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Fig. The three stages of catabolism
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1. &8t E A}
Glucose — pyruvate (EMPEZ, HVWP BZ, ED B=)
1) 39 #lA=
@ Embden-Meyerhof-Parnas pathways(EMP Z=)
- MHIMOI U2 : Glucose — 2 pyruvate + 2ATP + 2NADH
- 2ATP(71 A= 21413}), 2NADH (AF314 ¢laksl) ATPAA
- X%t oIX|& 2

Dihydroxyacetone phosphate(DHAP) — glycerol-3-phosphate (*] "

- Pyruvate — alanine §4 (o}n] =4k HA4)
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Fig. The glycolytic pathway for the breakdown of glucose to pyruvate
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@ Pentose Phosphate pathways = hexose monophosphate pathway(HMP)
bEIE EZE = gEY 120MAZ
-0l 22= $IIA = dIXMoZ XNSoHH MSMNIENT S0IC
- AA A<l ¥g 3 (dlucose-6-phosphate) + NADP —
2 fructose-6-® + glyceraldehyde-3-® + 3C0, + 6 NADPH:
O HMPE=ZO| %g
- Ribose : nucleotide *4&A0)l AL
- NADPH : X|2&h steroidQ] M0l A2, EXI10 ES AT Mt
- Erythrose-4-phosphate(57HAHE) : WokE ({0 A10] MBHM0 012
- SUSE2 ATP SANx 01
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Fig. The conversion of three glucose 6-phosphate molecules to two

fructose 6-phosphates and a glyceraldehyde 3-phosphate is traced



® Entner-Doudoroff ZZ(ED HZ)

- KDPG(2-keto-3-deoxy-6-phosphogluconate) 7 = &} 1. &=

ks
- EDA R St{-(a2d3A 1) @ Pseudomonas, Zymomonas, Azotobacterium
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l
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Fig. The Entener—Doudroff pathway.
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Fig. The cycle may be divided into three stages based on
the size of its intermediates.

@ Glyoxylate cycle

Glyoxylate cycle : Acetate(acetyl-CoAIE EHAYHCZE Al

* Succinate, malate, oxaloacetate : MFAMIZE AI2CE 11Z&

« HEHIZ(YE J|EE AI2) : (PEP, PVA — 0AA) oxaloacetate ©3
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+ succinate
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* S = (@glyoxylate)
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PEP, PVA — Glucose
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O Glyoxylate cycle produces four-carbon compound from acetate
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Fig. Reoxidation of NADH during fermentation



O LIB1E QIAKS} HEZ({oxidative phosphorylation) :

- AAAGAE S ATP7F AAHE w8

- NADH — #zdeA : 25 ATP

- FADH, —> HAHdEA : 15 ATP

- Glucose ot EXIJI 2AH0| AT 32 ATP MA
 AAAGA A AHHE — AEZe] =4

XM E — mitochondria #ell <A

» MIIMENH AAYE -

- Flavoprotein, Iron-sulphur protein, Ubiquinone, cytochrome
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3) ¥ &(fermentation)
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® %ﬂ%%‘ﬁ[alcoholic fermentation) : M&X0l ¥y
(Neuberg ZASLE Ml 18A)
- Pyruvate —— acetaldehyde ——— > ethanol
[pyruvate decarboxylasel alcohol dehydrogenase
O C. Neuberg : [Neuberg ZJASES Ml 24 :

. Glucose + hydrogen sulfite — GIYcerol + acetaldehyde-sulfite + CO-
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- [Neuberg 2TS2T Xl 3¥A) :

g uf Ao &Ze A (NaHCOs, NaoHPOs) =2 7}

2 Glucose + HOO —> ethanol + acetate + 2 glycerol + 2CO»

—~ Neuberg ZISEE Ml 2¥AlNl 3HANAM acetaldehydelt NADH +=2HMIZ
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@ MAMUS(lactate fermentation)

* Lactate dehydrogenase®l] 2]3}o] zito] AA =™ NADH= NAD+Z 2ts}Ech
O SPY MAHUS (Homo lactic acid fermentation) : S AHOF MM

B S By

- Glucose — — — — pyruvate — lactic acid

- sk Eaga0 AMS01d HMAMO0Id sz Allactate racemase)
Aol whet D, L-3 #Ake] AAEm e E3tE gAke] A€

- WEARES i gt wikE ol whet kel 2A) ok Fo] Add

O UHIZY AA2S(hetero lactic acid fermentation) : A Q] SAIS MAM

- EMP A =o] #ost= &4 Z9] : aldolase, triose phosphate isomerase

- Glucose &3l : HMP 2% o] &
ex) Leuconostoc mensenteroides(A %) 1 A2 452 CO,

<, =

ex) Lactobacillus brevis(’373d &) : A4}, oM EAE mannitol, CO;

RESPIRATION

FERMENTATION

transport
chain and
chemiosmosis

Copyright € 2044 Pearson Education, Ine., puifishing a= Berfamin Cummings,

Fig. An overview of respiration and fermentation



O Bifidobacterium &
- Bifidobacterium : ©]9o]9] FuelA -, HAYI| M
- 2 Glucose —— 2 Lactic acid + 3 acetic acid
- Aldolase ¥ glucose-6 phoshatase ZH
- EMPL} HMP B2 E Z R0 &1 X3S F0ol
= B A2 superoxide dismutase ¥, catalase 2 ¥, peroxidase 3$Hf

[Types of fermentation]

) 2 Ht

{a) Lactic acid
fermentation

{b) Alcohol fermentation
Caopyright & 2004 Pearson Education, ., pubiishing as Benjamin Summings,

@ JHOI& &2 = mixed acid fermentation
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- At e 2R E COx¢t He= o kg

— Acetyl-CoA<] 2o 2]3t ethanol A/ WE-S-

- Pyruvateol A acetoin® 2, 3-butanediol Al W$-o] Zof



= Ot AZHMIM 290 X HeE MZez 53 FEQY9
XIEOI S o1t}

= Aol &ake WA=+ pyruvate decarboxylase 2401 Z2H
o] acetaldehydeZ o] 2etAbul$-o] dojyyx L=

O Enterobacter aerogenes® LaEM
- A7 zAsA F LA ES acetoindt 2, 3-butanediol@ =

PyruvateZ 55 A @t}

|

@ SEIZ4At (Butyrate) 22
- Clostridium : Z@SA, AL 7T o2 FHo} F7]2A 4385 E W
_]

ex) C. butyricum, C. acetobutvlicum : °}A| =01} HEerL 4A

©O Some common microbial fermentations

® coz o
NADH DH
Lactate Pyruvate Acetaldehyde —-————P Ethanol
co, Pyruvate
CoASH
Oxaloacetate —Acetolactate
NADH Acetyl- CoA Fcrmate CO.
NADH
v COA H. CO,.
Malate Acetyl-(P) Acetaldehyde Acetoin
ADP NADH
H, 0= ATP NADH
| 4 Acetate Ethanol
Fumarate 1 © 2,3-Butanediol

Acetoacetyl-CoA

NADH
L £ CO:;

Succinate Acetone Butyryl-CoA P
NADH .
e NADH #-p Coh F CoA
2 ! Butyraldehyde Butyryl-@

: NADH ADP
Propionate Isopropanol ATP

Butanol Butyrate

1. Lactic acid bacteria (Streptococcus, Lactobacillus), Bacillus
2. Yeast, Zymomonas

3. Propionic acid bacteria (Propionibacterium)

4. Enterobacter, Serratia, Bacillus

5. Enteric bacteria (Escherichia, Enterobacter, Salmonella, Proteus)

6. Clostridium
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2. XI'S&t THAL
* Lipild ——» glycerol + Fatty acid
1) XAk &3
« Fatty acid — @ -oxidation — Acetyl-CoA A — citrate cycle

« Glycerol — glycerol kinase — glycerol phosphate — GlycolysiS(OHEt2)
O XIg+AHFatty acidle] Ao}

- X&M0| Y3} A gate] acetyl-CoAst Zgtate] &4 5wt
- p-oxidation : 294 9] gFAavhE(ZE A NAD, FAD), 19419 4315k
- Acetyl-CoA ¥4 :

i) TCA cycledl ¢Jste] 4tst — E

i1) Glyoxylate cycle — glucose

°
o

/ Lipase

A oy e |

Beta oxidation

Copyright @ 2004 Pearson Educstion, Inc., puifishing as Benjamin Summings.

Fig. Lipid Catabolism
O QIX|=9| A3} (Phospholipidle] A3}

- Diacylglycerol +¢14F + ethanolamine, choline, serine, inositol®] esterZ gt

2) X|&ato] gt

O "IAEANAY AA :
- dFA} MxEe] 8 RS FE A Ao R s HAle] wrk
- 7t E X3 A WA H sreroidFE §lth
~- 7} cyclopropane $-2 713 X H}bo] WA



O AL &A -
- Acetyl-CoA, malonyl-CoA, NADPH.
- ACP : acyl carrier protein
- 7FA] @9 xukake] A A isobutyryl-CoA, isovaleryl-CoA
- 7HA g9 AR XS AR A E ] FAdE
3) A AR Ao &4
- Dihydroxyacetone phosphate — glycerol-3-phosphate + Fatty acyl-CoA

[Phosphatidic acid |

Triacylglvcerol‘/ PhosBholipid
- Phospholipid®] 715 : MIE%O P Y&
- Phospholipid® =% : Phosphatidylethanolamine, Phosphatidylcholine
Phosphatidylserine &

. | Simple
, lipids

Copyright & 20604 Paarson Education, I, pubfishing as Benjamin Summings.

Fig. The biosynthesis of simple lipids

4) o] A X o] =(isoprenoid) ¥} 2 H Zo|=(steroid)e TFA
- o axy o= OABHICD)S TR F= THAES LI
- oAz ol=e ~HES A2 mevalonic acidel A A=t

- squalene @ A7) 30¢] o] AT o= (A oA A

- 3RE 3718 ZAA steroldA, 71 & A A (squaleneFA)
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3. SME WAl

- Protein ———» polypeptide, oligopeptide, amino acid
extracellular enzyme
a-keto acid — ol YA L (&S =-E)

— liver — urea — &% ujA

protease

- Amino acid
NH,

1) OHOI-&to| Z0H

« O AR, WA R P ol
H

- 1

« OHdl%=J1 Ol

=AH209F) S HA

M
- E0I0H=EF=2(amino acid dehydrogenase), transamination(Otdl=)] H0|HI)

Stz g=te gt

0 acid dehydrogenase)

ami
, ASHERIEISO EHAZoZ HEN g4

Glutamate — a-ketoglutarate + NHs

S0HIHS

=1,

- EXoI
- IR

Glutamate dehydrogenase

. Aspartate — fumarate + NHj

. Urea — 2NHj3 + CO»
Hrdstel AE FEUeld Ao o] f

o e 50 Alitol

=)
o

2xE
st o e 84 Tk

@ OHOI%=7] M0] H+S({transamination)

el aiel FHS G

o g0 elalA oAl H L.

- Amino acid + keto acid — Amino acid + keto acid

- OHOI=Dl MOIHIE 2 <ol

2 A4 ol 8% & gl obmmite] A

ol 2ol A thE ofmfieitel Faffell whe g

. transaminase, £ &4

OHOl = 2&49)

- 5x
- Jls : HEE

® gEuttZ(decarboxylation) :
- Decarboxylase0ll 2|ot01 OtOI:=
1AL OF2I0] HYEl= HS
- Ol
ex) Histidine — histamine + CO2
Lysine — cadaverine + COq
Ornithine — putrescine + CO»
Arginine — agamate + CO»

o Axtoly :

-1

3349 FRatBolt auay

: pyridoxal phosphate(PLP)

AHSIAIH}S
oEHO L. O

LHIIM COz2t OIEEI1 2Z2LI0H |REHI

At — primary amine + CO:

229 9714 2=

3 -



@ Stickland g+S :
2F 9] ofmi=ito]l wEEEle] FE ofW|Ate FAFAAE, GE ot A
= FoaFEAR A&t A3 AstE ARkl opn ke AEAL
O Yoln 3t Hr

ex) Clostridium sporogenes
Alanine + 2 glycine + HH O ——— 3 acetate + 3NHs + CO>

Ala @ F42%F 7‘“ Gly : Tﬁ\_—/f*%zﬂ

® 7lEt
- gelg Ol A0l 200 - &E3l-L, HELE S0 Mo

2] 2t OHOI'c &t HIgO| Mot AZ
x oln| Al A DQF B@A2FT4 : EMP, HMP, TCA A2¢ F=(HHES

ofr| =ik ARk o] &
- Glutamate Al¥ : a-Ketoglutarate — glutamate, glutamine, proline,
arginine

- Aspartate 7€ : oxaloacetate — aspartate, lysine, methionine,
aspargine, threonine, isoleucine

- Pyruvate A€ : pyruvate — alanine, valine, leucine
— Serine Al€ : serine, glycine, cysteine
- "k olw| Al AlY : PEP + erythrose-4—phosphate

Y
Chorisimate| —> | Phe, Tyr, Trp |

4. HAIXED |
- Z(enzyme) "I E 2] thAIRES-

— OO
— mlO
do

:OL_';

A

=

2

fu

£

ofo

ol

rir

do

)

e

_|>i

o

o

~E24e 71d3 vrgste gA-JIE SEMHlE e HE9 e UXIE
2= SMEES ot
- EAAE YA AL, ARt A, Al FA
- HANPEXEHE : 240 SdXHE, 240 2o IF
- BAE FHEIAEY LHSFEOT EN), SEIAELADDI0 )
- g49 gy : fZlinduction)?t AXlrepression)7|20ll 2o =&
- 34234 B3 YA EE S E  coarse tuning (=7F =gt}
- 820 A4S E3 YAIERAESEEE ¢ fine tuning(S =71 wWHE)
ex) Wwal&Ea  wj x|l 7ol =AY 5ol = I
FHEh AR BR ABEYE 0|I O|oH Ml =& =t}

_14_



2! g JIJq E+S < ES-complex — E + P
Substrate A

A An enzyme molecule
has an active site
where it reacts with the
substrate molecule.

Enzyme-substrate
complex

Active

site 'B) The reaction between
enzyme and substrate
molecules forms a “
complex and alters the o)
Enzyme active site slightly.
molecule
(E) The enzyme
molecule remains
unchanged and
is recycled.
Products

(ot

(D) Two end products -
result from the (C) The enzyme molecule
reaction. ~ breaks apart the

substrate molecule.

@ s=(induction)
A. JI&s%(substrate induction)
- Lactose &l &4 : B-galactosidase (7] &o] &4 A T2
- QA FE4 ¢ lactose(9] ), SEEEA(allolactose, )

B. 88X X g %T(coordinated induction)@t ZHIA | %(sequential induction)

A—>B—>C—>D—>E —>F
a b c d e
ex) BGAA &, F24 FE, 2 + A4 F=
C. AIME f%(product induction) : MAME HISAMZ0 20 /<
ex) Trp

Catechol

® 2 HMilrepression)
A. XF4=2AMI(end product repression)
- ofm Ak Ao FojatE FA AL HFTAMNEC HYJoz A
HAE w Ak
B. £3) 9 A (catabolic repression)= A=< A
- 71d 2N FEoR EAT AFS g s1dute] AEE At

N R

il

o)
E4&

rlr

&= &4
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2) & AT
- Al A - dYd 8
- T-ZF A2 — A Ab(transcription) @ 73 &4,
ex) @ ¥ I %4, nucleotide : Al % & & (signal substance) L+
o

5
XS olTHeffector)E =

it
o2
(o]
2
d(—):
-,
o

N\ Q59 or AAUCE KL
O E2II% .
- A5 AA7F A GM A (regulatory protein)ol 2
l
ZETUUEIO| XY}

l
DNASl SO0IXMQ2 fE(AIS T XL, operatorllt?] 28 55 BiYl

* 9 A 2 A} (repressor) :
- 2% 12 Hnducer)7} 13 eIl DNASH Aitsle zdvud
* Apo-repressor
- 25 Q1A (co-repressor) 7t A= ZGEiOl A DNA9H Adtst= =ddd
+ QHE(operon) : A (Promoter + operator + structural gene)
(FAUFMIN-(RSFHIN-(RZF I
XIS XMIHpromoter) : DNA® ¥ RNA 5% &2 (DNA dependent RNA

polymerase)”} Ag3st= F91 =2 operonoll A HAZE Al ZFE = 59

bt

« At gMXHoperator) :
ZzAGW Aol A AR A — AAL A — EALFA A5
ZAGwW A fFrEo] A% — HAEFAAd AgEA 3 — HARA

® Lactose 2HIEC] XH(Lac operon)

A. Negative regulation

# Inducer’} £AHA| &= A ¢ 2 A] repressor® 28319 operator®l]

* Inducer(lactose)7} &A= 4% : AW A allolactose 7} 2 &3}
ejA 1 AFe] et Wsksto] operatorel Wk st= Zhas

B. Positive regulation
— Promoter®] CRP %2 CAP7}

5ol4
- o] }9]= RNA polymerase® Z2g<S x4s3}

s wAE I
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[Gene induction] [Gene repression]

i Genes not transcribed
Genes transcribed

Sienel Structural
Reg. “P .0. genes . Reg. B 5 i
- ] — i T
1 l e
l repressor
VT»V mANA \/ M
Active 0] Inactive Inactive @ Corepressor
repressor  Inducer TEpressor Tepressor
Genes not transcribed Genes transcribed
t |
Reg. Se:::um Structural
= g _— genes
mANA

O XHCHME : CRP 22 CAP
- CRP(cyclic AMP receptor protein)2} CAP(catabolic activator protein)”}
ZA a2 ZAsE = A RNA polymerase 7} DNAeo| ZAgHalr] ¢3F
21 ) o o}
- MAl= ZETUMA(CRPR} CAPIOI EXIFMXN &XHIZ Z2SHE DO AIX
- CRPS} i3 ake] 13t8& cAMP-CRP9o] A3o = F7t

"5 9]

X

[Positive control of the Lac operon]

cAMP
=]
—k-—»- ) Active CAP
l/* Lac operon
] 1 i G
T L T et
Operator Structural genes

RMNA polymerase (+ sigma factor)

P o] Structural genes
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Q2 HEQA QHIE9| 20 UHI(Catabolic repression of the lactose operon)
- Lactose, glucose <A : B-galactosidase $H4 &4 — 2L o]83}1 K3}
- Glucose A8k AEZ W2l cAMP X7 $t7] wito] & EZd st

ol oA &7t 9

C
s

e
=
fo
B>
o
o
H
~
>

rr

SS9

@ @< & A (simple enzyme)
« Michaelis-Menten equation : #2 849| KineticSN&ES AW

A% [S] Vmax [S]

= orV= —7/"—"-

Vmax Km + [S] Km + [S]
\Y% . velocity of enzyme reaction

Vmax : maximum velocity
[S] . substrate conc.(mole/L)

@ =z

4 (regulatory enzyme)

A 2709 A RS T

agsie vol o SWWS 2

Ash Agare wel - UMY 2

ex) Positive effector (activator), Negative effector(inhibitor)

y

Ol

i)
oo rlr

-7

_

g ol

o Kol

BN

rr

A. SdZAHEZAQL X=21XHallosteric enzyme and effector)
- Allosteric effector : ATP, ADP, AMP, acetyl-CoA, PEP, NADH
- Allosteric enzyme : = FAHEol 9sle] AHlE v a4
- Allosteric regulation : A &9l 2]l feedback inhibitiong %W=T}.

B. 2AEYO IRAEY HIN 9ot XH
- Adenylation(OtHIE2H
- Phosphorylation(2! &2}
- Acetylation(OtMIE2H
ex) Glycogen phosphorylase (7FQIAME3] & 4) -
g) - serine 7|7} A4ks}
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