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Lecture 6. Carbohydrate

Bl Carbohydrate
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Lecture 6. Carbohydrate

Bl Functional groups

A&7 O] S(group, -7|) TN 2| LEA D OfF
—0OH hydroxyl | S|ESA| R—0H alcohol
-0 - ether Ol 2 R=0-=R ether
—CHO aldehyde | 25| e 7 [ aldehyde
== carbonyl | 7Zl12Hd | R—-CO-—R ketone
—COOH | carboxyl | 712824 | R—-COOH carboxylic acid
—CO0— ester A= | R—COO—R ester
— NH, amino ofO| R —NH, amine
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B Carbohydratel| =&

1) Etet® (Monosaccharide) : G O| & 7h838) | X| &= o 749 &

- Triose, Tetrose, Pentose, Hexose(Glucose , Galactose , Fructose).....

AL =

Triose 3 Glyceraldehyde, Dihydroxyacetone
Tetrose 4 Erythrose, Threose, Erythrulose
Pentose 5 Ribose, Arabiose, Xylose, Ribulose
Hexose 6 Glucose, Mannose, Galactose, Fructose

- Glucose?t €Y (Blood sugar)0f| &= O|X|= 7IE ==l d&, Dextroset} 2 &
g

- 2 H|IS| E(R-CHO) X — L =2 A(aldose)
HAE(R-CO-R) SEX — HE LA (ketose)
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B Carbohydratel| =&

1) EteE (Monosaccharide) : G O| At 74838 | X| %= o 7

'cHO
HD—% —H
H —3c| — OH
HG—“% —H
HO—C — H
EéHon
L-Glucose

- D(dextro-, RLEZ S

- D-fructoseBt ketose

ICHO
H —E(IZ—DH
HO _3Ll_ =
H—ﬂ'(%—DH
H —C — OH
El.l.HEOH
D-Glucose

), L(levo-, ¥1&F S

LIHX| = aldoseO|Ct

1
H—C—OIH
C=0
HO—C—H
H—C—OH
H—(C—OH
CH,OH

D-Fructose.
a ketohexose
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B Carbohydratel| =&

2) O|'F 7 (Disaccharide) : 7I==0{0l| 2[5HA &= 7iQ| EtHF=E EolE= T

C
2709 THeF2 T} glycosidic linkageOl ol 2 =l 2 X}

il

- Oligosaccharide : 2~107 EHE®FE Zgotd U= A2 Eeolam AMs

O /= =220 ==zt

2l O]/

- 718 dekA ol
@ Lactose (HE) = Glucose + Galactose
@ Sucrose (AEH = Glucose + Fructose (H|ZH&Sh

3 Maltose (B0} = Glucose + Glucose

- BHRIEh 270 9| THErR ALO[o] Agt (B At YHIS|E E= HET|Q CHE 24t
O| B|EZA|7| AHO)O| OLIH & HAY ZXH0|= =2 5’1I_ = 2O =7]7t
LHOFQUA| =Lt (Maltose, Lactose)

- H|2F S (nonreducing sugar): THE& 22 XF ALO|Q] ZAotElS 0| ¥F EXte
QLS| E7|Q A=7|7t & Cf 22k = 4%, Ate EOUlolE E= A=E7|7F &
50|22 2l 5= QILt (Sucrose).
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B Carbohydratel| =&

2) 0|2t R (Disaccharide)

CH,OH CH,OH
) O H
Ho /| o’ >|
104
OH H BH OH H ¥ oH
H
H OH H OH
Maltose Lactose
(x-D-Glucopyranosyl-(1— 4)-a-D-glucopyranose (B-p-Galactopyranosyl-(1— 4)- a.-D-glucopyranose
CH,OH
‘ HOH,C
H O H O_ H
H a1 2
H HO
OH H
HO 0 CH,0H
H OH OH H

Sucrose
(at-D-Glucopyranosyl-(1— 2)-B-p-fructofuranose
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B Carbohydratel| =&

3) CtH R (polysaccharide) : 117l O|&Q| CHEH =R I AKX O = 7

=

1L
ot

FE] A}

—

>

=,
- Starch, Glycogen, Cellulose, Dextrin, Inulin
@ Starch (52 : A =4 CHEE 2 Amylose2t Amylopectin@ 2 0| 2 0{ X UL}
a-Amylase= F| &1 EFAOM EH| &= A8t2 A= starchE
7t 25150 maltose 2 2 3FA|ZICH
amylose= 100% Zt=23dl, amylopectin2 60% " & 7t+2df
@ Glycogen : 5= OHER2AM 2t & 2500 HE &= SE|
7

o] 2 2|3 HE GlucoseZ £56

® Cellulose : 2= A= X d&E
@ Inulin : FructoseZ O|F 0%l CtE/
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H Carbohydrate2| =
3) CH2F (polysaccharide) : Starch

Randy Moore, Dennis CIEH: and Darrall 'n.l'nu:ﬁnpdnn Botany Visual Resource Library © 18388 The MeGraw-Hill Cumpnnms ime. ARl rights reserved.
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Carbohydrate 23} S
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W Carbohydrate 23} S

Salivary Amylase .
Starch ----------icoeooiommaes > Dextrin, Maltose

ZHEug B tete
Zto = 2t
IAHHC)H] 2 pHE
2491 Amylase & 2”‘" °*X1|
R
- Pancreatic amylase
Al xk Oli saccharldde-fw—*::-ﬁ----y- ----- > Maltose
P I P

Lactase

Disaccharide--------------- > Monosaccharide
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B Glucose metabolism

/Glycogenesis\ /Lipogenesis\

Glycogen Glucose Lipid
it 25 ML «<— ketone body x &
Glycogenolysis ketogenesis

Gluconeogenesis
* Glycogenesis : 2= (Glucose) O] Glycogen 22 2t k|= A.
* Glycogenolysis : GlycogenO| Z=2 (Glucose) L2 23l k|= A.
* Lipogenesis : L =% (Glucose) O] Lipid 2 &M &&= A.
* Gluconeogenesis : Et=2t=0| OtLl amino acidE2 £ H EZESAMM S S=oH0}

* Ketogenesis : X| &4t (fatty acid)O| ketone 22 2hd &&= A
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B &= Glucose?| =&

=F ( Fasting Blood Sugar Level ) : 80 - 120 mg/d|

B2 Al "E
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B &= Glucose?| =&
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Lecture 6. Carbohydrate

B &= Glucose?| =&
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Lecture 6. Carbohydrate

H Glucose?| &MX 9o|9|

Ct

- DAY S (hyperglycemia): S A|2] & & glucose 2£0] 160mg/dL Of&f

met ok
o4 O

Ct
o

|
Rl

(
(hypoglycemia): S=A|2| glucose %40| 60mg/dL O|S}
- Glucose — MAFTMOAM AL} — AHO| MBI} I Z (M =2

- A= Glucose 7F 160 ~ 180mg/dL EHE| el MYX =1 - @F U4 (Y7t LIEFED.

D8t (160mg/de O] 4h X&' (60mg/de O|3})
1 =gl @ZF (Hyperinsulinism)
S F (Diabetes) 7t (Hepatoma)
7t 3t (Hepatic Disease) 7t 23} (Hepatic Disease)
Addison's Disease




Lecture 6. Carbohydrate

H 'l (Diabetes Mellitus)

1) & 2Io|Ed Y x ¥ (Insulin-Dependent Diabetes Mellitus, IDDM, Type I)
- Ol=Elo] EOdeE B FE A EsrAd B-M=7}F ohy| [iE).
- APTtEHG A (AL =gl Ao R-MEE Tt))eE O HEXHo = Qlatls
A=A SEALE F[EHO =/AI7|[= 280 E+X
2) Pl&2IH|9|Ed Tz ¥ (Noninsulin-Dependent Diabetes Mellitus, NIDDM, Type?2)
-85 P Ho = FOloA T, B-MZENH MLl Clagl WAO| =2| ALt
- Q=g MEEEFot &% el s=0f O ZE2XZ | BtE Aol §F
- NIDDM 2tXt2| ©F 90% Hr== X2 75, tietd % IDDM2 2 T
3) AN Gt B (Gestational Diabetes Mellitus, GDM)
- A B FHE S 2EZQI EfEEM = E A (placental lactogen, hPL) &H|Z 7t
— Y& O1&2I9| =8 H|(postreceptor) £2 & K|
- €% GDM 2= R @ 2 NIDDML 2 27
4) BLAHEH T H(nutrient deficiency diabetes mellitus, NDDM)
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H 'l (Diabetes Mellitus)
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B =LY 25IAE (Glucose Tolurance Test, GTT)

- HiLhel EHE MAHSZ 0|8t X2 4+ £
A|ZtOtCE HE K|S G AFRHLE
@ d7 5} (Standard Oral GTT)
CEEES AR EYUSI0| 247 SOt HE
- M AHK| : FBS<100 mg/dL 2 QF 24
60 minutes<160 mg/dL
90 minutes<140 mg/dL

120 minutes<120 mg/dL

@ WML} 2SI (Intravenous GTT)

-85 S L= U T TEY o=EEo &

- 3822 30~402F LK Z SOt2L} (10, 20, 30, 60, 90, 120:%)
® A= 2A[ZFHK[(Two Hour Postprandial Glucose, PP2)

e
o>t
ika

HMOf| R4S Glucose 5= T 7| ESHD A2 2417 2

/b = ESHY
Glucose 5= &5 7|&E5t11 & Glucose =& H|W
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(Glucose Tolurance Test, GTT)
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B =% B5tA ™ (Glucose Tolurance Test, GTT)

Blood Glucose and Insulin During a 75 g Oral Glucose Tolerance Test

- 15 —El 200
9 Type 2 Diabetes = Impaired
£ 12 P 2 160
£ 5
-
© ° £ 120 Type 2 Diabetes
2 Impaired = °
g 6 ?» 80
— -
=2 Normal — Normal
T 3 8 40
(@]
% 0 E 0 © Built for Motion 2014

-

30 B0 90 120 0 B0 120
Time after meal in minutes Time after meal in minutes
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F(fasting blood glucose)2| 7|
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mEd 58
1) 22| gA=HS 0| 85t= Y™
- B0l 7HX[2 = =R HZ 0|25t 2| (Alkaline Cupric Reaction)Lt
A (Alkaline Ferric Reaction)2 O|235= A0 AFE3UE B
- @30 &0t HZEd=21

I 9SS glucosedf| Ctot 50[|4g0] BICt
*Q A OfAF 2 H M(ascorbic acid), 2 FEFE[2(glutathione)

b
rH
=2
rr
2
I
o
>
IE
fujo
il
ol
Ot
O

@ Folin - wu &

- N|tHe - Na,WO, + H,SO, — Na,SO, + H,WO,

- Cu?* + glucose heat | Cu* + Phosphomolybdate --> Blue molybdenum(600nm)
@ Somogyi - Nelson & (X1 &k

- M| CHE - ZnSO, + Ba(OH), — Zn(OH), + BaSO,
Cu2* heat
- Cu?* + glucose ------

> Cu* + Aresenomolybdate ---> Blue molybdenum(600nm)
® Fe O| 8% (Hagedorn-Jensen )

- Glucose + Fe*3 — Fe*? // Excess Fe*3 + 2I- — Fe*® + |, // |, + Starch — Blue
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2) e
- glucoseE =42 EXNSIO|M ZFESHH 5-hydroxymethyl-2-furfural & @85t
O|Z Otol7|& 7%l ’gk=E O-toluidinedt =8hA| 7 Glycosulamine AMA|ZIC}
- Green (700nm)0f| Al &7
OH HO— o ~OH OH 5 o CH,
O Isomerization Dehydration NH,
OHOH OH
Glucose Fructose HMF
CH, CH, H
H-C=0 @—HH;—:‘: —> @rm -::: —> =y
H=C=0H H- c OH
EE EY-8 —EToc A= E7 | Sehiff base)
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o =
EEEE

3) 4% (Enzyme Method)
- SO0|=QF A7t @0t 7ol A[fS AFESHA| 2B =E Xl 7td B0l 0|8

Lo —

@® GOD-POD & : dd%E H,0,= POD & 0|85t Had= izt HIASH= &8

- B-D-Glucose + O, + H,0O ----- GOD____. p-Glucuronic acid + H,O,
- H,O, + 4-AAP + Phenol ------ POD___ Quinone (Red, 500nm) + H,O
* GOD : Glucose Oxidase
* POD : Peroxidase
* 4-AAP : 4-aminoantipyrine
- a3 4%)E BE (6% LE Tt 5t7| flsl ZEET HEd 22 (glucomutarotase)
A =} MMEl H,0,2 208 =X

- @55._' H,0,E catalaseZ OfEt=1t EhS, d-J& OLMERHOIE 58 & E
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o =
EEEE

3) 4% (Enzyme Method)

- SO|=2t HE7) 2ot woll AfS AAESHA| H2EE Sl 7t8 Ol 0|&

@ Hexokinase B : =TS ATP EXi5t0 A HK Of 2|3l Glucose - 6 - Phosphate=

et 580t H, 7t E=oICt

G-6-Phosphate + NADP --=—=-=--=-- > 6-Phosphogluconic acid + NADPH (340nm)
- HK, PK, LDH Method
Glucose + ATP ------- > ADP + PEP (Phosphoenolpyruvate) PK__, Pyruvate
Pyruvate + NADH + H* -2 [actate + NAD (340 nmOj A SZE Zt4)
® Glucose dehydrogenase( GDH ) Method

B-D-glucose + NAD * ----==----- > D-glucuronolactone + NADH (340nm)
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B Hemoglobin A1C (Glycosylated Hb)

- AF2ES] ME T Hemoglobin0l ZX [HbAG0%), HbA,(7%), HbA,(2%), HbF(0.5%)]
- HbA12 CtA| HbA1a, HbA1b, HbA1c©S 2 LIEIC}
- HbAlce= ZF BAFE Sl N-ZEHY| 2l (valine)O| glucose®t &85+

=g =ty st
Schiff @7| 2! Aldimine(pre-A1c)E &35t amadori(At2|F Z) BHS0f 2|5 2t
Ketoamine@! HbA1c7} =L,

- HbA1(HbA1)2| &

e %ﬂ’“%—?@l 5 5

Ol oF 64 ~8F) Mo &H
glucose #X| &

r-'.I-
_Q_P
LT
©
rir
=
\d
1o
bal
N
>

M0l glucose 2= E715t= 7|&
BA — NH,+ H—C=0

1"‘TH,— NH— BA
] p— | -
H—C—OH H—C—OH Oltzal| ®EjE =0
R -2 e H 2ot
ofa| 3| [Schiff base)
= LE
HbA - —*  pre-As.

* Hb Ase
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B Hemoglobin A1C (Glycosylated Hb)

Sybvin S, Mader, Inquiryinto Life, Bth edition, Copyight & 1997 The MoeGraw Hill Companies, Ine, All ights resared,

Hemoglobin Molecule

heme
group

o chain @ o 8 chain

red blood cell

B chain A X a chain

helical shape of the
polypeptide molecule

Hemoglobin Alc

Hemoglobin Alc

Glucose

\\ Hemoglobin
rmabecibe
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B Hemoglobin A1C (Glycosylated Hb)
- MMX| : Hb Ajc < 7.0%
“Hb Ac EHH

* lon-exchange chromatography
* lon exchange-HPLC

* Electrophoresis

Hb A; Hb A Hb F Hb As
3%,
allb ¢
(0095)
7% 00% 0.5% 226

* Affinity chromatography

* Immunoassay
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CHSICHE (Fructosamine)

L

- 2359| Glucose= HHHMES HEAMO =2 TStA|H M7 Schiff Base (Aldimine)=

X 2 Al7 Glycosylated ProteinO| =ICt

* Glucose + Protein — Aldimine — Ketoamine (Glycosylated Protein=

- Fructosamine2 &%t CHEHO| ketoamined T} CitEHEO| EX o= F

rl

Fructosamine)

ME o

o o
&2 Hot=02 Fat LF B (Glycoalbumin)
- YHOIO| ®F UYL o 172 07 H2of 22 2-3FH UK S Wit
- ddK 5 ERU T 3 YR HE 11~16%
H,C-NH-2tel & HC-NH- & &
ll.:=D !‘:—GH
H:Jtlzﬂ HEI{I]H
H{:IDH TEa| A Hll:'-ﬂH +NBT — EE2D}5
HCOH HCOH
LHtDH !:HECIH
jliﬂrﬂ,_l o W abo| =
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GLUCOSE l 1,5-ANHYDROGLUCITOL
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