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Abstract

With the decoding of human genome in 2004 and the recent development in nutritional science, there has
been an integration of molecular biology and nutrition. As a consequence a new word “molecular nutrition”
has been formed and recently the word ‘nutrigenomics’ is coined and widely being used. The field of science
that showed the most positive result from grafting the science of nutrition and nutrigenomics is obesity. In
1994, Jeffrey Friedman from Rockeffeler University announced that ob gene and obesity has a close relationship
and since then there’s been a huge research done on genes related to obesity from the molecular nutrition’s
point of view. Even now there are many genes presented which are supposed to be related to obesity and
big efforts are put into finding what exactly those genes do. Moreover studying only in the context of genes
was not enough so functional genomics, which is the study of the functions of cells and the functions and
effects between genes and protein products, is being studied. This review article discusses the relationship
between nutrition and genes and the general idea of nutrigenomics. The article also discusses about the current

research status on these subjects.
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Fig. 1. Principle of cDNA microarray.
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excitation 1

Total RNA extracted from both cell and tissue sample is labeled by radioactive component or fluorescence such as Cye3- or Cye5-
dUTP using a single round of reverse transcription. The fluorescent targets are pooled and allowed to hybridize under stringent conditions
to spotted oligonucleotide or DNA on the array. Because two oligonucleotides are hybridized only DNAs which have complement
sequences, laser excited hybridized oligonucleotides are measured using a scanning confocal laser microscope after elimination of

unbounded c¢DNA.
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Fig. 2. Mechanisms of siRNA.
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Proteins synthesized in the cell are passing through translation procedures from the mRNA. siRNA mechanism inhibits protein synthesis
by interfering mRNA which is essential component of protein translation. Intracellular synthesized or entered siRNA forms double-strand
RNA with mRNA and it is degraded by DICER which recognizes specific double-stranded RNA and degrade it. Therefore protein
synthesis is inhibited. There are several other inhibitory mechanisms of translation by interfering of elongation or formation of complex

of mRNA and rRNA.
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= o E oJ oA 2= o A (folate) o} B BRI Bo( Al o} e

2}%l, Cyanocobalamin)& & F7} sl=d o[ A o] ¥58
Aol 8% 5 2 A~ gl (homocysteine)o] Z7}8tod 4] o
A A A AR 7] & o] AAHAA = o] 2 1] 44
A7} 53 =] = dAbo] dofdrt. 3 DNAC 5244 (uracil)
o] ol A FHolA o] A=A ¥ 3 DNAS] A v d 3}
(hypomethylation)@Ate] deolvhA] ®ch(23). ez A3
F(selenium)®] 73 $-oll= 7FE 3 & AstA| 24 A Yol
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o]-§-3td Aol AR HAbstea
&4 A dEDG = AlE W 34

el Selze] Mg whrshe AaAld 2H8-3)H, o]v]
AR 2] ghefdo] o oAk 2H-8-312] 3} A| 3l= v el
Eo} 7ol #4317 = ghcl(24).

| el = vtz % (Mg)-2 DNA A AL 22 {2 #19) o
FHg-ol A Q] 24988 3, H(Fe)o]l H-FAlodll&

Z}
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Table 1. Interaction of genes and nutrients

AL 2R AA DNAC 45 F $71 (49 7128 =
o] =(carotenoid)®] ®-& 4dF & DNAS &2 WA XA
Zoh. NAD+2] AFAQl vo]obal(Niacin) & A4l
DNA = € 3HDNA methylation)& ¥ &l sl=1 v}o]olil 2
H Al Az o] ghaste] & FEE Tl
FolA 7] %= gheh(Table 1)(20). o12] & FAAke] kA ol
b o oFae] Ao g Qe FAlAke] FAlo A, A AL
2 Q9FE 714
dAurel R MA
B 7ol dofa= DNAG gl T2EE 24599
F5ol e At AAA AALFe] 23t
o2 o] Fll BFET EH. 2 F d
EAQ gzt okd(Zn)elth. obed2 DNAC $l+& ofd 3
A EE Z(Zinc finger motif)ol 24314 H=d] o)7L A
2~#| 3l (cysteine) 270, 3]~ €] (histidine) 27H, o] Al ¥ 4
N olwlate 2 A E el Z 24 TF3A(transcription
factor 3A), GAL4, 2B 2ol =352 2 584 5o 23t
RNA polymerase®] Z3H-¢idll 37 2F-4-3lo] Aalzd
Aol HES 3 FTh25-29).

vl el A 8] F FollA] o) 2 288k Zo] ofye}
438 el dlE A (retinoic acid) 22 2H-8-3}w
A7 e A, 74 2 i, 28, obF EAI L Foll 43

A e Aoz vt Hol g3 e w2 249
Sl = T ohe A2 A2 2 JITh(30-32). o127k A
2 A9zt Agste A2 447 A

——

Ab A A ER Y] 8-S #f Foua thekd S g
A3 A& 248l Fo} HE it FE4A = 2A

A o s s

Nutrient Target site Effector mechanism
Replication
Vit. C DNA Inhibition of DNA oxidation and chromosome aberration
Vit. D DNA Stabilization of chromosome
Inhibition of breakdown of dsDNA
Folate, Vit B12 DNA chromosomal fragils site
Selenium DNA Degradation of H:Op, prevention of cellular damage.
Fe DNA DNA damage
Zn DNA, Histone DNA and Histone hypomethylation
Transcription
Zn MTF1 gene Provide DNA binding site to polymerase
Vit. A RAR, RXR gene Transcription of various gene
Vit. D VDR gene Transcription of calbindin and osteocalcin.
Dietary fat Lipid bilayer Influence of cell signal by changing lipid bilayer composition
Oligosacharride mRNA Control of pyruvate kinase (PK) mRNA splicing
Translation
Fe TR gene Control of TfR mRNA
Ferritin mRNA Control of ferritin protein synthesis
Heme HCR Control of globular protein.{need for hemoglobin synthesis)

Glucose Pancreatic B-cell

Production of insulin

Abbreviation: MTF, metal-responsive transcription factor; RAR, retinocic acid receptor; RXR, retinoid X receptor; VDR, vitamin
D receptor; TfR, transferrin receptor; HCR, hemin-controlled repressor.
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RAR(retinoic acid receptor)®} RXR(retinoic X receptor)®]
F EFFE vk A2 oy 259 o] AAA(RAR- «,
B, 7,RXR- «a,B, v)E 7= ol A e =itz Ag
371 91314 RARS RXR¥} g4 o] A& & A8t} 34t
RAE2E A0 H D 44 2 BB Fa% A4}
ZAJAET o] o)A F F A stedok FTH(33-35). @
¥ x589 Bdoz Al4Ei= 2 &alE°] PPAR(peroxi-
some proliferator-activated receptor)~ ¥ 8] % Al (ligand) 2l
] o] PPAR- 7 = RXR#} o] o] 2 Al & A4 vk vt
glth. FHE dE el o)A A A Q) 9-¢is, all-trans HE =
ol xto] A uPA| F2] Ao o gL vz Ac)s W 3% 9lth(36).
vl el D= 404 L-’l 7‘“’“1]3501] ’51% 3o 7&‘54’]— "14

ofaze]t}. o] 712 Zloln} *J%Loﬂ/‘ﬂ vl eyl DE 01%5}04 3
A 5= 1,25-(0OH)Ds9k 2 83l vitamin D 441 (VDR)
b AR AAL A QA 2N A 4-517) 9 o] vh37,38). )
enl Dol A gFAd =l 22 Al Z 9] VDRe| AatslA =1
o] 47} Z¥d(calbindin-D)3#} 2.8} 2.2+ (osteoc
alcin) 5& ¥ E&T o] A AALE F4 /‘174%‘4. o]
2A FAR BN g A 2o A o] o] FL
215l Q| Aerrd MATE 9
(39-41), £.2e) £ 7412 vl eyl D o) &4 728435 &
o o3 3749 &F 4 glutamic acid)e] 7}Ei/3§}(car—
boxylation)= A A A 5E o) 2T AEAA A5 AF
o A o] Fad g sy %4(42,43).
o] g oFiE o] 9o & 2]F @l Ak linoleic acid)e] 1} o}e}7]
E4Harachidonic acid) 52 X3} AibES A9 §
A 2F iAo deldte 4, ey 2GS A
(Glutd) 52 &S §AA A dA N 2| FEo) =
S+ AEze A il 24 & Bﬂi}/‘]%iiw
/}11 4"“117%]01] °d8-& vl A a1, 45}7] o]
A A EE e ABAEES
FEA 7L BAE ok 5
I ol F 8l ohekek KAAE HAAA AW
= AV AL BE-e WA TH44,45).
FARF AAbA o A 9] 4L DNAoA RNAZ AR
2 2AHEE Ao] olel RNAR TEo{Al AlejolE
X%}EJ RNA BE o] dd 2

(e}
= ©°

-

B R

h

1 - 7}\ AR %
S 9B R HEIA HEHH Sl 101 HA G e
o] A of g} o] IEE A AN #
deki F syt 2rgel v g WdFoidh &

Zrolut Ak, el A #4724 3H(splicing) 24 ol
sl xmddabel et vl Q) PK(pyruvate

kinase)?] o] A1 & A (isozyme) E HHEo] F o} (Table 1)(46).

Pt FUA ¢y
ofael At WA o)A 9 i?‘éﬁ 2A i o
AFAQ] mRNAS A S 288k v sz o
oot Do) <labshE B3te] A E W oR v
] S g =

A= ®st Ao Al x
W o) Foll Hod st Ea,l_ﬁﬁﬂ%l}] o XE‘ f‘;}*é olt}. o] A

EARN) 54 A A
o 3} A) l~tﬂ Mol A4 o »ﬂalﬁl mRNA$|
l otz ele] =7} Aoz BE A4t
Wi el Helvle] 3 AT = o i Exfs}
o) o) F ol FHodstm whufalql B s ] Aol
# 484 mRNA9| 3 UTR¥#ol 2¢¢22
# mRNAE et A A sl & A &A1 Aol

5 g o) ol eloj el Ay ste] of H4ef 33}
25 WA o224 ZH7he) mRNAZFEH F2 A2
éﬂrﬂdf’—i iﬂal A o] gL Ay HAIRE Bl

QA =7} 7F Ao
Zors) A "FohFig. 3) (47*49)
Al ghAd oA sk Alo) o 4
of W= A of& Z:"éﬁ}t ]% HEHOR 3
(heme)ell ¢J&}+ elF2(eukaryotic initiation factor 2)¢] 3}
2 5 57 ol o] -2 W(heme)o] F-5& o elF29] «
B8l glAkskE s 40s elF29 Met-tRNA GTP
(guanine trlphosphate)—‘isd'ﬂl-J A& whal o] F-4dA)F B
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Fig. 3. Iron~binding protein.

(a) In the case of iron deficiency, ferritin synthesis is inhibited by aconitase—ferritin mRNA (5-UTR) interaction. But when the level
of iron is high, ferritin-aconitase complex dissociates allowing for ferritin synthesis to take place by Fe-aconitase interaction. (b) In
the case of iron deficiency, aconitase is bind to transferrin mRNA (3'-UTR) it continues transferrin synthesis. But when the level
of iron is high, aconitase dissociates from transferrin mRNA and it inhibits transferrin synthesis taking place by transferrin mRNA

degradation.
A CiE

chl 7] ckHM(SNP, single-nucleotide polymor-
phism)O[2F?

199614 Risch®} Merikangasell &34 &&=} Wjo $A
2 v A o] Ex g E o] E FAHAF oFH AL A
F7HA A o2 FER Ty glivh fA2) ohgAdo)gk Al
7} 7§17k DNA®] A3l g 37189 oz 4}
G714 94 o3 A (polymorphism)Ze| 4] 1kbase Z-& 1500
bpd IHEZE 713 weol EA3k= Je & L3eha2). AA)
2 ZF N1 fRAE vl asnd oF 0.1%2] 2o & 71X
gl olef gt 2 Apelr) 7], Wejste, A 8w
Aol g A %4 o e}7}x] 2po]E Mol Hr}, o)
213 SNPo| #3r A B 9 FFA 3H(phamacogenetics) ol
A FR ol ‘il‘iittﬂ ol A& d FrA A go]a}= &
Fell7bA] 1 g gke] ks lh(53).

B AT BuAl st FAzbe} o Faety A
THAE AFa FFolv FArjdl whE FuH, vg 28
AEA A 2 Aoz vepd 71 ) o)F
< 3l1e] SNPel| & 84 DA F= QA= 12

g =83 Al A o2 Fylo] 9ER
2 328 SNP7} B-3h4 o2 ahg-slo] A3}
7} gk olgl gt EAkgk Ao gk e sel
Aol 9l= SNPE B4 el 7|28 Fa 9w B2
ol2i &k A of] | Z4Ad-& Alo] Aol o) sted Al
UTHB4-56). G2 FFFA Aol g A7}
HA A=A = Az oy Ad e Ay, o n
oke] AATBA o} 1 A A Fo] FHEA Ha 3
2 B4 /e Az o] gz wEa] Ao} A)o]

HE 4 Sle b A7 2 5 sle

&)

o
¢

l'lf"l o [
—_ _‘o OE
JL rlr i

:‘lO ot
L o

mﬂ, il ‘10
HE

o o2 T > b 1o fr ¥ o o ki
ol

L)
to fo P

2

5,10-MTHFR(b, 10-methylenetetrahydrofolate re-
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F9 9900] H A, HAN, 2EY VAT LY
G 9o, Aoe) AP AHRE Dol Sleh ool 2ol
she 7

_L4

A FolA =7t FEsoF & 22 ¢4H({olate)
MTHFR(5,10-methylenetetrahydrofolate reductase)e]t}.
BAE ZF AR A WA E AT T S 3

]‘%_"i}(methylation)F’/}h FA4 & Ea4] DNARA, 25, &
Aol = o gL a1, MTHFR- 3 4ke] diAtel] odsln] 5
RA2H Q1 “ﬂ Hede g vl 5-MTHF @& 34
gzt Fod ghe Aol ch(Fig. 4). AF7HA] @€ MTHFR

[seﬂne]

glycine L_}/

Methylene
MTHFR
Methyl - THF

Fig. 4. MTHFR and folate metabolism, relationship of ho-
mocysteine-methionine metabolism.

Homocysteine, which is metabolic product during amino acid
metabolism in our body, is transformed into methionine by
enzyme called MS. It has many side effects such as natural
aborption and Low birth weight to pregnant. It is assoclated with
enzyme of MTHFR which is related to folate metabolism.
MTHEFR is essential for making of methyl-THF and methionine
is formed when methyl group of methyl-THF is remethylated
into homocysteine.

THF, tetrahydrofolate;, MTHFR, methylenetetrahydrofolate re-
ductase; MS, methionine synthase; SAM, S-adenosylmethionine;
SAH, S-adenosylhomocysteine.
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