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SUMMARY
(F220E)

The trial was carried out in Dongguk University Hospital, Ilsan. Kimchi was provided from Hansung Kimchi
factory (Gyeonggi-do, Korea) which produces Kimchi with standardized recipe and ingredients. Freshly-maid
fresh and fermented Kimchi were provided every week and stored in -1°C until subjects visited our hospital
to get Kimchi every week.

Twenty-three subjects completed the 8 weeks study without any adverse effects.

After 8 weeks study, waist circumference, body fat percentage, cholesterol, HDL-cholesterol, blood pressure of
23 subjects were statistically significant decreased, compared to before study. In fresh Kimchi group, the
difference(initial-final) of waist circumstances, body fat percentage and systolic blood pressure were statistically
significant decreased, compared to fermented Kimch igroup.

Gene expression changes after Kimchi intake : There were 31 significant probes in fermented Kimchi groups
compared to fresh Kimchi group with two probes greater than 2 fold changes. Each group respectively had 31
significant probes in fermented Kimchi group and 18 significant probes in fresh Kimchi group. With these
significant probes, we performed DAVID functional annotation clustering to find cognate functions. Significant
probes from fermented kimchi group compared to fresh kimchi group were clustered into seven functionally
related categories — six clusters within up-regulated genes and one cluster within down-regualted genes. The
most notable genes from the fermented kimchi group were CDC42 and CXCRI1 which are related to
non-alcoholic fatty liver disease, epithelial cell signaling in Helicobacter pylori infection, pathogenic
Escherichia coli infection and other bacterial invasion of epithelial cells. These genes are also related to focal
adhesion and tight junction of the cells which can be inferred that gene expression of human can affect
intestinal microbiota.

Changes of gut microbiota after Kimchi ingestion : The mean proportion of Firmicutes decreased by 10.9% (p
value=0.308) in the Fresh group and decreased by 14.23% (p value=0.259) in the Fermented group after 8
weeks of study. On the other hand, Bacteroidetes increased by 3.81% (p value=0.729) and 12.93% (p
value=0.330) in the Fresh and Fermented groups, respectively. Other phylums such as Actinobacteria,
Tenericutes and Proteobacteria increased after the 2 week of Kimchi wash-out period and then leveled off in
both groups. Among these, Actinobactria showed a significant increase after one week of fresh Kimchi
consumption (p value=0.022). The most remarkable change after the kimchi consumptions was the proportion
of Bifidobacterium. The mean ratio of Bifidobacterium to Firmincutes was 0.23 in the Fresh group and 0.27
in the Fermented group after the wash-out period, but changed to 0.21 (p value=0.096) and 1.20 (p
value=0.035) in the Fresh and Fermented groups, respectively, after the Kimchi consumption.

Correlation analysis : Correlations between human blood gene expression and gut microbiota were not
significant, but gene expressions after fermented Kimchi intake was relevant to CRP, insulin and body fat

percentage, which are the major indicators of metabolic diseases.
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O =l HA A1E 2
Table 1. Korea Kimchi market report by the Ministry of Agriculture, Food and Rural Affairs.

T A%

(chel @ odel ME)
2010
I B 2005 2006 2007 2008 2009
(ol4h)
RA ARAHAY) 21,059 20,877 21,002 22,806 22,681 23,321
- AFE 71X A|AH 8,300 8,608 9,560 10,741 10,767 11,239
1R 8 2,101 2,018 2,179 2,253 2.194 2,495
AL 8 6,199 6,590 7,381 8,488 8,573 8,745
- ZHR(A| =)A| A 12,759 12,270 11,442 12,065 11,914 12,082
RA AR F =) 1,374 1,277 1,265 1,315 1,276 1,238
- AFEIR]A] 392 401 447 483 487 487
1R 8 48 45 48 48 47 50
Ar8 344 356 399 435 440 437
- 7S (R R )A17 981 876 817 832 489 750
ArZSE 717 " S 29% 31% 35% 37% 38% 39%
<Zt= o BEGA, A EFAE 2010, 11€935>
Table 2. The current report of Korea's Kimchi export market size estimation.
(FY : AE, AEY)
. 2004 2005 2006 2007 2008 2009
R e e =¥ |29 |22 |2 | 2¥ (I | 2L |29 |2 | 2o
86,42 62,63 66,12 75,05 77,67
A= 324 [96,911 |29.7 22.8 23.5 23.5 24.4
8 7 0 2 2
o= |05 |1,196 05 |121,3 |05 |1,801 |06 |[2375 [0.6 |2061 |0.7 |2,269
ot | 0.4 | 968 0.7 | 1470 |07 |1625 |08 [1,872 [0.8 |1,962 |09 1,951
53 (0.3 |665 0.3 | 798 0.3 | 779 0.4 |1,162 | 0.4 |[1,305 |0.4 |1,380
718t | 1.2 | 2,986 0.8 |3,055 | 1.3 |3,486 | 1.2 [3,780 | 1.6 |4,915 |2.1 |6,164
. 92,96 70,32 75,30 85,29 89,43
&H 34.8 | 102,726 | 32.0 A 25.6 . 26.5 ; 26.9 ; 28.5 5
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Table 3. The research proposal submitted to the IRB of Dongkuk University Medical Center and
notification of review approval

w5 AR BAF vlo|aRoldol S £ EAAS e T3} 7
ATAE E Mechanistic = study of anti-obesity effect of fermented Kimchi using

o gut microbiota analysis and microarray

O 9% 09827 09889 0a1549% 0 42497
2% O #8A4 O 24 8 4497 O #adr

O 4ez O 9509 0 n% B ASAE] da 497)
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Table 4. The progress chart for clinical trial with Kimchi administration to obesity patients.
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Assessed for eligibility

|

Randomized (n=24)

|

|

Allocated to Fresh Kimchi (n=12)

v

Allocated to Fermented Kimchi (n=12)

Discontinued intervention (n=0)

Discontinued intervention
(Due to personal reason) (n=1)

Analyzed (n=12)

Analyzed (n=11)

Fig 11. The Flow chart of clinical trial with kimchi administration
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At 2% FBASFY (plate count technique)S ©] &3k 24kt (Lactobacillus
sp.,Leuconostoc sp.)8 & =A% = A8 1 mLE €I STHFE A=
101~1087kA1 8lMst & gH 1 mLAS HEH3 Lactobacillus sp. A€ Hjx|<}
Y &33F & petri dishel ¥#E TE](BD Difco,
Maryland, USA) Lactobacillus sp.= 30TCe|A 397t Leuconostoc sp.= 20TolA 5
Azt Zz skl colonyd MFE Sk th(Lab  house, Seoul, Korea).
Lactobacillus sp. A® H]A|:= Pediococcus® A& As7] flste] 2abd Eeldd 2
2olx= MRS agar ¥R acetic acid®} sodium acetateE A 7}3+ modified LBS agar
medium (m-LBS medium)< AH3I92™  Leuconostoc sp. HIX= phenylethyl

alcohol sucrose agar medium (PES medium)E& AF&3t.

Leuconostoc sp. A8 Hjx|o] Y1

A2 Al Az 2 AT Uye 153

AANAEE AX Az ALA2A 2 HACCP 35S ©e a4 E(A7|=, =)o A
2% F AAA e TR AUE @A AT

AR Are BF ZAo R Agedn Az @AY E Table 49 Yehd vhel 23

A Aol AlFE A= Az A 7|3l AX AFzle] F4 RUHY S HAAstdon @
'R 71¥E pH 4.620.1, 2= 0.5+0.1% =2 325t

AR Ame BHRE 9 H# 7|7 mE AX e F4 WstE o Sah] et AA WA
oF At Wme] B %21 -1T 9 4TCoA 77 AX <] A=, pH, T2t Wls
AN E A7, HEAXNE BY 250 ©E Axe} pHIF @ 7|7te] AHsieete AA Ws)
A kot AR E 4ToA BAS B9 4U0] A3 FRE pHe F4% 747t YEly:
o AR v R AR Y] AF 4TelA Bo 490] A ANFFEH FTFE0] AA=
Ao Yehte. F2NFSE AQA 2a43] 25 A% F 3Y97A & Wdlgo] gutsigl o
U 4UAFE F7HEe] AEshde

-1Co Bogd A$ AAx HEAX BT Ax T 109 Astdx pHS Atwe] Wiy}
nu)stgon 53] 4972 = TEe] Ado] 7ted AR AREHAI| A B AGA AN =
AA AEehe EACRZ sl AR WHDE HAgstn e Al & Jd3AE 28
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Table 4. Ingredients of Kimchi

Ingredients of kimchi

(2)

67.2

Salted cabbage

Red pepper powder
Red pepper

0.1

144

Shredded radish
Garlic

29

1.1

0.1
03
0.3

Ginger

1.6
1.1

09
23

Extract of sea tangle
Pickled shrimp

Pickled anchovy sanse

1.4

Glutinous rice pormidege

1.4
0.7
0.1

Leaf mustand

Starch syrup

0.1

Sun dried salt
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Acidity (%)
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Fig 10. Kimchi quality control
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ZIW(SAS/STAT, SAS Institute, Cary, NC, USA)
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Table 6. Comparison of energy and macro nutrient intake between fresh and fermented Kimchi groups

. Total Fresh Kimchi Fermented Kimchi
Variables (n=23) (n=12) (n=11) P valuel)

Energy 1958.90 + 628.90 1883.14 + 735.41 2041.56 + 510.68 0.2609
Carbohydrates 282.52 + 92.29 260.25 + 115.77 306.81 + 52.43 0.0185
Fiber 27.70 £ 13.44 25.20 £ 12.55 3043 + 14.44 0.6492
Protein 82.72 + 32.20 81.37 + 32.13 84.19 + 33.78 0.8661
Lipid 59.33 + 23.35 59.37 + 23.88 59.29 + 23.93 0.9879
SFA 9.58 + 4.69 7.86 £ 2.27 1145 £ 5.94 0.0039
MUFA 12.21 + 5.40 10.57 + 3.21 14.00 + 6.79 0.0212
PUFA 9.32 + 4.78 8.55 + 3.64 10.16 + 5.85 0.1352
n-6 PUFA 8.22 £ 4.45 7.64 £ 3.27 8.86 = 5.56 0.0963
n-3 PUFA 1.09 + 0.61 1.06 £ 0.54 1.13 £ 0.71 0.36.5
TFA 29.86 + 14.30 26.99 + 8.72 32.98 + 18.59 0.0199
Cholesterol 396.77 + 160.06 374.52 + 137.16 421.05 + 185.54 0.3359
Water 985.14 + 296.30 979.71 + 291.24 991.06 + 315.86 0.7898
1) Independent t-test was performed.

Table 7. Comparison of vitamins intake between fresh and fermented Kimchi groups

. Total Fresh Kimchi Fermented Kimchi
Variables (n=23) (n=12) (n=11) P valuel)

Vitamin A 162.14 + 109.96 133.12 + 68.12 193.81 + 139.23 0.0273
Vitamin D 3.16 £ 1.34 2.83 £ 1.13 3.52 + 1.51 0.3627
Vitamin E 19.57 £ 9.50 19.12 + 8.86 20.05 £ 10.57 0.5692
Vitamin K 289.58 + 160.69 258.36 + 93.15 323.63 + 211.70 0.0121
Vitamin C 144.52 + 51.60 139.02 + 46.49 150.52 + 58.36 0.1666
Vitamin Bl 1.47 + 0.57 1.43 + 0.65 1.51 = 0.50 0.4312
Vitamin B2 1.54 + 0.68 1.49 + 0.70 1.59 + 0.68 0.9293
Niacin 18.53 = 7.67 18.15 + 6.83 18.96 + 8.81 0.4177
Vitamin B6 2.01 + 0.75 1.95 + 0.86 2.07 £ 0.65 0.3965
Folate 597.26 £ 216.03 562.67 + 210.25 635.00 = 225.93 0.8122
Vitamin B12 11.62 + 7.23 10.30 £ 5.26 13.06 £ 8.97 0.0940
Pantothenic acid 4.50 £ 1.44 444 + 1.88 4.57 + 0.83 0.0156
Biotin 16.85 + 4.81 1594 + 4.57 17.85 £ 5.07 0.7355

1) Independent t-test

was performed.
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Table 8. Comparison of minerals intake between fresh and fermented Kimchi groups

_39_

Variables Total Fresh Kimchi Fermented Kimchi P valuel)
(n=23) (n=12) (n=11)
Calcium 599.62 + 321.97 493.33 + 181.93 715.57 + 404.11 0.0145
Phosphorus 1222.67 + 505.23 1167.52 + 544.61 1282.82 + 477.15 0.6843
Sodium 4497.82 + 1850.38 4063.70 + 1028.67 497141 + 2428.12 0.0089
Chloride 426.94 + 271.58 421.78 + 182.05 432.56 + 354.60 0.0337
Potassium 3435.60 £ 1577.03 3158.14 £ 1204.35 3738.28 + 1919.06 0.1421
Magnesium 100.30 + 39.09 101.32 + 33.43 99.20 + 46.15 0.3051
Iron 18.16 + 6.88 17.23 + 6.78 19.18 + 7.16 0.8530
Zinc 11.50 = 4.40 11.17 + 4.33 11.86 + 4.66 0.8061
Copper 1.35 £ 0.55 1.33 £ 0.63 1.36 + 0.49 0.4152
Fluoride 36.44 + 48.23 4723 + 64.87 24.66 + 14.04 0.0001
Manganese 4.06 £ 1.85 3.70 + 2.02 445 £ 1.65 0.5307
Iodine 572.45 + 1476.09 304.94 + 372.42 864.28 £ 2112.18 0.0001
Serine 103.66 + 38.54 102.06 + 41.80 105.41 + 36.59 0.6820
1) Independent t-test was performed.
- AAtE BR olvlwatel HATE 2 fAH Aot vwd wRs. 2o, Fehd, A
9, Eded, oladzey gold, WEed, dxHY, EYER, BSAS WAPATo]
AR T vete] felal A AHRAE (Table 9).



Table 9. Comparison of amino acids intake between fresh and fermented Kimchi groups

Variables Total Fresh Kimchi Fermented Kimchi P valuel)
(n=23) (n=12) (n=11)

Glycine 2393.97 + 1209.90 2167.56 + 713.58 2640.97 + 1591.14 0.0141
Alanine 3134.56 + 1438.68 2816.94 + 887.85 3481.05 + 1852.93 0.0234
Serine 2248.12 + 988.33 1962.97 + 624.49 2559.19 + 1231.24 0.0355
Proline 3393.01 £+ 1115.07 3044.41 £ 765.54 3773.30 £ 1336.36 0.0813
Valine 2936.92 £+ 1392.50 2661.97 + 998.13 3236.88 + 1726.37 0.0862
Threonine 2137.72 £ 1103.10 1892.79 £+ 672.39 2404.93 £+ 1424.50 0.0209
Cysteine 575.60 + 227.99 514.37 + 197.55 642.39 + 249.03 0.4584
Isoleucine 253245 £ 1176.96 2316.31 + 860.60 2768.24 + 1454.50 0.0997
Leucine 4350.96 + 2081.76 3926.84 + 1467.56 4813.63 + 2591.10 0.0755
Glutamic acid 8689.80 + 3344.68 7775.70 + 2359.61 9686.99 + 4048.47 0.0907
Aspartic acid 4748.55 + 2266.45 4198.49 + 1412.54 5348.61 + 2889.12 0.0272
Lysine 3122.22 + 1787.36 2784.68 + 1024.31 3490.44 + 2363.96 0.0107
Methionine 1278.61 + 637.76 1156.06 = 415.99 1412.27 + 816.58 0.0366
Histidine 1833.54 + 886.51 1670.78 £+ 530.92 2011.10 £ 1162.96 0.0162
Phenylalanine 2432.41 £+ 1081.33 2192.07 + 809.21 2694.60 = 1306.58 0.1315
Arginine 3724.14 £ 1527.72 3446.22 + 1310.86 4027.32 + 1746.61 0.3602
Tyrosine 1806.17 + 780.40 1620.87 £+ 578.03 2008.31 £+ 941.36 0.1250
Tryptophan 589.54 + 297.68 495.72 + 137.42 691.89 + 389.99 0.0019
Taurine 38.90 + 129.12 55.11 = 174.68 21.20 + 49.55 0.0004
Sulfuric amino acid 1854.21 + 854.56 1670.46 + 609.88 2054.67 + 1054.85 0.0862
Aromatic amino acid 4238.57 + 1858.55 3812.94 + 1382.54 4702.91 £ 2245.46 0.1270

1) Independent t-test was performed.
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Fe FHT A3t YUATH

- HATNEYH AR
WEAA T FAT HAFE FAY Aol 7k e %S (Table 10).
Table 10. Comparison of estimated daily amount of LAB based on LAB consumption frequency
questionnaire between fresh and fermented Kimchi groups
Variable Total (n=23) Fresh Kimchi (n=12) Fermented Kimchi (n=11) P valuel)
+ 10.87 7.38 £ 5.27 11.07 + 14.88 0.4510

LAB (x1012) 9.15
LAB: estimated daily amount of lactic acid bacteria via 20 selected lactic acid bacteria-rich food

consumption frequencies. 1) Independent t-test was performed.
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6d. AAe AGE H WA vpA Ad =53 Fl

T 2 oAb S
& 7198 dLe AR 0.1kgDY7HA AAANZAZ =43, (G-tech,
Uijeongbu, Korea). 71 9% A% S 22 71712 0.5cm 99714 S8
- BEEYE FY3 Ak od] WHO Wil el Aste] 2 HApAldA HsHe] 53359 =

W AEsel S (AREES 3em AF) =dE S

- AGE Are 2 FEo| Inbody 3.0(InBody 3.0, Biospace, Seoul, Korea) o2& =%
Eig

- @845 =4

- e 108 o) s F F AF SPAR ok AHAA BT Alvitt St v 3
A FaF 33 SA st Hage AT

- S35 A EAAS BMIE #HE: UE 9 45, 85 % 33 4. A, 55Ed, ¥
muke w3 HHE Al S

- APGAE 23] T A9 HF R 12413 3 F A 8ste] AAIE

- Cobas 8000 modular analyzer(Roche, Brandford, CT, USA)E o]&3dled AST/ALT,
Total cholesterol, Triglyceride, HDL cholesterol, FBS, CRP, C
- 23] HE Al A XAEAALR Urine HCGE 4333t

BCE #HAlst

2. A3

0 WA AN 55 FA ST NI B DA, SRS B L 4yl A
W Alg(8FA @& - 0% ol Felehl DA ol Az, ARPATL o] 9]
ol el s AUAZE AR B AATES] G BEARH +5
7] Qe E=R felal gadde. 1 9 ARES fF 22 EE S/} Uy g

O A, qaAA FEfle]l HAE 8F0 AHT BE APA thete] dEmire A5
wE Ay sjeled 2 AAEE] felsl Aaskia (p€0.01) (Table 12). 35 A
2 QT2 T2 2HE(p=0.05)3 nREAERA(p (0.01) FFo] fFelsH Aoy =
g =57] %ooler] deke] o Ak E]l| (p<0.01). ol¢t 22 A¥E = o EE
HA7 | Hlstel FRRE G folsHAl w2 Acldte £ Ao MR dsEHA

3

=
gaiglont 14 Ade] Gl G ojn AE delE Ao AR
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Table 11. Comparison of difference of the initial and final figures for selected anthropometric, clinical,
and blood pressure variables between fresh and fermented Kimchi groups
Variables Total (n=23)  Fresh Kimchi (n=12) Fermented Kimchi (n=11) p-value*
Mean+SD Mean+SD t p Mean+SD t p *
Body weight (kg) -0.43 + 1.41 -0.44 + 1.56 -0.98 0.3481 -0.41 + 1.30 -1.04 0.3221  0.9571
Waist circumference (cm) -1.74 £ 2.94  -1.56 = 1.94 -2.78 0.0181 -1.95 + 3.84 -1.68 0.1235  0.7676
BMI (kg/m?) -0.20 £ 0.54  -0.20 £+ 0.59 -1.22 0.2468 -0.18 £ 0.52 -1.17 0.2708  0.9102
Body fat percentage (%)  -1.63 + 2.63 -1.85 + 2.82 227 0.0442 -1.39 +252  -1.83  0.0971  0.6860
FBS (mg/dL) -0.09 + 4.91 -0.75 £ 5.71 -0.46  0.6578 0.64 + 4.01 0.53 0.6099 0.5113
TG (mg/dL)* 841 = 4645 19.09 £ 59.04 154 0.1519 -2.27 + 28.18 -0.27 0.7945  0.2967
Cholesterol (mg/dL) -9.35 £ 21.65 -8.75 £ 2524 -1.20 0.2550 -10.00 + 18.15 -1.83 0.0977  0.8937
HDL-cholesterol (mg/dL) -430 £ 6.76  -3.83 £ 7.94 -1.67  0.1227 -4.82 + 5.53 -2.89 0.0161  0.7357
Insulin, fasting (mg/dL) 0.25 + 3.75 -0.92 + 3.06 -1.04  0.3224 152 + 4.14 1.22 0.2501  0.1209
CRP (mg/dL) 0.03 = 0.16 0.01 + 0.02 1.27  0.2308 0.06 = 0.23 0.90 0.3892  0.4619
Systolic BP (mmHg) -7.23 £ 11.60 -7.54 *£11.15 -2.44  0.0326 -6.91 + 12.57 -1.82 0.0982  0.9040
Diastolic BP (mmHg) -5.82 £ 798  -3.55 £ 6.50 -2.04 0.0656 -8.10 = 8.95 -3.00 0.0134  0.1799
Pulse rate (bpm)* -0.95 £ 5.90 1.27 +£ 595 0.71 0.4944 0.64 £ 6.12 0.34 0.7373  0.8072

* TG 2 pulse rate:= ©] X2 YERE 33 2Kid=R01-22 ¥ id=R0O1-11)E A8 L} =]
** p-values for the group differences by independent t-test between fresh and fermented kimchi groups

B2 AT Ao o] g5

Table 12. Comparison of difference of the initial and final figures for selected anthropometric, clinical,
and blood pressure variables of total subjects.

Variables Mean + SD (n=23) t-value p-value
Body weight (kg) -0.43 + 141 -1.45 0.1616
Waist circumference (cm) -1.74 + 2.94 -2.85 0.0093
BMI (kg/m?) -0.20 + 0.54 -1.72 0.0986
Body fat percentage (%) -1.63 + 2.63 -2.97 0.0070
FBS (mg/dL) -0.09 + 491 -0.08 0.9330
TG (mg/dL)* 8.41 + 46.45 0.85 0.4054
Cholesterol (mg/dL) -9.35 + 21.65 -2.07 0.0503
HDL-cholesterol (mg/dL) -4.30 + 6.76 -3.05 0.0058
Insulin, fasting (mg/dL) 0.25 £ 3.75 0.32 0.7502
CRP(mg/dL) 0.03 = 0.16 1.05 0.3061
Systolic BP (mmHg) -7.22 £11.33 -3.06 0.0058
Diastolic BP (mmHg) -5.78 + 7.80 -3.56 0.0018
Pulse rate (bpm)* 0.95 + 590 0.76 0.4564

*TG % Pulse rate &= 212

|83

o[ A= JEFTF #SAFST id=R01-22

id=RO1-115 A3 ypufA] FSA]RE ZA ol

** p-values for the group differences by independent t-test between fresh and fermented kimchi groups

T4,

v =

AN w3 B
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AW APARYE PA B8 Aol 18, AA B 15U F FR F 192 F 33 2
A BHE AZ Be 58 A oot A F4F wol vz W AAEL By A U

B2 AEee A -80Tdd AT

DNA F&& QIAamp DNA stool mini kit (Qiagen, Hilden, Germany) &
°F 200mge] ¥¥W<= DNA FE& 98 AH&3st=tl, proteinase K& %

g3t SL bufferg o]&ste] =95 FASE E¥WE 60%olA 1083 AH$: 5&83

12,000 rpme.z Y472l

I A2 U A9 incubationdtal YA EE s pEATCZ bound DNAE AH

elution bufferE ©]&st] =Jo| Festm A2l =9 83 DNAY <E&

spectrophotometer = ©]-&3te] A260/A280°4 S8

Real time PCRZ u|tgztoA wivkgd= 2 A3 ek Fwod w2 firmicutes <

bacteroidetes 7+2] W3} #Z 5L pifidus, lactobacillus €9 #i $(genus) % 2

clostridium, shigella & el & (genus)2 A st A3 A+ v,

qPCRel o3t A FEA 2 tE°] denaturing gradient gel electrophoresis (DGGE)E %

3 Al wE kAol H&o] W AlTEFel vAe s AR EAE

Do r

O Pyrosequencing

Zt 79 gdzk 1099 £ F 60 S Al52 A8k ChunLab (Seoul, Korea)ellA]
Z18) &,

C1000 Touch thermal cycler (Bio-Rad, Hercules, CA, USA)E ©]€3t9 16S rRNA
FAAe] 34 AH9E FEH(V1-V3 of variable region® 2 QIAquick PCR purification
kit (Qiagen, Hilden, Germany)® purificationd).

PicoGreendsDNA Assay kit (Invitrogen, Carlsbad, CA, USA)E o] &3l TEE =
St AL o] 2RE EFE A4 Roche/454 GS Junior system= ©]&3le] 7|& v/l
et FUde ZH|2 FE4HE (amplicons) o] AlEYE.

pyrosequencer AolA, Z} AE9] A|F 2= unique barcodesol] Wk sort®.

A2 5, low quality (31 quality scores?F 25 w9 o] ALY readZe]7} 300bpn| TSl
49 reade AYE. Primer AT pairwise alignment®t HMMER 3.0 package
(HHMI Janelia farm research, Ashburn, VA, USA)Z trim¥. Trim¥ A|HAE o] &
sto] o] ZF R A2 Taxonomic identification< EzTaxon-e serverg ©]-&3t]
BLASTN®| top5 23 3 A=} 7 =2 Ald2] EFTe2 A4,

7Fsd chimera sequencese UCHIMES ©]€3td AAs}NCH, ZF AZ9] read
number= random subsampling®2 normalizeddt$ls. 8|32l diversity indice®
Mothur program= °]&3fo] A4kst

==
==

&
f

==

. A
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O AW A= &(phyla)®] X

16S rRNA-based pyrosequencings ©°]&3sle] EWHAZ EXM ZH3zl 397,981 valid
read®} 24,8950TUE & 53

-zt 259 phylum(#)9 E3x& oty 233 22 (Table 11).

- BEAXE B83 oA Bacteriodetese 15
o

- Actinobacteria, Tenericutesm, Proteobacteria®< phylums(#)¥ A% A+ & F T
FolA F7kete Ao 2 YeERd. ©] F Actinobacteria® A% AR B 1554 &

Relative abundance (%0)

100%
90%
30%
70% 4
60%
50%
40%
30% A
20%
10%
0%

Freshl Fresh2 Fresh3

B Firmicutes B Bacteroidetes ~ ® Actinobacteria M Tenericutes

B Proteobacteria ™ Fusobacteria ® Cyanobacteria  ® Verrucomicrobia

=TM7 ® [entisphaerae ™ Bacteria_uc " Streptophyta
Bacillariophyta = Nitrospirae Acidobacteria Synergistetes

Fig 11. Average composition of phylums

Firmicutes phylum® Adti#ge] RE FoA 7 =4 Jelger a1 HE o]
Bacteriodetes ¢} ActinobacteriaZ} 2 2,3918 A&, 2& X9 Bacteriodetes %
ko]l A7t B A2 S7kske AP S Holu, AU X9 271 # Bacteridetes
/Firmicutes H|&¢] ¥dl= FAHCR folatA] X3 (Table 11).

d = 100.1%, 8F ¥ 146.1% <s7tstn
Firmicutese 2t 95.4% 78.2%% #4&d ZAo & vehd. old Hla AUAE &3 ool
Ne 58 1FYT Firmicutes’} 96.9%2 43t JHZ o] = {X]¥. Bacteriodetes
v 91.8% = #aste 4 vl=d A4S Hola v =g HEE fAE.

ﬁ]@ii ol S71ek Aoz Yeld(p value=0.22).

O AU vlAE %(genera)d] 3%

_45_



100%

= i = =
90%
80%
— 0%
=
=
N~
B so%
=)
s
=)
- g
B 50%
<
o
=
B 40%
=
)
~
30%
20%
10%
0%
Fresh1 Fresh2 Fresh3 Fermented 1 Fermented 2 Fermented 3
® Faecalibacterium ™ Bacteroides ® Prevotella = Blautia
® Roseburia mDQO71484 ¢ ® Anaerostipes ® Dialister
" Bifidobacterium B Ruminococcus H Subdoligranulum ~ ®GQ871709_g
u Ogscillibacter m Alistipes ¥ Dorea m Collinsella
® Eubacterium_g5 ® Ruminococcus_g5 ™ Parabacteroides = Clostridium_g9
# Catenibacterium ® Ruminococcus g2 ® Clostridium_g4 = Megamonas
uDQ824928 g mDQ777915 g "AMI83112 ¢ ® Lachnospira
uGQ8IT654 ¢ “EF404137 ¢ = Eubacterium_g2 mAM277340 g
Lactobacillus mEU381725 ¢ 1DQ057459 g AM406061_g
1GU324404 g "EF403870 g Akkermansia HAB506391 g
AB239481 g Haemophilus Alloprevotella Coprococeus

Fig 12 . Average composition of genera

genus(&) @A, Faecalibacterium, Provotella, Bacteroides?’} ¥ & ZFolA Al

stAl YEbd.

g Aol A= Prevotella, Bacteroides® community composition7} w0l ¥+= ®H3=

B w7l A Prevotella, Bacteroidese SIAAE Ald & 7+ 153, 186% < 7Ist
Aoz yepd. old vlg] AAXTAE 104% and 99% = H|=8HA UEbd.

ol9} W= Roseburia® Hl&ES W& ZHX|TdA 68%= Hojxl ¥, AAXTAAM=

103% = 2t S71 Aoz yehd.

Faecalibacteriume AR TN = 60%=2 ozl v LI AX|FA A= B8 A8

ANEES 71 wol HA ¥gdt ZS Bifidobacterium® ¥ €Y. Bifidobacterium® *F

e plFolu BEHX AN = 449% 7441, AHATAM = A2 2259% 7] STVt

ol Z7|gl| vl FolstAl STk FA <

|
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Bacteriodetes/Firmicutes ratio

Fig 13. Bacteriodetes/Firmicutes ratio
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Fig 14. Alterations of intestinal microbiota after the kimchi intake : phylum level
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Fig 15. Alterations of intestinal microbiota after the kimchi intake : genus level
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Fig 16. Comparison between microarray analysis of host blood RNA and pyrosequencing analysis of

gut microbioa. a) Microarray analysis shown in MDS plot. b) Pyrosequencing analysis shown in PCO
chart
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84. molazolg oS S HInt dd FHA T &<l

O &9 DNA wufo]aZojg o] 43
oA 2¢ Ald ATE A P MZS PAX gene™ Blood RNA tube°l] A3 3F<.
ol 7EmFde TREZ ulgl PAXgeneTM Blood RNA kit(Qiagen, Hilden,

Germany) & °©]&3sto] FAstA o -80Td #743

Microarraye v ZAA AlgdEgoer 7zt 79 99| Akl MZo] microarray
studydl] AH&-4.

quality controls 93 RNA Al ¥ integrity= denaturing gel electrophoresis, OD
260/280 ratio® evaluation H%+. Agilent 2100 Bioanalyzer (Agilent
Technologies, Palo Alto, USA).°]-§ 0}04 A%

3670 ME F, 10709 MES RNA o7 B4 W A, 26702 AEe] v 9AE
743l biotinylated cRNAE 5}7] A3t Ambion Illumina RNA amplification
kit (Ambion, Austin, USA)E 01 gato] 71T A e et total RNAS %t A st
o FAE. 550 ng9 total RNAE T7 oligo(dT) primerg °]&3td ¢cDNAZ FAAMAIA.
Second- strand cDNAZ $HJ3te], biotin-NTP® in vitro transcription labelings Al
g3 HA * ND-1000 Spectrophotometer (NanoDrop, Wilmington, USA)E ©]-&3}
o] cRNAE ﬂ]zd'

gy H  cRNA 750ng =S W 9 (Illumina, Inc., San Diego, USA)d| ulg} 58°C,
16-18217t8<¢t Human HT12 expression v.4 bead old@°lo] hybridized. oide]
signal®  Detection®  bead array "lwZel W&  Amershamfluorolink
streptavidin-Cy3 (GE Healthcare Bio-Sciences, Little Chalfont, UK)E °¢]-&3to] &
Sg?:'ﬂ—

oyole 71w w<e wal Illumina bead array Reader confocal scannerE ©]-83}o]
2703

Raw Hl°|HE Al&%- [llumina Genome Studio v2011.1 (Gene Expression Module
v1.9.0) 2ZEoE o|&sto] FET

Probes signal value= quantile method® logarithm¥} normalizeddte] W Este] ALg-
Eig False discovery rate (FDR)¥ Benjamini-Hochberg algorithm< ©]&3ke] pat
= 24 o HEEF

Functional Annotation £4¢] DAVID Bioinformatics ResourcesE ©°|&3to] <
S7F B 749 probe listsE =2hd

FAzte Aty BAstd V)5S ERSH pathway 45 918l PANTHER version
8.1(5)Z} KEGG Mapper v1.6(6)E ©| &%,

o] vy fHzke] dHoly #£4 9 AlZtsl= R 2.15.3 (R Foundation for Statistical
Computing, Vienna, Austria, URL: www.r-project.org) S A&},

ux 225 o] 835ke] ZF sample?] normalized signalel th3t Hdl, 24 percentile %<

Hi

ol
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Fig 19. Detected probes by microarray analysis
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O quantitative real-time PCR< ©] &3}

o o
29
L
(3
l’ﬁ
Lo
Jo
o

microarray datag 7lst7] 938l 187 F Akl tidll quantitative real-time PCR 43}

Eig

thakel #HE T FAAE AEst] primerE AAE. FAA AEE @A fold
change® Uetd 21 &, tASFod vt 1 Ao ¢zl A2 . Primer txt
9l g 4L Cosmo Genetech (Seoul, Korea)ollA a3t

AHE FAAeE O AlRxae 7lEFE A WEF AccuPower RT Premix(Bioneerlnc,
Daejun, Korea)E AF&3}e] total RNAO.5ng® cDNAE 43t (Fig 22).

Real-time quantitative PCR< Light Cycler 480 SYBR Green I Master (Roche
diagnostics, Mannheim, Germany)E& AF&3te] Light Cycler 480(Roche, Basel,

Switzerland) oA 4333},

Annealing
Selected genes Primer sequences temperature
(89)]
CYP2D6 F 5°-CAG CACTTC AGC TTC TCG GT -3’ 53
R 5’- GGA TGG GGT CAC CAG GAAAG -3’
RPL9 F 5’-TGA TTC AGC AAG CCACAACAG-3’ 52
R 5’-AGC CTG CTGAACAGT TCC TT -3°
SNX25 F 5°-TAA CCAAAT GCT GCTTGC CC3” 53
R 5’- AGA GGG GGC ATA GGT GTA GG -3’
GMPR F 5-GAG TGG AAG CGT CCAAAC CT -3° 50
R 5’-GAG GACACA GCATTC CAC CA-3’
FECH E 5’-ACCTCAAGTTCAACC GCAGA -3’ 51
R 5°-GTT TCA GGG CCT CCCATGTT -3°
CES1 F 5°-AAG CAG GAG TTT GGC TGG TT -3’ 51
R 5°-TTC TGG TCC AGT TGC CCT TC -3°
KIR2DI1 4 F 5’-GAG CCCAGA GCGTTATCT CC 3’ 53
R 5’- AAG CTG GGT TTG AGA CAG GG -3”

Fig 22. Primer list for gPCR analysis
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Fig 23. DNA expressions after 8 weeks of fresh kimchi consumptions
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Fig 24. Comparison of the DNA expressions after 8 weeks of fresh and fermetned kimchi
consumptions
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O Quantitative PCRZ ©] &3 fxaEd se &9l

- olAle] hA} W3 (metabolic changes)dl G2 m|xE Z8o] e Aoz L& 749
FAAE o] &3 Quantitative PCR 4 o2 #zdold 343t

- qPCRY =#Z3& vlo]az olglo]l9] fold-change$t #3192 ™ sensitizations 3k
frAbe g JeERd (Fig 27).

O ®kg FHAF] 715 %4 (Functional analysis of the responsive genes)

- frolgk WskE HQ probesE Wde® #HI 7les 7] flstel DAVID functional
annotation F#2HH S 5P (Fig 28).

- AR Tl HE] FEAATAA fFole Z2EE T 7ed @ JhHagE F9. olF
oAl FE 2B el a shute AT, olF TEAXY 5§ AFE A3 WIS B
?l SY2HE stuE TR A LA (up-regulated) H = Ziﬁli Ve

o
il

SR ATl 1870 felgh 7B ol wkg A Te] Aty —‘j—iﬁoﬂ/\t« 7154
HAHeE 28 F 8.
- Fisher's exact test® pate]l 0.050]79 FAx 255 Zepd 2x, 2749 7ls3 25w

o] & ES(enrichment scores) &= 7H4.
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Fig 27. Quantitative PCR analysis
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Cellular component morphogenesis, protein
modification process. lon transport.

25 Cluster 1 1.163 0.0068 MPP1, EPB42, SLC4A1L nﬂ:{‘:ﬁﬁE‘f“‘;“;‘;;:';‘zp;:o‘;afa‘i‘j;‘;“m §

phosphorylation, asymmetric protein localization

Lipid transport, lipid metabolic process,

Upstepalated cholesterol metabolic process, immune system

= i process, immune response, defense response o

Significantly EEL GYEE;;;S%@%S}BE;B%CH bacterium, protein modification process, gamete
differentially expressed 'IM:E‘\«I;.SS SE=LEN'BIT1 generation, cell cycle, hemopoiesis, cellular
genes of fermented Cluster 2 1.072 0.0051 LOClbO]}iSB} BCL'?Li component morphogenesis, synaptic vesicle

kimchi group compared
to fresh kimchi group

exocytosis. intracellular protein transport. G-
protein coupled receptor protein signaling
pathwav, cell admesion, protein amino acid
phosphorylation, neurotransmitter secretion

AQP10, EMRI, BNIP3L,
SLC4A1. ITGA2ZB

Natural killer cell activation, response to stimulus,

" = e immune system process. neurological system
Down tegilated 6 Cluster 1 1.891 0.0077 CESL KIRIDLL XIREDIS, process, vitamin metabolic process, lipid
genes KIR2DL4 2 L :
metabolic process, response to toxin, cell-cell
signaling, ectoderm deveolopment
Up-regulated 15
genes B B
Pre-post comparative
approach of fermented Protein metabolic process. translation.
kimchi group Down-regulated RPL17.RPL23.RPLY intracellular protein transport. exocytosis,
5 . 2 1 4 ¥ B
genes ¥ Clusterl L866 0.0012 RSL24D1. ACTR6 endocytosis, mitosis, cytokinesis, cellular
component morphogenesis
Up-regulated
i genes 14 - -
Pre-post comparative
approach of fresh kimchi ) g
own-regulate
B genes 4 - -

Fig 28. DAVID annotation clustering
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- #H pathways cell cycle, glycolysis, heme biosynthesis, blood coagulation,
apoptosis signaling pathway, integrin signaling pathway, Parkinson disease, p53
pathway, p53 pathway feedback loops 29} #HAEH olga 7|AELS A& H|=g ¥ &
= YERd.

- HEAATe] BAEd {FAAA chemokine@} cytokine "i7He] inflammation® signaling
pathway$} TGF-beta signaling pathway’} A2 £& A&#E Yehd. AT daq
29 ALd g e 7] YAl 5.
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- - . Cytoskeletal regulation by
Ileterotrimeric G-protein Rho GTPase 1.10%

. . signaling pathway-Gq alpha and
byosn gﬂ];g?: e ls:nle i‘g};]d Go alpha mediated pathway
B 1.10%

P33 pathway feedback loops 2
7.90%

Fig 29. Pathway analysis by PANTHER software

Cellular component L .
organization 3.00% Localization  Reproduction

2.20% _\ 2.00%

Cell adhesion 3.20%
Apoptosis 3.80%

Response to stimulus
4.40%

®
Fig 30. Biological process anlysis by PANTHER software

- KEGG Mapperg °| &3t Er2% F349] pathwaysE &1, daax e folgt &
A= cell cycle, metabolic pathways(purine metabolism, glycolysis, phorphyrin,
chlorophyll metabolism, drug metabolism)2} #HHo] U2
BEAATe] Y 5 W fAAE CDC429 CXCR1Y. o5& MGEFAAAL,
Helico bacter pyloriztaelA1€] epithelial cell signaling, pathogenic Escherichia coli

#9. epithelial cells®] HH2lo} ) T3 #do] . EF o fFAES 2HAHY
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(focal adhesion)@ A ¥ tight junction@ T&o] glo] FAUu|WEd| AaFS n|AS4 9=
Fzte B AHE FEZS F U5

- Ba A2 BPGM, GMPR, CES1, FECH metabolic pathways® & A#S 714,
CYP2D6= F + EFdA FoHJA =713 L3 F4A=2 cytochrome P4509]
metabolism¥} ##Ho] 2.
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0F. WA oA, Fel AR S|, uw fAA BAe BFH EAL

1 R A9 HRk A 53 #Ql

1. W

O frAxk ¥zt o] & MAle e A3

- Az HEI g PR Wl XS vwd 2y Edg W3S 23 5 Qe ol
2 ATEe 72 aFddA A F8AE olF FHA ¥t Fsld Al MAE 47 AA s
< (Fig 31, 32)

O Heatmaps °]-&& 9 FHx 2 A nAE #ste] FaaA &4
QerAsh B9l vARe] Wsiel P G444 A wse] gRBAS T e
Pearson’s correlation testE& °©]&3%. REE BAEAL SPSS version 18 software
(SPSS Inc, Chicago, 11, USA)E ©|-&3t.

- WA gdd Edse gy ngE st AREAd B4 Az =4zE 94
PermutMatrix Version 1.0.3 EN (PermutMatrix, Montpellier, France)¥

correlation data heatmaps< AF&3t
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~a O

Fol7F % F31E (Fig 33).

o)
U

insulin, body fat percentage &< thA}
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Hierarchical clustering

M Fresh kimehi group
M Fermented kimchi group
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Fig 31. Hierarchical clustering for the genes of three selected subjects in each groups on the basis of
having prominent gene expression changes after the study
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Fig 32. PCO chart with selected subjects from each groups
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a) Average composition of three selected communities of fresh kimchi group

Phylum

Firmicutes(50.74%)
Bacteroideles(45.45%)
Protecbacteria(2.64%)
Actinabacteria(0. 78%)
Tenericutes(0. 36%)
Fusobacteria(0.02%)
Bacteria_uc{0.01%)
TM7(0.0%)
Verrucomicrobia(0.0%)

H ErEEEEN

Genus

Faecalibacterium(10.59%)
Blautia(6.71%)
Roseburia(6.7 %)
DQO71484 _g(3.98%)
Dorea(2.19%)
Eubacterium_g2(1.97%)
Lactobacillus(1.95%)
Anaerostipes(1.79%)
Subdoligranulum(1.42%)
Eubacterium_g5({1.32%)
DQ777915 _g(1.03%)
Oscillibacter(1.03%)
Catenibacterium(0.88%)
Ruminococeus_gS(0.83%)
Clostridium_g9(0.78%)
Streptococeus(, 7%)
DQOS7459_g(0.65%)
AM183112 g(0.59%)
Lachnospiraceae_uc(0.48%)
Ruminococcus_g2(0.36%)
EF403870_g{0.27%)

I Eubacterium_g7(0.16%)

AM277340_g(0.13%)

1 Coprococcus_g2(0.12%)

H EEE EEN

Dialister(0.11%)
EF404752_g(0.1%)
Lactieigenium(0.1%)
Clostridium_g4({0.1%)
Ruminococcus(0.1%)
EU381725 _g(0.1%)
Clostridium_g6(0.09%)
AY242825 g(D.09%)
Clostridiales_uc_g(0.08%)
Alloloeoccus [ ue(0.08% )
DQ394602_g(0.07%)
Eubacterium_g4({0.07%)
Butyricicoceus{ D, 06%)
GQB9G349_g(0.06%)
GQB71709_g(0.06 %)
Copracoccus_g1(0.06%)
AB1BS816_g(0.06%)
Clostridium_g25({0.05%)

Eubacterium_g17(0.03%)
AY442821_9(0.03%)
AM277955_g(0.03%)
DQ394658_g{0.03%)
Clostridium_g7(0.02%)
AB626939 g{0.02%)
AB239481 _g(0.02%)
DQB15556_g(0.02%)
Coprococcus(0.02%)
Ruminococcus_g4(0.02 %)
HM123979 g(0.02%)
Enterococcus{0.02%)
Firmicutes uc g(0.02%)
EF406589_g(0.02%)
Clostridium_g12(0.02%])
Clostridium_gB(0.02%)
Ruminococcus _g6(0.01 %)
EF399792_g(0.01%)
Bacteroides{24.25%)
Prevotella(19.06%)
Alloprevoteila( 0, 78%)

Haemophilus(1.99%)
Sutterell2(0.57%)
Parasutterelia(0.03%)
Collinsella(0.62%)
Bifidobacterium(0. 13%)
Adlerereutzia(0.02%)
EU3BL695_g(0.14%)
AM275436_[_uc(0.09%)
EF445272_g(0.07%)
EU381620_g(0.04%)
Leptotrichia(0.02%)
ETC{0.4%)

Velllonella(0.27%)
Eubacterium_g21(0.23%)

Clostridium_g23({0.05%)
AF371779_q(0.05%)
GQ175418_g(0.05%)
Phascolarctobacterium(0.05%)
Eubacterium_gB8(0.04%)
AF499908_g(0.04%)
DQ734184_g(0.04%)
EF4D4137_g(0.03%)
Mitsuokella(0.03%)

AB506391_g(0.64%)
DQB24928_g(0.26%)
Parabacteroides(0.26%)
Prevotellaceae_uc(0.05%)
Bacteroidaceae_ue(0.03%)
Butyricimonas{0.03%)
Bacteroidia_uc_g(0.02%)
Alistipes(0.02%)
Bacleroidales_uc g(0.02%)

Lachnaspira(0.22%)
AM406061_g(0.21%)
GU324404_g(0.2%)
6QBI7654_g(0.18%)
ACTR_g(0.17%)
Ruminococcaceae_uc(0.17%)

EEE
ENEEENYEENEE ENVEEEEECE EeE .

Fig 33. Average compostion of three selected sommunities : inner pie indicates phylum and outer pie
indicates genus level
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Fig 34. The correlations of blood associated genes - which remarkably up-regulated in the Fermented
group relative to the Fresh group after Kimchi consumptions - with intestinal microbiota, and clinical
parameters.; %: p<0.05. * : up-regulated genes; ¥ : down-regulated genes
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Fig 35. The correlations of blood associated genes which remarkably up-regulated after Kimchi

consumptions with intestinal microbiota, and clinical parameters in the Fresh group; »: p<0.05. *
up-regulated genes; ¥ : down-regulated genes
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Fig 36. The correlations of blood associated genes which remarkably up-regulated after Kimchi
consumptions with intestinal microbiota, and clinical parameters in the Fermented group. *: p<0.05. *
: up-regulated genes; ¥ : down-regulated genes
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