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1. E4IENAMAT 7 2—2XRNTHHDIEAH

9104 R > T, L M2 BLBWIEETOLIZTEILTD, TMELADPSAR»SERL 2 FERS
W OFAEDSW S22 Y, BAEY (protozoa) £ LTOE O “HEET" PEAIHENENTEZ, =
N, WEERFHLUALD, FELL EM ICHTLHANG 272 % THLHLHIEK L LMD, BlfE, €3
v (vitamins) & MEN L&MW L, /N4 7 7 7 % — (biofactors) EWHIENALAEW D, &NV E Y (hormones) & EFE
EhafbaWd, BMENTEELRERNISICEG LTV ETRERALTHEA, 29 LzEEES T oRED, W
Dy, ARRED &0 ) B DR EETIIRERETH %, Table 1ITE S I ¥ LEF{ SN TV 2 AFEEYE OBk
%, F7:Table 2ICREMLNA AT 727 5 —OERBERREZ IR L7z, €5 I V04, 1088, AR CTH 2R
DWRAFHTH ST L FEHITHT 2% S, 12, "L (essentiality)” OFEHIO LY S X5 Z & A3

Table 1 Physiological Function of vitamins

Vitamin B: Coenzyme of transketolases and decarboxylases as TDP

Vitamin B Coenzyme of oxidases, dehydrogenases and oxygenases as FAD & FMN

Coenzyme of dehydrogenases and reductases as NAD(P)/ NAD(P)H
Substrate for ribosylation of DNA in a form of NAD

Niacin

Coenzyme of aminotransferases, decarboxylases and racemases as
Vitamin Bs PLP/PMP, Modification of interaction between hormone and receptor
protein as PLP

Coenzyme of one-carbon unit transfer reaction and nucleic acid

Folic acid metabolism as THF

Vitamin Bz Coenzyme of methylation and isomerization reactions as cobalamin

Coenzyme of organic acid metabolism as CoA and prosthetic group of

Pantothenic acid fatty acid biosynthesis as acyl carrier protein (ACP) moiety

Biotin Coenzyme of ATP-dependent carboxylases as biocytin
Vitamin C Coenzyme-like function in Fe** dependent hydroxylase reactions
Vitamin A Optic sensor as retinal, Cellular modulator in a form of retinoic acid

. Transcription factor for calcium binding proteins to maintain calcium
Vitamin D .

homeostasis

Vitamin E Anti-oxidant in cell membrane
Vitamin K Coenzyme of y-glutamylcarboxylase in a form of reduced VK-epoxide
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Table 2 Physiological functions of Typical Biofactors

Methyl group donor, Constituents of cell membrane,

Choline Precursor for neurotransmitter
Intermediatory agent in mitochodrial electron-transfer
Coenzyme Q
system
", Vehicle for fatty acid transfer through mitochondrial
Carnitine
membrane, Methyl group donor
. Material  for the signal transduction between cell
Inositol
membranes
Biopterin Coenzyme of oxygenases and hydroxylases

Coenzyme in oxidative decarboxylation reaction of

a-Lipoic acid pyruvate and o-ketoglutarate

Phytochemicals (Polyphenols, | Anti-oxidant, Immunosuppresive reaction, Hormone-like
Catechin, Isoflavone, etc) reaction

Smooth muscle contraction/relaxation, Platelet

Eicosanoids .
aggregation

Pyrroloquinoline quinone (PQQ) | Coenzyme of microbial periplasmic dehydrogenases

BRLTWDE2E Lk wds, ORI AKIE 0%, 5T OB MEH 7283 2 HT, XU Rz GEH
MZWRIZLTWDEEZONLDH, "WH LEIBELGRDICAESOLVEG VR XS —H, "M A7 7
75 —D%LH, €F I UL BROMER ®WiRDTHE THLIREEMGEHIN TV, ZI5 05T OHIED,
WERTH B IHORNELR D, Thbh, TCAYA 7V, REEE, ~Fv—2F/ ) YEEE (HMS), XY F—2
) UBRRESE 2 OEAKNO T F 7L aF 4 v 7 8 (anaplerotic reaction) OHH S, ZFN S ORTERAI LG X N5 H
BT TWDB,

2. g, E2IVH

Yy I VALK, ZIF100FE/FHBLE) L LTWD, ¥ I VICHT 2 T X RFZERIc B v CHIC 2
5722 8iF, Y I VEERINDL BHEOEIEEMED S B, BUEHIHL TWAHITIEX, 3XC, £Dde novo’k
BB D—2, B 5 VIIHEBOBEERIREL Tnb, P, 9 LABEERUAA RSN T L6055
nTwns,

freziE, VER7 7Y (EF I VBy) OAEGHBRIE, EROAEGHMEHKEY) ¥ 27 LTBY, Fig LWIRT LI %
FEME T, WZEWE @ GTP (Guanosine 5 -Triphosphate) 7 5 BB % %5 T, GW'E (6, 7-dimethyl-8-ribityl-lumazine)
LIFEN LV < Y ALEW 2 VDS, AL (dispropornation) ItlZ & - TV KR 7 5 ¥~ (riboflavin) 2349 % D
TH DN, FDO)6% T 5riboflavin synthaseiGiPklx, b - HII - 7 ¥ - TIVEY POFIKT, FFRBS5ED LN
BT EHHED SNTW 2, WM, XCHESRTURHIT, Fig 2008T 5910, €5 3 Y Cohammie, %
REZBELZ L OBYWORBICIIFAEL TS, EVEY b, BREDINE, ZVva—Xz2E8WEE LT, HMSH
LA YR A 7 Ve NANRZALEREINLD, FEEICE, 79 Bh S50 L 720 L-gulonolactone oxidase 23K
BLTWA720, EHHTHDT ATV VB (L-ascorbic acid) 385 v & AEGHERETE w2,

Iy EERSNDEIEEME OB ERRTAL L, RELHTT, 22258 TE S, 121F, BURL 7K
%, de novo A G BB ORER O KIBITENT 2 L Bbh b WEE . b9 —2ik, WABWICE, b LAaaE
ROIIE L W EAW T, BSR4 (autotroph) DEJEIKFE L TV AIZH b 5, BHHIRO b TUHED
MBS LTV ILEWTH 5. REMLHNZ, UHT IV BASH%UT 5. EFIVADZOHE L TETSE
EHERD, WDWBTVRYROBALKETHY, 1ZLA OB TIE, TOARBRIIMON TRV, €Y
IVE, €I VKORENWIETH S 7 1 F—)v (phytol) 2D, TDHHBICA S, Table 312, HEHPIL TV HEE
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7 I VOEERERT, RELTWS (B LLIE, REMHEESINTVS) BEATY LT, AL, 1I3FHEHOL Y 3
YDHL, SHEHOY ¥ I VT, BEORBEEDNAZBMIZL 5T, RELIEEEBELMEOTZEMN 2 EBI L 22w &
AafEREc & v,
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Fig. 1 Biosynthetic pathway of vitamin Bz and folic acid from GTP (precursor).
De novo Synthetic pathway of vitamin By links with that of folic acid.
X shows enzyme step deficient in animal tissues.
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Fig. 2 Biosynthetic pathway of vitamin C in rats.
*L-gulonolactone oxidase is missing in primates, guinea-pigs, a kind of bat and fishes.



Table 3 Enzyme(s) deficient in the de novo synthetic pathway of vitamins

Name of Vitamin Deficient enzyme(s) or reaction

Vitamin B: (Thiamin) Thiamin phosphate synthase

Vitamin B: (Riboflavin) Riboflavin synthase

Not determined
Vitamin Bs (Pyridoxine) | (Erythrose-4-P + 1-D-Deoxyxylulose — Pyridoxine-P)
?

Folacin (Folic acid) Dihydropteroic acid synthase

Vitamin B2 Synthetic step of Cobyric acid

Panthotenic acid synthase

Panthotenic acid (D-Panthoic acid + p-Alanine — Panthotenic acid)

Vitamin C (Ascorbic acid) | D-Gulonolactone oxidase

7-Dehydrocholesterol — Calciferol

Vitamin D Light

3. EZICERIVECDEN

Br, WPoEEEEAT HNTIE, SVE Y EREN L ABEEWE O GEET S, Tld, EF¥IVERLVEVE
DERENENMNIEZWZHEDOTH S ) he DI, M T, EGBRICEEREE L) AMEEWE TH 5 M Tk
EWIEMEV, RIVE VL, Fig 3R LA XIS, BEIib o T 5 3R 0 2 R HHE R ORISR0 2 MW & L
T, EEEE AT BRI E S T TOESBBEIEM L TWb, LT, Mif% i L CEMEREICHEL,
Z ZCEMICYLHDORISIZHEE T 2WEMNTH 5. IR LT, €S I V%, & TIER S, EWichibo 23R
WU, Thbb, TFTLuF 4 v ZRENS, KB L %ML S N B D > TV B,
ZDOHIELED—2HHWVIE, BEOBERVPKIELTWL72012, ZRUEOLEWE, Al @WoLE3ER) O
THENLZTFNER LW E W) REEATA2ILEWHTH 5,

Low molecular precursor )
(via TCA, Glycolysis, HMS etc) Endproduct (Active Form)

L !
A>B—->C—-o>% X—>Y—>Z

Vitamin ’

DIET

A—-B—C —>0>—— X —>Y — 7

Hormone (via Blood Stream)

£nanoy [edsdoforsiyd

Fig. 3 Decisive difference between vitamin and hormone.
In view of the physiological function of vitamin and hormone, there are
no differences between those, however, the vitamin must be supplied
from foods extrinsically. On the other hand, hormones can be supplied
via intrinsic bio-synthetic pathway.
At the biosynthetic pathway of a vitamin, “X” shows genetically defi-
cient point.



4, B2 I ERIR

B E ) L THBHEROMBER L o TV T A EELLAEWZ &M (R TEELTWEDTHA ) 0o 500
AT, TTICHAHARIC L s TESN TV A4 OERIC L - THEEL, Amid#EEL-LBBIIT
W D, EfOHEORNITER N (heterotrophic) THh - 72 ERE SN T W2, 208, 3UEERN & i
BINTVDD, WOORNNPT, HOSOEMEREG % BEILEW2 S G T 2 A7 EYSRB L7, T4bb,
Mz e Y (autotroph) DB TH 5. TNOHDEWTIX, FIVEVEEHZSNLIEIEEWEIIGFELTY, €S
IV EERSINDABHEEWEIIFE L 2 ve EREENTHLBEAMICLS>TOY Y I v EiE, MVREEYICE
FAERNVEVEERLTINMELEYWHTH S,

ZH)ETH %L, BEOWIK LICHET 24T T T, #f=T (DNA) KNS M- EmE IR, ¥ o7 8x 6
WL, ZOF N7 EOMEHICE T, ZOMDDH LW EWILEWE XL TV b, BORBEYOYS, €5 IV
BHLAKL TS, Thbh, EF¥IVEGETIDOICLELRY VX7 B2 b0 ORMIREREZEML Tnbd, L
ML, BAEBWIHAELZEE, MO2OBMT, €9 L-EREHRO G, b LLRERE R0, HdHWIE, &
FoleOTRRVPEMEGEEND, TIE, EILT, ¥ I VAT AODBIETFEESTDELIH?

L, © bOERETPMHINZ, TORE, b FOBETFORIZ, 20,000~25000HFEETH 5 & W EhTwn
29, TS ADSEREIERII A S TV B EYOBET OB E I L 22s, BMcA v, 28 21E,
(B TR AN D LT 2 B 56K, 14 X+ X F (Arabidopsis thaliana) G, #126000HFLEE, W filH o
A F A 1249210000, 3 CICARZT DRI S TV B (Bacillus subtilis) OB {ETHIEH 410017, K
(Eschericia coli K-12) TRI4400AFEY TH 2 L), b FOLHIBEIZ60IME E Wb TWb, M EY O #EE
TEHEDWIRIZBWT, 72, BMEWTHLIAF AR 04 X F A FERIELT, FHRLZL Y240 P viEsT
BIZLo TR SN TWE 2w 5,

22T, KIEZREEE 55 E, BWSEAE L7250 0810 ~5BER Ok FI21E, 3 TITBS L T 7o 538k
MOFEL T NI-GILEMDREE I THELTBY, AMICURHEOTXTOLAWED, HRNWES IHERTE0T
ERWZED ) He TTICAR SN ZNRLS L LTENTSZET, AMiGHchASERIIRro7
DTH59 o BWBHELT HITONEHREI L, MR EOREREMEHNIHGTTIBLVBO Y V37 B LB
ELITEN R 29 Ly Y37 oMK & HBUIHERS L 72RO RO DIZ, SN B8 ST THE
BIRB T b, " 2ORBITHETE 2ILEW % de novo KT 5720 DBIZEHREEHHL, AFOLDITLD
BEEOGVWHHY 7 BOERD IO DEHRAN LYV HEZ TV o720 TRERWESL I P RS, ¥E¥ I rEde
novo LA T B DICVELRBIZTHPIEL TYH, EMHIFICZFNIEIERELEEBEZEZ BP0 THAH, RENT:
B TEAHAAL, AHEOZDICE ) FFICE EEHRICKZEL, MKT 2 HIICEL ST 22 EW 721578,
HEEERNIZIEV W (Fig 4) .

5. EAIVER, ABEEPRIVHLE “REFE” LOEETHS

EZAD, B, BESMKAETEEEL L)% T, "M OFETRICEMPELLE L, TTAEEVIT
[T, AMEAEST S e b EHEFOMICHEES R TE 22, £, AN X ) R OMERDHE L < 74 % 0 % [k
TH720, WLV HETRUMRET 282 ZR L7220, WIS AL T VR BFAEL, 561, &)
WL D BN B D B TE & W ) AU BRI TEA O#ERE S, AKEO “f” OIZEE I L TW 2 Lbaw 2 ik
BRI ETLE e EHIRAL V) &9 RIFEDRMIN Y 2 BRNT 5FOME T, FEDMMAIHE L THE
22 WEREIZZ o TL o 2HOEREME S, SAPEY IV THHE VR b,

bHAA, MOBYWORHBRETH, CPEFULIICESY I VIIHFETZH, EFE, RKEo il 2#-5Tnw3
Ry Tid, "B 2000 PIIEIN TS, BHNMEFICEL)ERIh, AETHZ L3P L, TR
5OEY I Ve TFFIERTERVERHDG V2L LT, HRBIKSH, EIEPLN o7 ThHs) LRI
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compound
necessary
forfife s
(Human genome: ca.25,000) | Vitamin Deficiency from foods

Fig. 4 Speculative illustration on the origin of vitamin, a specific functional compound.
Heterotrophic organisms are necessary to obtain the vitamin extrinsically. At
ancient time, the vitamins might be easily supplied from foods. To save the
restricted gene be able to hold in one species, a specific gene, in which the pro-
tein sequence relating to the biosynthetic pathway of a specific functional com-
pound was encoded, was diverted for another purpose(s), for instances, proteins
for neurological function, movement and memory etc, because such gene was
not used so often and then forgotten for long periods. Such stress is called to
be “genetic stress’.

5o B ME, ABSLWEAEZED ) Z TEMGEOAEE 2257 I VAV L, HSOREMEZIZL 5T,
AT B EMD HiEEERTELPSESEFTOWLBMZEYEE VW L) (L PPFEFERLTCVWLIRE
FE, BRETHLEYIVOMENRZO—XT7 v TENLD, Thdb ALNEHETHS),

6. ILLWEZIVIETFhSH?

BEE sy I Y EEFREN T AINEE G OEBEOEREZRNTHS &, THWI L1288 < wEEWD, £
BOEARPOE 2 I L CHEEYE (RAF RS VR) 25T 5720100, H20E, SORGLILETHY, Tz,
BRI E R AL 2 R AIN T %0 29 L72AHROG 2§ 2 F & L CORERORE, QREROME B
L UOCMREROME 2 ENEZOND, TDHEH, OEEESY Y7 EORNHRAE B L OCQEEROMEHIZH L CTldhk
RRIGER T E R\ § YNV HOESKICIE, ROWTHISLETH Y, WREHCTORMEICITES v, TIHLT,
BT omiEFZD, T TICHEREDR > TWDE 7RSY 287 (apo-protein) & OFEE - fREEIE, BERFICIT 2 2 5 0]
HOKETH LD, TOMRT, KRG TFOMBEREZLEE T LHFRIIAHPEICB T R ELBEREVZ S,
COFEEIZALILEME LT, 10MHD, ELLT, MERLLTEELTVWLIESY I Y offl, CoQ (¥*/ V),
AN=F v, ay v, o-VREFONAF T 775 —%BHIFLILHNTE 5,

CY I UFHIBRL o COLABRKIBERRTRL L, AW LRI, Thbby v HoRMPiksa
(post-translational modification) FUBIZBI G- 3 2R OHBER L o TnbH I ETH D, PlERT &, Fig 5IIR T X
IS, ¥ Iy ClRag—F v s Bo# (maturation) (S FE R 70 ) v KE(LEEE (prolyl hydroxylase) 8
L UNFF Y F—F (lysyl oxidase) DIUBICLETH 2%, DNAICHIAR T W EHBRICHE>T, 7035 —
FrOR)RTF FEBER L, o bN72 70 4 VR KBILS 2 USICFe™ 1+ » & IUETH %,
b —OoBEZITLY, ¥F I VK, WY, MEERICES 3 ART-L LTRRAINA2DS, BlE T, 10fE8 D,
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HOO,
4 3 0, Fe* +0g+ JRE . + AsA+o KC 02 or-Fe?* or - AsA
5 2 Ascorbate a
::\

,% Q_ m.R.NA RNA
HO, m .
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Fig. 5 Coenzymatic function of vitamin C. o
Reaction mechanism of prolyl 4-hydrox- l
ylase in collagen biosynthesis (A), and : e S
contrast behavior of mature collagen in - N I T i —
cell surface ws. incomplete collagen v
RAPID EXCRETION DERAYED SECRETION

made by vitamin C deficiency (B). A FUNCTIONAL PROTEIN
(B)
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]
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I
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1
1
i
1
1
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i

L0 vy BOMERBICES S 5% SICHEET 5 A VEF 2 5 —E (y-carboxylase) ORiEHTH 5 2 &
PHELENT WD, ZOREEOIEMEIL, T TICHEEN > TOWERY RTF FEOFEDEMICH B 7V 5 3 Vi
OV ANAF VNI EBAT L HIETH S (Fig. 6)o

MgxE72{FLLL, RIRAFHZTIE, & 287 OREREEM O S-3 % B DO 59 2 il o fit
Wi, BRESTERT 20 TIER L, M ICHRT 2R L7275, R AEwIce > TEETY L

IR A LD TR B VDS ) e § 37 BORIEL BT 28T, RURTFENEEL T2 5, FEEITHRE
ZIRBTH0TF BEEMST) B ETIZED X ) BIUSHIT DN TVEDTHA ) H ?

FRO2BEORKISYANS, ) 5= a YRR, UARVIERIS (ZORISOIEEIEFTA T ¥ v hfEibhs), 7
EFMALRIE, A FIALBISS 4, 150 ML Lo BB S ¥ /87 BOBMPBRBHEE L LTRTFShTwa 1Y,
ILTCHMAEMLTLSE, EFI VLI AEFNIWMRBREEEZVESLI DLV Bt b, T TIC
204E L EASHEM L7278, 19794RICPQQ (Euu X 2 ) &/ ) B, WAEYMOEET 25800 OREH T H O Hrl O ik
FrLCHESNAY, B oM AT BREEO RIS D MRERASRIFE OREEDIAE Lrze Mg, FE AR
AR EDOEWIFEEE 2 o> T2 T, BT TLPQQA, MHEL LTHVTWIOTRZWVLAE FHL
TIT, 7y MFXD ) YBURKEEREZRRL, TOMBREHEET 57000%RE I, PQQOIRIED, Fkik
DWETREVPLEFHL, FREEREYIT Lo, 20L E0OKHIE, W 12025, WFRbHENAMET
BHote Wk, WRSWE, MMM SPQQEREL, HMWIZHT2PQQOEIZER L TV 27%, BIoR#
PSR L LTHEN THREZENEZ 2 Twa Y,

TiE, ¥ IV 3HRIETNLIOTHA I H?

DR LZZEHIE, BAEMLA EARENTVENS T T 7275 —0hI2iE, Ihpb AMAEIELTSICoN
HHWIE, #ETHICON, EEREIEITED0IEFNED Lk, flz2FsL, 3= H 4 24Q (CoQ)
PO WEEOBCWETH D, I IV F) TOETREROTIMBET 2 2 ObEWIE, Fig 7I0RLA LIS
T2 WVT T4 VTV VEEREREREE LTERENR TS, LEL, ¥I=—N¥a) Y (geranylpy-
rophoshate) 2B & T A2 BHKBBIEITI VAT O —VOSBGBEREERLTBY, HHNEET 2 iEsH 5. F
FE, A FEVHIMIEI VAT O — VRELAKT S 28805 Tld, MlBNOIZ 4 2QEIARET S LR
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Prothrombin Prothrombin

( A) precursor (carboxylated) (B)

H

H CH, Structure of
; Reduced Vitamin K- epoxide

Glutamyl y-Carboxyglutamyl N\
residues i
co, residues OH
Glutamate residue
H,0, (C) close to -NH,-terminal y-Carboxyglutamyl
Inhibition group of pre-prothrombin residue
N7 N/
(l:H ¥Glutamylcarboxylase ?H
i
NADPH /~ CH CH
Reductase Co, / \ - 'OOC/ \\COO'
Epoxidase Inhibition H CoO
Reduced NADP i
0, o Site of
Vitamin K 2+
Ca”’ binding

(D) Vitamin K-dependent  Xth Factor*
v--carboxylase ¢ Ca?

Pre-prothrombin ‘bﬁ Prothrombin =3 Thrombin
(PIVKA)
. . Ca®*
Synthesized by Liver l

Fibrinogen ——3 Fibrin
Blood Coagulation

Fig. 6 Physiological function of vitamin K (y-glutamylcarboxylase).
(A) Overall reaction mechanism of vitamin K dependent y-carboxylase, (B)
Structure of reduced vitamin K-epoxide, (C) Synthesis of Cca* binding site by

v-carboxylase close to NHa-terminal group of pre-prothrombin and (D) Reaction
scheme of blood coagulation.

PIVKA: Protein Induces by Vitamin K Absence
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Acetyl-CoA Acetoacetyl-CoA CHZ_Q_OH
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P -G C Farunesyl-Pi-Pi: C 5 . . .
renyl-Group (Cs x n) Fig. 7 Biosynthetic pathway of coenzyme Q.

Farnesyltransferaser o . .
Prenyltransferase \ Ubiquinone coenzyme is synthesized

Squalene: C3 from phenylalanine and “isoprene com-
o ,Sﬂﬁ,ls:fgenm pound” in human. This pathway shares
2 Vltam,,m ‘AI,:> ) with synthetic route of cholesterol. The

CH,-O, CH (?) Cyclization 2,3-Oxidosqualene .
: @ 3 o 'lanosterolcyclase amount of coenzyme Qo synthesized
CH,-0 (CH,CH-C-CH,),H Cholesterol would decrease due to inhibition of HMG-
O Coenzyme Q, ,-1o CoA reductase activity, whenever one
m was prescribed with anti-cholesterol
T drug “statin” in order to control the

p-Hydroxy-Benzoic Acid serum cholesterol level.
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