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Water (‘li‘\)
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Heart 79% JUY R
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Liver 86% U192 29152
Muscle 75%
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Chemical properties of water
Covalent Bond:

Bond Angle: 104.3°

bent structure (v-shape)
Polar molecule

Dipoles (H+ and O-)
Free water: solvent for ionic/polar compounds ~ 55%
Bound water (with other biomolecules by H-bond)



Water form hydrogen (H)-bond with polar solutes

an electrostatic attraction between the oxygen atom (6°)
of one water molecule and the hydrogen (8*) of another
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: Hydrogen bond
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Common hydrogen bonds in biological systems. The
hydrogen acceptor is usually oxygen or nitrogen; the
hydrogen donor is another electronegative atom.



Water interacts electrostatically with charges solutes.

Charged/polar molecules Non-polar molecules
- well dissolved in water - poor dissolved in water
[):\:] 1 E¥ A Some Examples of Polar, Nonpolar, and Amphipathic Biomolecules (Shown as lonic Forms at pH 7)
Polar Nonpolar 0
Glucose CH,0H Typical wax CH,(CH,),—CH—CH—(CH,);— CH,— (”3
H /i N \(|3
>{ CHj(CH,);—CH=CH—(CH,);—CH,
g EE 1
H . Amphipathic
Glycine +NH;—CH,—COO~ Phenylalanine @ 1TIH3
CH,—CH —C00-
Aspartate +NH;
~00C—CH,—CH—CO0~ Phosphatidylcholine
Lactate CH3—(|JH—COO— CH3(CH2)15CH2—(|LJ—O—CH2
OH CH3(CH2)15CH2—(|f—O—(:3H 0 +1|\I(CH3)3
Glycerol OH < CH2_O_1|)_O_CHZ_CH2

| _
HOCH,—CH—CH,OH O

|:| Polar groups |:| Nonpolar groups




Water interacts electrostatically with charges solutes.

Charged/polar molecules - well dissolved in water
- hydrophilic




Water interacts electrostatically with charges solutes.

Non-polar molecules
- poor dissolved in water

- hydrophobic
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Dispersion of
lipids in H,O

Each lipid

molecule forces
surrounding H,0
molecules to become
highly ordered.
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Clusters of lipid
molecules

Only lipid portions

at the edge of

the cluster force the
ordering of water.
Fewer H,O molecules
are ordered, and
entropy is increased.

Micelles

All hydrophobic
groups are
sequestered from
water; ordered
shell of H,O
molecules is
minimized, and
entropy is further
increased.



UHasenludrsniy dosnisantszfmancan wiu
- Temperature
- pH (acid-base)
- Etc.

Acid-Base Theory

Bronsted-Lowry
“asa (acid) Ao arsAarursals H (proton donor) sautua (base)
Ao asAsransasu H* (proton acceptor) 1&”

Amphoteric 559 Amphiprotic substance &» asfAsransariuirf
&9 dluctaldiazdiasu H* wu H,0, H,PO,", HCO.

al o

ns@duNsY dauluratlunsasou asu acetic acid, citric acid, lactic
acid

(hs@) CH;COOH = H* + CH;COO- (atux) 10



pH value in human body

Saliva
6.0 - 7.41

Gasgric
Secretion
1.0 - 3.57

Bile
7.81

Liver
7.21

Pancreqtic
Secretion
8.0 - 8.31

Urine
4.5 -8.01

Skeletal
Muscle
6.9 -7.21

Arterial
Blood
7.4 -7.451

Capillary
Blood
7.35 - 7.41

Venomous
Blood
7.3 -7.351

Small I.ntestine
Secretion
7.5-8.01

Bone
7.41
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Acid-Base

(hs@) CH;COOH = H* + CH;COO- (atu#, conjugate base)

(sus) NH; + H* = NH,* (anse, conjugate acid)

Buffer

ﬁswﬂau@\wﬂs@aamsa@maamaaﬂs@\aa%(mwa)%u M uNISAEANY

NFWIsaTAWsEeU pH Blsnsfiléivuo tliotduiin nse wFotuaa9

Tusrusutanioy sflueals pH woIFIsazaUtURUY a3 ldnniEA
Buffer = weak acid + its salt

CH;COOH = H* + CH;COO-
L6169 OH-= CH3;COOH = H* + CH;COO-
CH;COOH = H* + CH;CO0- & H* wdunsa
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° 14
Bufferin
13+ of _
titration
12k ! NH; NG
- pK, = 9.25 Buffering
9 [NH = [NH,] regions:
10k | T1O.25
8 — CH3COO_ ] \L NH
\ 9 3
7 = - JL 8.25
°r ——pH576 7 ! Phosphate
Sk ____________ Buffering 6 JL 5.86
pH region T 5.76
4 ] nees 5 Acetate
‘— pH 3.
4 I 1L 3.76
3 : [CH;COOH] = [CH;COO ] '
I 3 _
|
2T <~ CH,CO0H i . |
|
1+ | - 1 CH,COOH i
|
|
0 | | | | | | | | | 0 | | | | | | | ! |
O 01 020304050607 0809 10 O 01 02 03 04 05 06 0.7 08 09 10
OH™ added (equivalents) OH™ added (equivalents)
| | | | | |
0 50 100% 0 50 100%

Percent titrated Percent titrated 13



Biological buffer

szuu buffer lusrsniu awuisamsuau pH wosranulfimsh

Systems

Biocarbonate

Phosphate

Protein

99372

STUULID A LA LBRADI
- Plasma

- Lymphatic fluids

- Cerebrospinal fluids
- Interstitial fluid

LD LD 61N96)
IEERPT

ﬁﬂéiawuaa%‘\amej

AvWtWos
CO, / HCO+-

H,PO,  / HPO,?-

Histidine-side chain
N-terminal amino
group

pKa
6.1

7.2

6.0-7.0
7.6-8.4
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Carbonate buffer system

H,CO, =
pK, = 3.8

CO, + H,0 = H,CO; = H* + HCO;"

Active

Tissues

cells

*+ HCO; =
pK, = 10.2

*+ CO5"

Alveolus

Lung
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Phosphate buffer system
H,PO," = H* + HPO,2

pK, = 7.2
tubular lumen tubular cell peritubular
capillary
[ N e
HPO42 + Ht g# Ht + HCO3 ~HCO3’
IS
oo H2C03 i,>,1% Nt
‘ 'carbonic anhydrase a
: high
urine
H20+C02 - Coz




Protein buffer system
H(Protein) = H* + (Protein)-

At low pH (excess H*) At neutral pH At high pH (too few H*)
H H /O H H o) H H /O
L I / \ I I /
*H—=N——C——C ” N——C c—C
/ I \ "\ 4 I | \
H R OH 4 H R R O
Excess free H* *H
removed from Free H* added to
solution solution

(to raise pH) (to lower pH)
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NH, NH, NH,
I pK, | pK, l
CH, CH,

-

G lyc i'ne COOH COO CO0

13

& ~ Glycine
Histidine

i

Teng . (na
8 8
CH CH + H*
o/ Ho-_/
H
oH 5 oH 7 0 0.5 1 15 2

OH " (equivalents)



Acidosis and Alkalosis

- arznsaLAw (acidosis)

- azatsvhAu (alkalosis)

- anudaUn@ivwa9INIsSAW pH wo9s19nY

- dvnalBAamanutladndiusssranuaniaunn

Metabolic acidosis/alkalosis
Respiratory acidosis/alkalosis
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Acidosis and Alkalosis

Metabolic acidosis
tAiaann1sdll HCO;™ a@a9 annnsgsysdyunn KIONE1INSAAINVL
-Ketoacidosis (5519 ketone body §9) 91nt2aN2TDA thaLtUIRINU
-Lactic acidosis (5519 lactic acid §9)
- YIRFOFSUVNIUNE LY aspirin, methanol sTudin
- gaytdy HCO;” :mnnnsnioatdeY

Metabolic alkalosis

Haann1si HCO;™ tivadia NNASFULRUNSAUINKRTD LGV
HCO-- AN

- ABYIYUUIF192

- 2 1RyutTuLITIUIU

- 6211@\5'\9@1"\@%5553

- {&§u HCO-- vt LU Tusr9n et v 20



Acidosis and Alkalosis

Respiratory acidosis
vA@InAIsAISa CO, LdkousAa
- Tsansomanudadndiussdoa
- w1gbadas MnnwrnTossuudszaIn
- TsmwssszuundrauitoAtAauadunisumiala

- ﬂwas@‘mﬁxwzaq@cﬁu

Respiratory alkalosis
vAaa1nn1sAISa CO, ntAuld

- doaural sl b
[} . . G a
- k1ubatda (hyperventilation) ann1sGom w0 @n

- 29AAIRNINNYRILA
- B0 KBS0 VLT INSTUUNIILEWRIY LD
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