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Lecture 6. 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




Lecture 6. Carbohydrate

B Carbohydratel| =&

1) EtZFR (Monosaccharide) : G O| 2 7t=23|| | X| &= ot 7§o| &

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

AL
B 4 =

T

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| ¥&F= O|X|= 7t = d&E, Dextrosetl =&
- || E(R-CHO) SEH — L& 2 A(aldose)
A E(R-CO-R) SEH — HE2A (ketose)




Lecture 6. Carbohydrate

B Carbohydratel| =&

1) EHHR (Monosaccharide) : Gl O| & 726l X ¥= o 7

cHO ICHO
HD—%—H H —ELl—GH
H—B(IZ—DH Ho—g‘cl—H
HD—4%—H H—ﬂ'%—DH
HO —C — H H —C — OH
EéHEDH EL’I.HEDH
L-Glucose D-Glucose

- D(dextro-, LEZZ &), L(levo-

- D-fructoseBt ketosed L}HX|= aldoseO|LCt

I

H—(—QH
C=0
HO—(C—H
H—(C—0OH
H—C—0OH
CH,OH
D-Fructose,

a ketohexose

QEZE 2 Lt 'c'>'|-)

II_ﬂE AE
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C—H
H——OH
HO——H
HO——H
H——OH

CH,OH

D-Galactose




Lecture 6. Carbohydrate

B Carbohydratel| =&

2) O] 7/ (Disaccharide) : 7I==05{0l| 2|sHA &= 7| CtHF=E EolE= T
=37t glycosidic linkaged| 2|8 HA= 2Xt

2712 &
- Oligosaccharide : 2~107 T/ & ZEotd U= X2 EtE Ats
Ol F= S2|2F0 ZHECE
- 7t& LEHE Ol Ol R
@ Lactose (HE) = Glucose + Galactose
®@ Sucrose (EH = Glucose + Fructose (H|ZH2lZh
(3 Maltose (MO} = Glucose + Glucose

e 2709 BHEHE ALO[] AT (B EAte| YHIF|E E= H=7|2F CHE 24Xt
|IEZA|7] AO)O| oL &= B EXH0= R 71|% EE= YOS5 =77t
UA =ICt (Maltose, Lactose)

& EH(nonreducing sugar): CHEE 22 AL AFO[2| AgtHtZ 0| &F ZAte|
E7[t AE|7t = CF 28 E= 8% A+ O”:1|3|5 E=AE217 &©
=22 2halg 5= QICt (Sucrose).
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Lecture 6. Carbohydrate

B Carbohydratel| =&

2) 0|22 (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




Lecture 6. Carbohydrate

B Carbohydrate2| &

L- O

3) C'2HF (polysaccharide) : 1171 O|Ato| CHEt=R T} A

1

Moz 7

rot

| A}

>

= At
- Starch, Glycogen, Cellulose, Dextrin, Inulin

@ Starch () : 424 125 2 Amylose®t Amylopectin@ @ 0|2 01 2ict

a-Amylase= | & EFAO M ZH| = A28 A= starch&

7t2 615t maltoseZ A2HA|ZICE
amylose= 100% Zt==&73l, amylopectin2 60% 8= 7t5+&5
@ Glycogen: 5= HEFEM ¢ A 250 MY == HEY

7to] 22|22 GlucoseE &9

® Cellulose : 2& AZ2| X2 HE
@ Inulin : FructoseZ O|F 0%l CiEF




Lecture 6. Carbohydrate

H Carbohydrate2| =
3) CH2H R (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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Lecture 6. Carbohydrate

Salivary Amylase

> Dextrin, Maltose

2/ AHHCHC] *2 pHE
Amylase 2’3 X

d ol il
-~

AO|X| 2 L7tald HEY
Maltase
Lactase

) < Sucrase
Disaccharide--=--=---——----

....................... > Maltose




Lecture 6. Carbohydrate

B Glucose metabolism

/GIYCogenesis\ /Lipogenesis\

Glycogen Glucose Lipid
2t 2% S| «— ketone body = &
Glycogenolysis ketogenesis

Gluconeogenesis

* Glycogenesis : L= (Glucose) O| Glycogen 22 edEk[&= A.

* Lipogenesis : X2t (Glucose) O] Lipid 2 &&= A.
POg P
* Gluconeogenesis : Et=2l=20] Ot amino acid2 £ H ZE TS SO0t

* Ketogenesis : X[& 4 (fatty acid)O| ketone 2= &&= A




Lecture 6. Carbohydrate

B 23 Glucosel| =H

I ( Fasting Blood Sugar Level ) : 80 - 120 mg/dl

oz I =
= O

- 2E A

: 160 - 180 mg/d|

ol

= OoF}
oy RO

Kl 1o
10 ol
ol

* ol HA ESEA M (Langerhans islet) B-M 2 A= — =2l (insulin) 24| —

0
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* SEMOAZEH 004 Z2l(Epinephrine)2| £H|7} =

' E2 (Growth

MK
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* FEIL (Glucagon), StE A E2E|ZO0|E (Glucocorticoid),

off 7194

hormone)




Lecture 6. Carbohydrate

B 23 Glucosel| =H
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Lecture 6. Carbohydrate

B 23 Glucosel| =H
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Lecture 6. Carbohydrate

B Glucosel| &4 o|o

- 1Y FT (hyperglycemia): S=A|2| & & glucose 40| 160mg/dL Of &
- 23S (hypoglycemia): S=A|2| glucose 2£0| 60mg/dL O|St

Glucose — MAFM[OA At — He|l METZ}F A S4(M =2
A= Glucose 7t 160 ~ 180mg/dL HL| e YR =1 - @F U4 (Y7t LIEFED.

D8 (160mg/de O] 4h e (60mg/de 0|5}

1 =gl €F (Hyperinsulinism)
2k

=tz ¥ (Diabetes) 2t (Hepatoma)
{22 (Hepatic Disease) 7t 3} (Hepatic Disease)

Addison's Disease




Lecture 6. Carbohydrate

H = x'H (Diabetes Mellitus)

1) ¢l=gle|EE ¥ (Insulin-Dependent Diabetes Mellitus, IDDM, Type I)
- Ol A0jdeE B FHE EA=EctAd p-M=EZF o] I &).
- APZTHG A (AL QlaEl WA B-M 2 F D))o 2 Ofg HrEXo = QlzElS
A=A SEALE FH[ O FRAIZ7[= 280 2+
2) Ql=ElH|o|EY Yz H(Noninsulin-Dependent Diabetes Mellitus, NIDDM, Type?2)
-85 uE o= FOlo|M 2, B-MZEN A Q| Q= H40| =2|AHLE BF
- =8l Mgg(Fo|tl dE Q= s20| Cis X2 9| HE Ha)e| £
(@)

z
)
)
<
ot
Ral
10
1=
O
2
N

" s X=m 7ts, MotE2 IDDM2 2 Tl

(] | =

25118 & 'H(Gestational Diabetes Mellitus, GDM)
F S 2201 EfEHY 2HE H(placental lactogen, hPL) 2H|Z 7}
2 22 M| (postreceptor) £ & X

_CID_
X 1§ S NIDDMCeZ 2

- Y& GDM £t
4) SLYHEH T H(nutrient deficiency diabetes mellitus, NDDM)




Lecture 6. Carbohydrate

| S8l

S5 & CH(fasting blood glucose)2| 7|=H
A mg/dL mmol/L
248 A gy 70-105 3.9-5.8
M 65-95 3.6-5.3
2124 Of 30-60 1.7-3.3
L[ 4= (CSF) 40-70 2.2-3.9
A <30 <1.7
- 2FILA0 sk 80 [MIE X0|= EO[X| el AAre| e 2|0
AY UAHQ 25 AEHA 50 o8l =7}
-CSFO| =R ARA 8k 28 559 97 60% Bk, & B8 s&2 20
H| W SO ™ ZHX|7F =L}




Lecture 6. Carbohydrate

m s 538
1) 22 &S 0|85t= L
- ©0] 7HX| L e 2R HZ 0|85t 2| (Alkaline Cupric Reaction)Lt
& (Alkaline Ferric Reaction)2 O|23t= 0tHOf| AL E diHH
- S0 FESH=E H| Y M2 AT E 823810 glucosedf CHet £0[A40| QiCt

(@)
*Q A OtA R 2 = Ahascorbic acid), 25 EHE|2(glutathione)

| was
rH
=2
rir
x4
I
ot
>
IF
fujo
o
ol
o
Il

@ Folin - wu &

- X EtEl - Na,WO, + H,SO, — Na,SO, + H,WO,

- Cu?* + glucose heat Cu* + Phosphomolybdate --> Blue molybdenum(600nm)
@ Somogyi - Nelson ¥ (ZI& Hak

- | CHel - ZnSO, + Ba(OH), — Zn(OH), + BasSO,

- Cu?* + glucose heat, Cu* + Aresenomolybdate ---> Blue molybdenum(600nm)
® Fe 0|2 (Hagedorn-Jensen &)

- Glucose + Fe*3 — Fe*2 // Excess Fe*3 + 2 — Fe*2 + |, // |, + Starch — Blue




Lecture 6. Carbohydrate

- glucoseE =4 EXWSIOIA ZFESHH 5-hydroxymethyl-2-furfural& &85t

s
O|Z O}RIZ|E 7+%l WakE O-toluidinelt F2HAIZ Glycosulamine &g A|ZICE
- Green (700nm)0|M &H
OH ] HOw. o r—OH OH ) 0 CH,
Isomerization Dehydration NH,
AL ~r
OH OH
Glucose Fructose HMF
CH, CH, H
A=C=0 @—HH; — > @rm—f{; — =4
H— C—0OH H-C— OH
SEzT —EF o A| =7 ([ Schiff base)




Lecture 6. Carbohydrate

(Enzyme Method)
ot ZE7t 2

@® GOD-POD # : dd= H,0,& POD &

- B-D-Glucose + O, + H,0O
H,O, + 4-AAP + Phenol
* GOD : Glucose Oxidase
* POD : Peroxidase

* 4-AAP : 4-aminoantipyrine
H(34%)S PE(66%)2 2 T

o

Q

™= (oxygen electrode)2

,O,E catalaseZ Of|E

A
S

o

0= >

— 1
El H

L—

ot &

off Alef= AIEoHX| LB 2 X 7ty EO| 0| &

0| 85H0] MAYS A3} bt
-GOD____ p-Glucuronic acid + H,O,

_POD___, Quinone (Red, 500nm) + H,O

Mzt o7 ol ZES HAEZ S A (glucomutarotase)
2 2H|E 025 53, 44 H,0,& =22 573
chEd BhE, ddE O EZHSIE =58 B




Lecture 6. Carbohydrate

3) 228 (Enzyme Method)
- S0| 2t HET S0t Fofl A|LZ AESHA| B = AN 71 BO| 0| &

@ Hexokinase & : ZEEZ ATP ZXSI0| A HK O 2|3l Glucose - 6 - Phosphate=
got= &, 71 d=s5tot
- HK, G-6-PD Method
Glucose + ATP -——-HK ___5 Glucose-6 -Phosphate + ADP

G-6-Phosphate + NADP _G:6PD 6-Phosphogluconic acid + NADPH (340nm)
- HK, PK, LDH Method

Glucose + ATP HE, ADP + PEP (Phosphoenolpyruvate) ---=-- > Pyruvate
Pyruvate + NADH + H* ————L—I—)—H——— Lactate + NAD (340 nmO|A] S& = 42)
® Glucose dehydrogenase( GDH ) Method
GDH

B-D-glucose + NAD *+ ---—=--—--- > D-glucuronolactone + NADH (340nm)




Lecture 6. Carbohydrate

B E=ET BSIA A (Glucose Tolurance Test, GTT)

- Muiel EE MASE O|8SIY =TS E7 E= 305z £
A|7H:IH:|- & EMx|E ZAFSIC

St dE2 302, KE2 AL AR =F
- 82 FJtl FBS<100 mg/dL DE RE,F =3
60 minutes<160 mg/dL
90 minutes<140 mg/dL
120 minutes<120 mg/dL
@ QYL 235 (Intravenous GTT)
-85 S8 = Thd FEEe Tt oz g 2E
- 02 30~402F K= SO0H2L} (10, 20, 30, 60, 90, 120)
® AF 2A|ZHK|(Two Hour Postprandial Glucose, PP2)
- OFF AITHOf| MRESHO] Glucose &= FF 7|55t AT 24|17 = {5t
Glucose &

=C =X 7|28 £ Glucose sEE H|I1




Lecture 6. Carbohydrate

B E=CT 825IA|A (Glucose Tolurance Test, GTT)




Lecture 6. Carbohydrate

B Hemoglobin A1C (Glycosylated Hb)
- AbEhe| M HemoglobinO| EXH [HbA(90%), HbA,(7%), HbA,(2%), HbF(0.5%)]
- HbA12 CtA| HbA1a, HbA1b, HbA1c(80%)2 2 Lt Cf
- HbAlce= ZF BAFE S| N-ZHEHO| 2 El(valine)O| glucoselt 250 = ot
Schiff &7|2l Aldimine(pre-A1c)& &4t amadori(At2|F4) 230 2|al eHEst
Ketoamine®! HbA1c7}t ZIC}
- HbAT(HbAT()2| &2 =22l & e U 6F(4~8F) T2 2%
Lol 4

glucose HAX|E "HHHsH O|= 1A 7| ™0l glucose w= Ik 7[&

BA—NH+H—C=0 __ H—C=N—pA O Na—pA
H—C—OH  H—C—OH olalze| epxl  C=0
R -2 e H 2ot
ofo| 7] (Sehiff base)
= LE

HbA — - pre-Aig > 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




Lecture 6. Carbohydrate

B Hemoglobin A1C (Glycosylated Hb)
- MAK|Hb Ac < 7.0%
- Hb A,c Y H
* 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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B ST (Fructosamine)
- d359| Glucose= CHHAES HEAMO 2 HStA|F M7 Schiff Base (Aldimine)=
HEf E A7 Glycosylated ProteinO| =IC}

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

- Fructosamine2 @ 7% THEHO[ ketoamined Yot CHEMO| EXOE = HE2
g2 H F3E0l I3t Y (Glycoalbumin)
- RO AT v Y|= 2F 17¢€ 07| Wi=Eof =2 2~3FT EIK|F SHFetrt
- JYK 5 €RU T e R U HE 11~16%
H,C-NH-Et & HC-NH- £t &
l|:=D C-OH
H:Jtlzﬂ HEI{I]H
HCOH TEa| A : Hll:'-ﬂH +NBT — EE2D}5
HCOH HCOH
'|EHtCI'H lGH;CIH
25"||E¢'PE'._| o Hjabo| &=




Lecture 6. Carbohydrate

,5 Otslo0|E2 3 2 Al & (1,5-anhydroglucitol, 1,5-AG)
- T EHF AR & 9| 1-deoxyglucoseS 7HE Z2| & (Polyol)

- SM0AM FefiotH CHARS AKXIX| 80 AM| 2 O{ote[0] B2 2|0 2@ M| 2t
Ol A XS4 =k
- YO PRI HROIY /Y S Al ZEF0 ot A5+ EERACE aBez

HO— HO—
o O
OH OH )
HO | OH HO |
OH OH

GLUCOSE l 1,5-ANHYDROGLUCITOL
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