
 
3. Confirmation of candidate protein that significantly upregulated in anoikis induced 

breast cancer cells. 
Protein X was chosen for further confirmation using western blot analysis. The result 

from western blot confirmed that protein X is significantly upregulated in anoikis induced 
condition (Figure 3). We also included the samples from both culture conditions at 48 and 72 
hours and the results were confirmed that protein X is upregulated in anoikis induced condition 
in all selected time points.  

 

 
Figure 3 Western blot analysis using monoclonal antibody to protein X, GAPDH was used as 
a loading control. SP: Spheroid culture, MN: Monolayer culture 
 

Protein X had been reported to be associated with breast cancer metastasis. However, 
some also reported that it acts as a tumor suppressor gene. We aim to knock-down this protein 
and observe the function of protein X in BT-474 cells. In conclusion this study demonstrated 
that multiplexed proteomics using TMT labeling could provide the list of differential protein 
expressions between two culture conditions with the results that could confirmed by western 
blot analysis. This powerful method enables complex proteomic analysis and could apply to 
several approaches for cancer biology study in the future. 
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Abstract: 

Consumption of food contaminated with pathogenic bacteria is a major factor causing 
high prevalence of gastrointestinal disease in Thailand. This study aims to assess the risk of 
illness attributed to a consumption of the Steamed Chicken with Rice (SCR), the popular food 
menu in Thailand, contaminated with Escherichia coli (E. coli) in Bangkok metropolitan area 
using the quantitative microbial risk assessment (QMRA) approach. The analysis was divided 
into three parts, including (1) exposure assessment, in which the quantity of E. coli 
contaminated in SCR from many restaurants throughout Bangkok between January and August 
in 2020 and 2021 was obtained from the Food Sanitation Division, Department of Health under 
Bangkok Metropolitan Administration. The data were then multiplied by the consumption rate 
obtained from a survey of 544 people who live in Bangkok to incur exposure dose,  
(2) dose-response assessment with the Beta-Poisson model was applied to predict the probability of 
illnesses of E. coli contaminated in the SCR, and (3) the daily and annual probability of illness 
was then calculated by incorporating exposure dose, consumption frequency, and Beta-Poisson 
model as a selected dose-response model using the Monte Carlo simulation with 10,000 
iterations. The results indicated that the average risk of illness due to E. coli infection was 
96.5% (95% CI: 40.3, 100.0), 89.4% (95% CI: 8.5, 100), 76.0% (95% CI: 1.9, 100.0) with very 
frequently (daily), frequently (weekly), and occasionally (monthly) consuming, respectively. 
Findings of this study implies that consumption of SCR contaminated with E. coli had high 
risk of E. coli related illness, where the specific control measures need to be implemented 
especially at the restaurants in Bangkok to alleviate the progression of foodborne disease 
related to E. coli. 
 
Keywords:  QMRA, Escherichia coli, steamed chicken with rice, food consumption 
 
Introduction: 

According to annual report of the Food Sanitation Division, Department of Health 
Bangkok Metropolitan Administration (BMA), the problem upon food safety situation during 
2015 to 2018 in Bangkok had remained with a contamination of pathogenic microorganisms, 
especially Escherichia coli (E. coli) [1], in which E. coli is commonly found in the gut of human 
beings and warm-blooded animals. Most strains of E. coli are harmless, but certain strains are 
able to cause severe foodborne disease such as Shiga toxin-producing E. coli (STEC). This strain 
of E. coli is usually transmitted to human primarily through consumption of contaminated foods 
[2]. In 2020, the proportion of positive contamination of pathogenic microorganisms in many 
types of ready-to-eat-food in Bangkok was 22.57%, where the Steamed Chicken with Rice (SCR) 
was the most contaminated menu accounted for 67.65% [1]. 
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