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Nitrogen cycle

« S50 2o EANES>AZLIO0
-=> Nitrification in soil (Nitrosomonas,
Nitrobacter) = Nitrite (NO,"), Nitrate (NO;") ion
»> &5t Ot CHE A= HI0l] 2o 22 L[0t
sz M >==dF > &=

-> E2F H2L[0}

[0

 Denitrification(il 2Joff &8J|=2 &A= &t




e nitrate ion
« 2d|0}

2 LI0F gas

F

ol




Nitrogen fixation

* N, ---------—----> NH,
* Nitrigenase complex
* Dbacteria & blue-green algae

(a)

sINSSSIN2 +

10 electrons

ancd HsNS H
H H

16 electrons total

(b)

Ferredoxin
(oxidized)

Ferredoxin
(reduced)
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Dinitrogenase

Dinitrogenase
reductase
(recduced)

recluctase
(oxidized)

16 ATP

16
+ 16 ADP

Dinitrogenase
(oxidized)

Dinitrogenase
(reduced)
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* NH,* + KG + NADPH ---> Glutamate + NADP* + H,O

Glutamate Dehydrogenase

« NH,* + Glutamate + ATP ----> Glutamine + ADP + Pi+ H,0O
Glutamine Synthetase

(”> NAQPH +H' .\"u;

(a) NH.,+ + —()()(I-—(IH?—(II'IQ-—(I—(I()()_ > 5 HyO + _()()(I—(IHQ—(IHQ——(IH —CO0
0-Ketoglutarate 5 Glutamate
NADP

NH;' ATP  ADP+(P (| |) TH;

| N
(b) NH,,+ + '()()(I—(ZHQ—(IHQ—(IH —CO0O » Hy0 + HIN—C—CHy—CHy— CH—COO"

Glutamate Glutamine
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OlO| = A 8EH XED| A
— 50O L& —
Glutamate o
H Ve
NH} + ATP . © Glycine *THgN — C— c\
o-
Glutamine synthetase Mg>*
O
. 7
ADP + (B ® Alanine YHN —(I: —C
CH, o~
P » Q00— ‘
ra B e e L e e e e e El ot o ko . B %
l/, v M e e - ® ®* ————————————————————————————————— - -\\\ N\
' 2 S, 3
- £ R e eSS e ke Ny )
1
L : ™ Py
! 1 | 1
oo 1 O O - [
- | ¢, o I i B
1 1
: E 5 YHN —C —C tHN —C—O—P—O"~ ! | i !
. : o o 2R
N N ) Carbamoyl phosphate O ————- o i ' H
O - Serine i 4
1 ! 1 L
B P!
H I | 1 1
- 1 | -
1 : : : 1
! I P !
- -
: \ 5 :
1 1 1
1 1 ]
1 1 1
1 HE
i |
i Loy
1 1 ]
1 N
1 |
1 P
: ¢
1 ’ 1
\ ,/, :
III
/
7
7/
NH, B
Glucosamine-6-phosphate -~ —~-~-=—— === ————r———— e —— - = il
Fig. 23-4, p.633
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Transamination
(Ot0|=0] & 0]EHS)

A.A, + Keto acid, ----- > Keto acid, + A.A,

Transaminase
Ot0l )| &0|l=4

2 A 2 2~:Pyridoxal phosphate




COO™

CH,

CH,
H—C — NHj

COO™

Glutamate

COO™
CH,
CH,

H —C — NHj

COO™

Glutamate
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R

I P}'l'i(l().\zul—pln).\‘phzuc'—\
C=0 <

| dependent
CcCOO™ aminotransferase

o-Keto acid

OO0l 0] &0IErS

CcOO™
] Glutamate—
CH, <
] ;lsp;lrt;llc
C=0 aminotransferase
CcCOO™
Oxaloacetate

COO~

CH,

CH,
=0

COO™

o-KG

COO™
CH,

CH,

COO™

o-KG

R

+ H—C— NHj

4

COO™

o-Amino acid

COO™
|
(ﬁb

H — C — NHj

COO™

Aspartate




OO0l =42 = ol 2t

0]

=

Glu GIn Arg Pro His Tyr Phe Leu Lys Trp Glu Gln Pro Arg
* Ile Trp Leu l T

o-Ketoglutarate o-Ketoglutarate

/ Acetoacetyl-CoA \}
& ﬁ Anabolic
Citric acid eactions i

cycle 3< Il Acetyl-CoA :—>f

) [ \ \ Citric acid

Catabolic _ \ cycle
reactions Oxaloacetate

: Fumeuuic LEatc ‘ l %
A |
| l’h()Sph(')Cl]()lP}'l‘ll\‘zll(‘“ 1
v
v

Ala Gly Ser Cys Val Leu Lys

Catabolic breakdown of amino acids Anabolic formation of amino acids
produces citric acid cycle intermediates uses citric acid cycle intermediates
as precursors

SEUAIR 2A0AME HEEZ0HM UCEH

Succinyl-CoA
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OOl =42 HlS

Glutamate family
Aspartate family
Pyruvate family
Serine family
Aromatic family
Histidine family




Glutamate
Glutamine Proline Arginine
Oxaloacetate
Aspartate
Asparagine /l'}nrr:onine
Mcethionine ¢ Lysine
Isolcucine
e S3-Phosphoglycerate
family
Serine
Cysteine Glyvcine
Pyruvale
Valine Alanine Leucine

Phosphoenolpyruvate
] + Erythrose—-4-phosphate

!

Phenylalanine Tyrosine Tryptophan
Tyrosine
_ Ribose-5phosphate
Hisadine
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0 Loz 22

Fig. 23-6, p.635



OOl =42 & Al

a-KG

Aspartic acid
pyruvic acid
3-phosphoglycerate
PEP

erythrose-4-P




Serinel| g

A

o

COO
H—C —OH
(:[‘12

OPOL"
S-FPhosphoglycerate
NAD"

NADH + H°

CH,

OPO.~

S-Phosphohydroxpyruvate

CGlutamate

a-Kertoglutarate

COO™
HN— (I: —F1
(I:Hz

OPO
S-Phosphoserine
H>O

P
COO™
H N — (I: — K1
CH

OH
Scerine
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Serine family, glycine2| & &

COO~

+ l

CH,OH

Serine
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H
N COO-
N CH, o
+ | i — Hg'i\'—(l'.—H +
¢
SN CH; H
H |'
:\'_
H

Tetrahydrofolate Glycine

ke
N CH,

HoC ——N—

N°,N'"-Methylene-
tetrahyclrofolate

?“\\ _/'\

G
I |

&
| H

OH

B .

§(fll O
v I. - ' II- v - - ~ -
.\Q(‘/ .\\'4(‘—(.11._,—T (.—T—(l.l1—(.112—(,112—(.()()11
' ' H COOH

— — ———

Pteridine derivative /~Aminobenzoic Glutamic acid
acid

Folic acid
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@ OFst & EH
[etrahydrofolate (THF)2| Ct2Fst &
I-Carbon unit
oxidation -~ H
level: HoN Homocysteine  Methionine N N -
9 \'/ ¥ HsN = H
= \ /‘ |
E1g-9 \NI > b N 2
= H ‘?“2
( H; NH
R
- Serine
~ N3.methyl THF THF
NADP* Histidine
Glycine  PLP V/
[FAD] Formimino Glu . l Formate
: ormy +
N AD_:_,};IQ; ; Glycine Glu
+ NAD™* =0

Glu

Formaldehyde
A

@D + i

iy Gl
+ NADH + (H') =

v;\/z

i H
g N3 N'%methylene THF HgN\’/ HoN\( jLH
TH
\HI \"I (fH2
/N\
NADP* < HC R
N-formimino THF I
=
E 9 NADPH ) N'"_formyl THF
= “ L\-l‘l-g

+ |j_1-_{3'

H
N N
+2 HN N H
CH
S o e A
HC=N
~.
R

N3 N methenyl THF




U

ANAHIQIS efd(S2)

+' A .’\ —(:H3 +
f\ng (| Hy c U NHE,
Methionine + ATP — "OOCCHCHyCHy—S —Adenosine - “OOCCHCHyCHoS —Adenosine
i+ Transmethylation
S-Adenosylmethionine S-Adenosylhomocysteine
['l()()
A 2
O NHS
B | Adenosine
()()(I(Z(IH2(1H3 HOCHyCHCOO™
+ - { ~ I T'¢ - +, +, N 1 e +.
NH:; u-Keto butyrate N H3 A\Hg Serine -\H3
| L | | Y, |
HS(’IHQ(‘.H(I()()" - "OOCCHCH,CHySCHyCHCOO™ = "OOCCHCH,CHoSH
e { {
From Fromser NH; Cystathionine H.O Homocysteine
met 2
Cysteine
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Fig. 23-16, p.642



E Ot0l =&k

Table 23.1

Amino Acid Requirements in Humans
Essential Nonessential
Arginine* Alanine
Histidine' Asparagine
Isoleucine Aspartate
Leucine Cysteine
Lysine Glutamate
Methionine Glutamine
Phenylalanine Glycine
Threonine Proline
Tryptophan Serine
Valine Tyrosine




1) == HQol A&

T —

2) 1-EtA X T bl

of= OtOl =&t =2 ?
O 2t¢{ot= 240




OI0I=4M2 JIs

1) protein synthesis
2) biologically significant compound & &
3) B Xl A --- Wintake> need

(2) starvation




Ot0| = &H2] = ol

1) amino J|2| X|A
a) oxidative deamination (&HaH& E0H0| =3t
amino acid oxidase (peroxisomes)

b) transamination (Ot0] =J| & 0| BtE)
transaminase

2) B4 20| =5

. -

ketogenic & glucogenic amino acids



UL

Glu GIn Arg Pro His

Ile Trp Leu
o-Ke log{lul(u ate

&

[ —

Citric acid
cycle

Tyr Phe Leu Lys Trp

Lys Leu

J

L>

Acetoacetyl-CoA

~\Ccl\| -Co/ \

\
Succinyl-CoA f

/

A

Fumarate

$

Catabolic
reactions

Trp Ala Gly Ser Thr Cys

Catabolic breakdown of amino acids
produces citric acid cycle intermediates
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\

Oxaloac

Pyruvate

Glu Gln Pro Arg

o-Ke t()glunu ate

(=)

Anabolic
reactions

Citric acid
cycle

clate

Phosphoenolpyruvate

\
V

Ala Gly Ser Cys Val Leu Lys

Asp Asn Lys Thr Met Ile

Anabolic formation of amino acids
uses citric acid cycle intermediates

as p recursors




CHARGN HE OFD| =42 =&~

Table 23.2

Glucogenic and Ketogenic Amino Acids

Glucogenic Ketogenic Glucogenic and Ketogenic

Aspartate Leucine [soleucine
Asparagine Lysine Phenylalanine
Alanine Tryptophan
Glycine Tyrosine
Serine
Threonine
Cysteine
Glutamate
Glutamine
Arginine
Proline
Histidine

‘aline

Methionine
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a2 SE)

« 22 LJ[O0}, trimethylamine
(fish, bacteria)

» 2d|0F (EEF)

. 22

NH,
Ammonia
as
NH,

Ammonium
1on

O
|

H.N—C—NH,
Urea

O H

| |

HN" \T:

\

®)
\
O
/
\
0
/

A

N
E
C=0
“
N

H H
Uric acid
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_ . N
Uric acid “;Tf/ \jtji’ Do
Uric acid= =0l & uw/i
=Xl e HE
| ( =0
o~ \?;/Z\*‘i/
A& 0| L =2 2T o
=X A\ SE 2 SIVEDE i e

Allantoic acid

s %,
H O

aCId Clyoxylate
= zn._,N—(I:—an
|

AMES M2l et %}:_C,f;).w
o =
TTTT IC

urea= MEtotd BH & L
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R /NH’ Ureido

MITOCHONDRION

Fig. 23-18, p.645
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Ldiot 2l=2 SR-H

CAP 1t ASP2| glEliiZ N Ml &
Arginine= N J} J
O EZ2 =20t Al
ZHOILA &2 O EFHCE
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What do you think about your image®?
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Nucleotide?

1) =& Ak... RNA and DNA
2) Nucleotlde---A P,CTP, GTP

3) metabolic regulator --cyclic AMP
4) coenzymes-- NADH, CoA




purinel| Agh4

From
From  COy

aspartate l@ /—®/F rom glycine
O

N
1|\I 'IOurine%’é'j%F /C .
@ C \N _ C ~N \
From / /® 0 f From N''-F ormyl-
N Fo rmyl- it s 1 tetrahydrofolate
tetrahydrofolate
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Fig. 23-20, p.649




SISt RE (Chemotherapy)

aminopterin

- methotrexate
- FAY 2ADFH [ ==E

=M g8l Bl 242 sd=2 A2
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0x

- —— Purine nucleotide 2|

H—N | \>
Y

Aspartate + GTP

GDP +

Adenylosuccinate
synthetase

IMP
dehydrogenase
()\ /() -
C—CHy,— CH—C T
5 | O Mg

N N GMP
Adenylosuccinate synthetase i - GCluamine +
Adenylosuccinate PP
lyase AMP + (PAP) + Glutamate
Fumarate )
O
NH, H
N N N\
NZ~ | >
[ A e
AMP X N HyN N GMP

N
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Ribose-b-phosphate

GTP + Aspartate

GDP + ®

Adenylosuccinate

—P Reactions

Feedback

b

XMP

Glutamine
AMP + Glutamate

GMP

JA S B4 0 o0z MY 3H




Purines2| 2dl

Base-sugar-pi ----> nucleosides ------- > pases
o] ribose

* man, primates, dalmation dog ----- > uric acid
« 80% purine nucleotides ----> 0| &
« 20% =ofl (0.5grams/day)




Purines®| £al

(a)
O @ O Ribose
= N . N
L 0 -
S NI )\\ ¥
HNT N7 N H,NT N7 N
Ribose Ribose
P
GMP Guanosine
RNA~<
L N L N
PN . P
N N N N
Al n H,0
Rll)losc Ribose o
P
AMP Adenosine
.\'H;

H,0

S

O \.HI O
= N 2 N
HN | \> HN | \>
S v )\ \T
H,NT N7 N o 07 NN
H
Guanine Xanthine
H,0,
Xanthine
oxidase
o Ribose o
s H,O + O.
HN | )%>> 2 HN | s
. - \
N 7r N
Ribose
Inosine Hypoxanthine
=~ IMP
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Fig. 23-23a, p.652
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Purines 2

(b)
e}

HN Xanthine HN HzN I\H H,N COO™ N,H

T o — e — 0 L L
()\l(lasc

O N

(as before)

H H H H H H H
Xanthine Uric acid Allantoin Allantoate
(excreted end-
product in humans) J

O O
| |
Glyoxylate Urea Urea
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Fig. 23-23b, p.652
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Lesch-Nyhan Syndrome (694%5)

Hypoxanthine-guanine phosphoribosyl transferase
(HGPRT) 202 Edol= €5

PRPP, purine, uric acid S It

AN SZ ANAHE 23

o 1y O 5’ =
Ol S22 A)jat BS 2 == SHAQ| LIEFL
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HIN I o & S Ny N
:UI > o+ | [ —meper , TN
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H H OH Il Il @® ‘
H hi PRPP @cH,
ypoxa ine O
OH OH
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O O
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Pyrimidine nucleotide (UMP)2| A4

ISIAN,

= O
=0 O
N/
T 4

- . ® |

- CPSI I | ATCase A g CH2
i r - > L
HCO3 + Glutamine + 2 ATP +, f[,@ HQI\S_CQ_O_P_O > " N C N C .
= | 9 _—

Glutamate o m = = H! |

+ 9 ADP + @ Carbamoyl-P N/ / N
4 (I; 0 (6]
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O + 6
HgN—C —H
H\\\7 H Lo
4 | C
Py s
07 >N TH  ump gan e
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Dihydroorotase > OH-
@5
OMP decarboxylase
Y
Oyl\ . C=0 Orotate phosph
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ra
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?)@ «-PRPP zyme  Coenzyme
Hy Q H g
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Fig. 23-26, p.655



Pyrimidine nucleotide (UMP) 2|

AH S+ A

[ —— R e

Ribose triphosphate
UTP
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Glutamine Glutamate

- -
ATP ADP

N

CTP
synthetase

Ribose triphosphate
CTP

Fig. 23-28, p.656
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Glutamate 1/

Carbamoyl phosphate

Carbamoyl aspartate

COy + Glutamine

Carbamoyl
phosphate

synthetase

\/

Aspartate
transcarbamoylase

v
v ,

UMP---=--=--=-- P s -
* —» Reactions
uTP e Feedback
inhibition
-CTP




Pyrimidin

el = ol

Cytosine
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= NAEPH
H,O  NHj I o
\ g HN” CH
| [
& CH
O S N/
H
Uracil

+
NH; + CO; + HsN—CHs—CHs—COO"

[-Alanine

NADP*

H,O
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H,O

H+
O
|
HoN— C—NH—CHg— CHs—COO"

N-Carbamoylpropionate

Fig. 23-30, p.657
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NADPH FAD SH HS S—S
- X X
NADP* FADH, S—S SH HS

Thioredoxin reductase Thioredoxin Ribonucleotide

O O O O
| | I |
e e O
O~ O~ CH O~ O~ CH
. O Base 2 O Base
OH OH OH H

Ribonucleoside diphosphate
(NDP)
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SH HS

S—S

reductase

Deoxyribonucleoside diphosphate
(ANDP)

Fig. 23-31, p.657
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SA49| HOl(mutation)Z 2loll J|= &

1) Phenylketonuria--Phenylalanine hydroxylase2| Z 04
phenylketonel =& 22 T/l M pyruvatet acetyl
CoAZ NM&tot= 2= gol
mental retardation == cf

2) Albinism--Tyrosinase (melanin 244 g4)2] 2




