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Molecules
| macromolecules

QUESTIONS D ored

ganelle
I ﬁ Biology

I ‘1’issue1 organ, system
! Indiviciucll / multicellular organis|
|
i Population, community
+

i Ecosystem

SRR~ S|

1. Why we should learn the general biology? purpose
2. What we will learn? content
3. How we should learn?

51 AT [£3

FEASTHIH AR, WEMT R AT B IR KA 456 U2 > B W O A4 5 3 s Ak

Biology is the study of living things—the science of life.

What mak 6efhing ‘alive"?
What characteristics do define life?
° © g2 A S

= ERIEANRE:

1. 552 4144 hierarchical organization:

2. HTPRACET metabolism:  #)) 5 RE & 1A e

3. FaSMINEPE homeostasis and sensitivity: £525--maintain relatively constant internal
conditions 4 £F P B 2% 1 B9 A XF F2 52, different from their environment; R ¥ P
--Sensitivity-Respond to environment (pupil dilate)

4. H£K A% E growth and development: Cell size, number and its differentiation / function
/ type (tissue- organ—system--individual)

5. “E5EAiE4% reproduction and inheritance: Reproduction-- =44 offspring {47 f

FUARES:; Heredity— AR EA FISEAAHARI AR s possess hereditary molecules that are

9 _—



passed to their offspring, ensuring that the offspring are of the same species.

6. BEALATE N evolution and adaptation: Descent with modification  “A &4 (4£ 48
---Nature selection—adaptation
| 7—Jpi 55 : Exception: Virus /T S5 LA (an important natural means of
transferring genes between different species, which increases genetic diversity and drives
evolution.)
= EMRRZBEIRREA

1. X475 (binomial nomenclature): J&4+F144, Homo sapiens, E. coli

2. 77Kt category: 7 (Kingdom, phylum, class, order, family, genus, species) ;

TR, v
AR i Weds. TIHEMEE, ey AT RIBSIRNA,
9 (WL H, #&H ; 10 (4% domain) e ML AR 105 aNA 185PRNA
e el B nucleus
S e > TR Protista Bactria 4 1 1
3. %%%é}ﬁ ﬂ??‘:% é}ﬁ ’ :f@zl/t\, Plantae Plantae Ayl ﬁl“klﬁ;ik
Animalia Animalia Eukarya PR ik

V9. AEYIMIRETE A BRIP4 Ecosystem
— & A (8] HR BT AR ) RS 2 [R) AN W AT ) O BA RN B BRI B0 I T R Gt — B
s HAEEMRRMAEER R, VR RO R SRS A= . JHFRE Moy

7J . . . . a .3
ﬁ % ° Abiotic components: air. water. soil, . efc i s
Ecosystem N\ wr T wan B>
community L Pr‘odlllcer' (plants, algea, cyanobactria) — ";’"
Biotic components:  consimer (insect, eagle, chimpanzee) T
Deco!'r\poser' (bacteria, fungi)
i M1.5 4ERY RS FBE R RS o K
Foud Chﬂln/‘web i (:’ e NHI*'I 1 . Nt b ek Q:HA‘;
) 44 BE O 3% 00 8% fE IR, o WNEGE R WM

¥ LW S SR

. EYIFRHIEES 1 Diversity-unity
AR AE ORI . EREES M, SRR RN, XA IR
Bl N RAREL, R LR A AL R

— 10 —



CobnNa

i replication

CF{I\'}IA M general ¥t transcription y o hlgh diversiTy /f/’*iﬁ"-hlgh UﬂiTy.’-:’lﬁ -1
W special % translation = Evolutioni#ft o I e
| Adaptationifi iV % M. FFAF
protein i % reverse transcription o
Information flow in biological systems 7 {7 4= 404 — 4~ It [a) 2

N~ EFESERESEFERIRER  Relationship
BRI CRVEYI I 5 & B R breeding W25 5 & Tk (BETRE (U
HAML 5 M. &5 o KB LR (BRI, ok, EER%) o B
A CEPIHERZGY) CGinsulin 2, IFN FH03K, GH AKME) « & GERIA virus,
HPV, Ebola virus) )

B3R/ 5% & . ¥R BEy5 4% pollution/overuse  ( harmonious coexistence/sustainable
development) ; “fxAER: climate refugee

. BRI E

REEER MR AR W, SRR, i SRS, £LARERAHE
RIS A DL F s, S, Jf3R A A
SR, SRR BT SIS FHHEN AN SR Ty

2, RPATRE A B A B AT, JRAERE b
WLEEMSLIG PRS0 e R REAE TR, 2

WHRL A ] ARS8 1) o

7.1.5 BTV

FERMREPHR A, v 7 R E R A @AY 2 R DG, WA
AT RITRIHCF SINECE A I AR B AR, A5 A% B DR 1 A4 2 07 TN T
VHB AR T E R I B U2 A AR W A8 5 AN U B L RS R



PAFE 73 I 80 [F) AT T o > 3t
7.1.6 fENZH KR E R B
(1) BB N4 B ) A ) X T TR A s
(2) TAEYT SHSAETFERRR,
7.0.7 RATHE BB OB AR SRR BREE R
AU AR 4 BB 22 B0 4T 1050
7.1.8 X R (RAEZIH—EERTE)
(BRBEIE @A) 5 AR, REEFESR, % 4ie (pl-pld)

(FRIEGE @AY A5 T 5 2 ) 26 4 hit, ZEF S

T2PEFRILT BE EMRWRERM (2 %)
721 H

B B
722 ¥ B

TR AT AR TR . BB R TIN5 SRAEYIR 71
SR G BT R RS
T23B¥ENE (RER. ERD)

B AR TR R A R gk (BRI S5 LA & DNA 1 XU i
25K

A Zic DNA 25 (R 454

EBEIH A MR IEA TR BRI YR FE. Rk,

AR &R KSR 4
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724 FEIRE
— AR Chemical elements
1L RFETCRAENEARN SR, 7T NEESHMEMM: SELSANEEER LY
DLEMRZEEICR. 85 ANERRE L FRME TR,
2. Isotope [FIf E A T /RER (AR BFFE &zl 14C, 35S, 32P,1251
= Ko THIRE
1. BH W%/ Cohesion force (Fik /1, ST
2. WA G GlEVE, mih el WA
3. [HAEEANTHESEE CEAAEREEARD
4. Polar molecule #VE7;7, J& R4 AV 7

=. BRI FYR
/N T HAE (monomers) dehﬂ%,fj:ﬁon Ko THEY (polymers)
HpE (Rl % Hglucose) — Z ¥4 (polysaccharide)
R L% (amino acid) Kffhydration | % (protein)
%1% (nucleotide) ¥ (RNA, DNA)

1. ¥ (saccharide/Carbonhydrate):
FpE: Glucose 74 % #i#(main fuel). Fructose H:f#. galactose >} 3 i
KR : 22 2 H maltose(2G). JEHE sucrose(G+F). FL¥# lactose
Z W% Ve starch; BEJE glycogen (B4 N G AR £F4E3 cellulose(fRA7AI5Z
FrEH)
At (lipids)  HRSSAAEE TK, HIETANETIK —FAFE T AL . 23
ZMAEYIIRERIYI . BAE: TR R CH M =5 triglyceride, f#REFIMLRE, 2x

_ 13 —



starch), k& wax(fig); EA M6 Bils (UM , W05 (0Bl ; AR Wik
(3 KMERE (E, REHEERD » BEa i)

3. ZEEFi(protein) 20 FRIEAZILEL Amino acids (L-a -AA, zwitterion) ;
Polypeptide/protein: Function (9) : 5% % A (keratin), i 4 25 H (actin), 15k &5 H
(ovalbumin), 55 #1 8 (4 (Ab, IFN), #%i2 % [ (hemoglobin), {55 & A (GH,insulin, G & A),
fil5 (GST, amylase ¥ 41 1)

Structure—Function: Primary---Secondary—tertiary---quaternary

4. #%1% (RNA, DNA) 2 H BRI EAZ IR L (s + A% o0 + T R

¥ nucleic acid: (K& 4% 1% %15 8) RNA(FRNA, tRNA, mRNA, microRNA);

1916-2004

DNA(genetic information, double helix); : e b z
A - h / 4 oo " 1344

SUZ e 284 el B ”"E\
N/ - 4

ﬂ%ﬁﬁﬁfmj‘%}‘jﬁ%’ ﬁﬁ*@%;@ﬁﬂm@,fﬂﬁ JamesD.‘Watson FrancisCIr;l;:;, NA& i:

XU L5, i AR 0 24 -k
=0, AME A AL R AR B, AR KRB
34A (3.4nm), 20A (2nm), 10.8A ; A=T G=C
7.2.5 BT
AR ITTHI A INE EER R E PR AER, KERZR . BRI LU 5 128
LR R, AR R A B A R 53 2 A 2
7.2.6 RNV ZH R RE R B
K825 KOt T A i Y B DL RO AL IR 7 T REON IR R4S S B A, e Ko
TIARE
7.2.7 RETHER B 0L R FARAR SRR IR E R
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728 2 FH (REIIH—FWERITH)
(PRIABE Y ) 56 4 A R, 26 —E A i A

(PRI Bt R ) o 3 5 SR ) 28 4 JR, 333 25

T3PFHETL=E B=F AEoMERBAN—IR—part] (2 %)
731 %M

B BV
7.3.2 #Z% BFR

AR FEZAMMWA BEAZ S 2T, EEAZAMAMASAR. 254, Diae
133 HENE (FEA. HH)

Bl RESEIA . St TRE

FUAME R AN 4R A

FEAR A RIS YRS S0 IE T YRR IS 0 R
TEF OREREMR . FPRKRIEA . PR IE 5 BRI  HWIRES IR A0 30
SRR, FUEEEBE .
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— HERSHE
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2. HZANM4NHEds organelles
(1) Nucleus 4MfER%-15 K42 i

SN

(2) Endoplasmic reticulum, ER

W, AR 5T I 2 A

(3) Ribosome AZHE{A, A
HT)

(4) Golgi apparatus & /K344,

fehmieia i &

(5) Lysosome ¥AHEIA, JHALHL

-hi 3 4 BE Digestion center

(6) Microbody fifA, %A, fi#

v A nuclear envelope (WUZJi):
AN AE A T P 0 IRER: - A ik
LT ZAE
#%4L nuclear pore: )liif%iz
Importin(3E &, 418E 1 ik & )
Exportin(RNA, 4125 if (1) k5 44 7 4k )
v Je{0)ii chromatin: DNA+Histone
v ¥4~ nucleolus: rDNAMZA-4141%#%
(10chromatins)
v ¥ nuclear matrix: ANEILF4E
LR LERY A SRR, []5E)

Nuclear

Nuclear
envelope

Inner membrane

Nucleoplasm Outer membrane

v FLH P T PIRER (RUZ )«

FATERIE, SRBOER::

BRI OBRIRAN, A A
cell) ; &ML (FEEE i)

v W AR SER:  ThfiE £ #E

A AR 2 AL/ R AN CEIRES D

BEARHE: liver cel FFFANAR(TH 4705 -6-04%
BT A S i 125 60 40 R Y B )

R liver cell(FR3L(bl, Wn/KiE
T, SRR RELLZ, FBACHUERIL
)

LA : muscle cell (i f5itiCa?*

HIBE AN 5
ANBER A V2
1111/2; RERY5SER
o A, {HE5H
e T INREHIA o

B

v RAEHe+ N EHE(PRNA+protein i)
B Ga, EERILE SWiEERE D

His, 25 mRNA, BLZ BRI EH A

RN

v ES B LR (2 (ERER 1)
SRR FRIE R ML (TR R)

U TR AL B T (R T A B )=
ERUREE N, AR AR, 2L

ki, A 5

2 i (1 A 2

(thousands) ;
[BIRANAL Cmillions.
RER, big nucleolus»

Large
subunit

Ribasome

FIGURE 5.19
A ribosome. Ril

ihersomes consist of a large and a small subunit
composed of rRNA and protein, The individual subunits are
synthesized in the nueleolus and then move through the nuclear
pares to the cytoplasm, where they assemble. Ribosomes serve as
sites of protein synthesis.

e VSR PR R 9 2 £ AT T (B

HAL). AR SHERE
VR

AT - cis face i (201,
B i) — 2

[ [ i il —trans face il (4k

R, MDD -5

v AR WA %

v YN A B R

v R R EE R SME O 2 T R B
BB/, &2FEK
RS
N v A A IR P RORL DA R i
5 P R 3 5 (recycle)
v BB REANE—ER
P& K AEPompe disease (liver
cell BRZKMBREEMEE) « Wi
FURETTRY
v B R 3%
v EEAY s iR peroxisome:
HAI0ES (20%MRMTRR: 25% )
prote%n.dlferox'isome; ﬁﬁ%%m (HZOZ_H20+02)
contain digestive ant
demxifyingeenzwnes v CREERTE hglyoxysome
that produce hydrogen

peroxide as a by-
product.

FIGURE 5.18
A peroxisome.
Peroxisomes are
spherical organelles
that may contain a
large diamond-shaped
crystal composed of

(plant only)
I % A RSB — b T B



7 10> Detoxifying center

(7) Mitochondria Z&fifk, zhil

''''' VORI, AT R TE R crista
(WA, W LidEE)
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AR B SR
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Central storage compartment
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4 (10min-20s); MM ZEFENHE: TERRET
B HEE. ok
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actinfE R i AT TR Ne 22, sk (b
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2 55 Jf PRI LA ST HUZ S g A sth 3R
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(10) Cytoskeleton 4l 42,

YEFF A AR I F 2 )12 Bl

Internal framework

v #F4i % cellulose—microfibril i

RS (2 BE-H AR)

B Primary wall¥)4E8E: 3, F4Kk

v Secondary walliR 4 BE(#]4: BEFI

JRIEZ 18): el sEAe s ;

MRAELT 4 (BEAHM KA BE)

v Middle lamellaffuli]JZ: Hf5,
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; ! v ORIE #lignin(F5 AR, W[ i

FGURES2 ) - [, 50% of timber); Ak i

Cellwalsn plans. A showninthis drawing s)and transisson lectron micrograph (), plant el wallae thicker, stronger, and more

rigid than thase of bacteria. Primary cell walls are bid down when the cell i young. ‘Thicker secondary cell walls may be added later when suberin(ﬂ‘é‘ulﬁ ’ Z:@ﬂ@g\?k)
the cels ully grown.

(11) Cell wall ZHfEE, R4,
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TAIBEAE (FE RO
o RIS AR, 4 R
FUFAME T 20 IE R
FEENR A WIS RS AR . RS MR e . 20 IE R
7.4.4 FEFELE
II. 40fi23)-5 IR movement and communication
1. 59MMis s 458) . H5E flagellum. £FE cilium. H.00KE centriole

v flagella and cilia--Algae# 3,
Protist/5iAE24Y), spermk 1, A&
F R4 ffiepithelia

v Flagella, ciliaZhfig #2125,

v SERAALE: TE9(2)+2+3E K basal
body9(3)+0: s —kfk, HABE

v KB #H Miazh i AR

v Centriole 1 0>$19(3)+0 5 #ii F A Fk

Outer microtubule pair

Plasma Dynein am ﬂ '8
Central v
e

microtubule 4
pair ax
)
Radial spoke

e SOD wn  PRRIFIESE (animals, protists)
“ @ Paramecium® i H

— » , i v Hubfkcentrosome(24 E f
By LS L MTOCdivision)

2. SHMIRIERE junction
1 YA R:  MAEZ plasmodesmata--ZH U EE F/NFL, 2 RS 40 b AH E
2) BNV AR B AR o -
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v a3k fiextracellular matrix,
ECM: JiZJ5icollagenf- 4 3 i 7
1 %K iproteoglycan(95%)

WA e
HFEERA .

v 2l I fibronectin (BEE )

v BEECE Fintegrin (kT

W)

RS

wHES ELL R g v E o Ee
B 3.24 Y40 3 i)l Sh 36 (ECM) 26 (51 11 Campbell %,2002)

3) WA AN HLZE L junction (L FZ2H27)

v Hfikidesmosome: HLAHE - 41 L
R 2%, FER-skin, =
#cervix uterus
v RE L Stight junction: Ft i
e F-- AR R A R R,
e AR A e E I - i i RE iR
A
&) vl . e
Y] [ gap junction: iEHIE
ES

~— i fld i

iz - o w47 3 %5 AR (1.5nm,
o P 2 BT, AT cAMP)— 5 A

(©) Wit () 0 R e 7Eheart muscle
325 gt 0 A O

3. EMIRE biomembrane
Biomembrane: i, MR (52) , m/REAK, Sokifk, Mok, SEE,

WA, WO EEIDIEE: XER{L4HAE compartmentation

Y0 PR R ALK SRR R

JIg 53 X731 2 phospholipid bilayer (45 1) R ith)-- i 51 42 kA 7

Tz fluid—4AEAL & cell fusion CRRIEREDLIAR, B |

Btk mosaic - & B CREE ThAEE) : WTEE [ integral (I &L (1) 148 1 peripheral;

HE R glycolipid(BT /M) —AHM A % R G0 MHC(H 4 iR), ABO 1AL (421N

D
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4. YAMLIEIR communication

e 2 0 5 240 0 - ) AR ELA P R RF A 0 B A B 75 114

YA Junction—physical communication, [F] i 12 40 B TR SR Al 40 B TRt 2
—AEEE SRR, EEARB =M B5EE E9RS, B9 R ERR
iRIVESSEE

{55 A — e T — i .

v {551kl £ligand, hormone
or protein) + 3 {freceptor(i# i
HH, BRA )= 5
v 5SS GEAZRAY—R
BIK) G AR A -G AR AL
% ~fiiflisecond messenger:
CAMP, Ca?* (F1AE [1CAM)

o RGO ALY cascade

VO EERETE. SRUIECE; &
—7E(liver, kidney--epinephrine)

ﬁ"fi"’?‘i’?"-

7.45 BEFHIE
R BTG I BT 1 AR TR PR B YR AN 3690 43 BT 1 T AT
746 fENEZH ARG R B
JBE AR A DL S GO I FE 4 S R () AR A
7.4.7 RETHER IR L B HARAR SRR BREE R
AN E AR 4 LIRAT S H b AT 7
7.48 ZFEBR (AARSIIE— & 15 5 TS
(BRPIIE B 55 4R, SRS, =4 ar iR A A4 i
(BRI BB AR 20 5 5 S AR 5B 4R, IR 14



TS5HFEILA B=ZF AmMERBEAN M partll--4fR% Metabolism (2 %
i)
75.1 HF¥BH
B BTV
752 HE B
BV s, T REYIRD A I R A G B4R 20 PR B IR A
PP RGP AN SE AL B IR AL, o
TE53HBEAR (THEL. D
HS e WIS s M X B IE s AR BRI AR . AT R IR TGP A AL B RR AL
HUAME R AEPDCE1E IR
FEFIRA R VIl IS i) Ly i Bsheia M 32 3h e ia UL A0 A A0 A A i e A
Hl: dHPERPIR AORE B . AR AL ATIRIRTEIA . W TR BE A AL B IR AL, Ja A
MEPDCRGE . JeR N E . SERFIRAER]. C3 A1 C4 YL L CAM )
75.4 #EETRE
0. 4R Metabolism
1. Vs S i2 transportation

14U IR B IEYE selective permeability
JIEXUZ phospholipid bilayer: #£2%. CO2. 02 limitation PR 1t%
28 [ transport proteins: sE/KMEYIE  (Glucose, amino acids) & —E specificity

2) ¥eEh#:iE passive transport—down the concentration gradient VA &k & A 75 b &
& B4 5% diffusion-02
IKHJZE osmosis-/K 7> T HIES R HL:  mnZd . SRt AR iE A &8,



buffer). (KB RIE =2 B8 HL i 4 i)
Pr BN 5 P Y facilitated diffusion-7p 1 A1E Tl id ¥ is i B O s BuiAE A
carrier protein (Glucose-RBC). i#IiE &5 channel protein (kidney-aquaporin 7K s & -
PR K 53 [E )

3) T E%#:4Z active transport—up the concentration gradient 3 ik FERA T, 755 — ik
HEAM ATP
T4 BN-H7E sodium-potassium pump ATP iz 1k -carrier #)% 54%-3Na+ out, 2K+ in:
[K+]>>[Na+]: J5 B 34 potential—4E L 22 electrogenic pump (animals)
PrlAl%% 12 coupled transport (LA ATP JyRE & & —Fis — Rl ot () 252 (R e 30 FHAh 7 ot 1
FFh#iz) , Glucose accumulation in liver

4) % endocytosis FfiEnt exocytosis— K 4> T-#4iz (protein, polysaccharide, etc)
¥ phagocytosis --FRAEZNY): A, YRR EVRANML. EZ40M, 0, T
HItR pinocytosis--EEAM, AR, Tt —*E;
ZAEN G T receptor-mediated-endocytosis-- & — 53z« 4H] i A I Y8 A A S L R 7
cholesterol/LDL  (LDL &% AR 81 F 32 ARk P -- 57 S0 30 ks A AL
Jfunt: exocytosis--73#h /N (i /R 364D
2. ZHBEIFERR cell respiration
1 AR - FOR T R R AR LR CO, AR, RN~ /ERER (ATP) HIdE.

Exergonic fitfE, H-TFERERI4H A AE S B K W) A B N -
CeH 1206 + 6 O; — 6 CO; + 6 HyO + energy (heat or ATP)

APPSO A AR R B . IR AL . AT ERIRIE A AN E AL IR AL I R -
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> PEE#f#glycolysis: 10 steps
. ch 2C3(PiHRE)
+2 ATP+2NADH«+2H*(if L A 4y 1)
| > PN 4t pyruvate oxidation:
c3 CO+ 2.8 A(C2)
+NADH+H"
> MR ER Krebs cycle: 8 steps
€2+ C4 c6 = 2C0,+C4
+ ATP +3NADH + FADH, (i 2 4liF)
» T {&iE# electron transport
chain:
NADH+H* (FADH,) + 1/20,
H,0 + 2.5(1.5) ATP

2) WEEERE glycolysis: 10 steps

C6 ——» 2C3(NERAR) +2ATP+2NADH+2H" (i JF A4 1)
TER SR T A A TR AR (MR o 2 T LT BT A= A0 200 0 v 5 2 W o A AR e S )
@At JRAGH: FEER,

o ‘ )
{ A WEBERE (M)

)
> | W
o ) RVIACTRERA: S REREIR AL SR B
6-FFBR R AR
G| e
1,6--‘7??&%% {C 2ADP

o B iy B

st Pt s

B E e S ADP N A AL ATP

7<) AF] %

X
(5]
ot Pt s

{BpURE

Bk = ye = 3-BFBL H b R 1
lc 2 NAD* 2-F B H i BR x 2
2 NADH+H* ] |

L3-S A * 2 e BB OB X2 |

3 ) W Elﬁ‘l E‘Zé\i pyruvate E‘J /I%jé H /f["fxt H? H& aer0b|c Vlv::’:z:;' Without axygen

respiration; KB fermentation (NAD-+ ] %1 I <=

e ot

[FADH

H:-glycolysis RHTHEAT) T e

BB AL pyruvate oxidation: 7E43 % &1t o Vet ine
LR R R A

FIGURE 9.9
s to pyruvate, the product of gl

C3 » CO2+ -4 A(C2) +NADH+H"
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CO,

O\ /O i -
(i" CoASH NAD TPP, lipoate, NADH O\ /S-COA
G N FAD J (|:
(|:113 complex (E, + E, + CH,
Pyruvate A A 2 e B R Acetyl-CoA

AG" = -33.4 kJ/mol

4) FPEERRTEIL Krebs cycle: 8 steps 754 A& N & bLAA R b & A=

OVERVIEW OF THE KREBS CYCLE €O, CO,
C2+C4 —Cb J—-C‘:'>—]:~C4 + ATP
+3NADH+3H" +FADH, (41 #4ilil)

22 —
6NADH+6H+2FADH,+2ATP

C6 — 2C3 — 2C2— 6C0,
+10NADH+10H"+2FADH,+
4ATP

5) H-FEE%5E electron transport chain: 02, ZRBIAN K

& B AR — RANVEACIE IR SN, BB e R A e TP . BL NAD+
VRT3, I B TAR B BRI R T IR A S, AN REIRE B OB BB 2B D
Al A il ATP--SEALBERRAL. . O2+4H" +4e—>2H0

HL &3 electron transport A . B EMRE+TFIE), Hil Q, cytC

P B 2E R FE electrochemical gradient: [H™], A=

FeA ATP (1h2:781%) chemiosmosis:  ATP & lF—ATP (L& A ae 0 N E Y RE

6) Glucose is not the only source of energy—7%i 2 ¥ A & ME— AL Be M iR

HERTIR . BB ANAZ BRI 0 D RE B A2 -
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Macromolecule PUCTSIC Proteins Polysaccharides Lipictas
degradation acids and fats
Sail ~N 1 il —_— Ami id E=1 r Fat it
Bullaing BiSoKs ucleotides [—=| Amino acids ugars atty acids

Deamination Glycolysis B-oxidation

Oxidative
respiration

Ultimate
metabolic
products

FIGURE 9.21

3. YA 1YER photosynthesis

|6CO, +12H,0 +light — C¢H;,0, +6H,0 +60, |

bacteria, algea and green plants (FBI4EH mesophy!l)F >t ge4 I W i) — S AL B K
BUARRYRAERE, 8RS tERRRBOLER, SR T E Ik
fe OKRB-LRED M _EAMBREA AR BREE-BERE) ; BNEERM: HRM
MRRXPEHR (BRBLD -

po— ~, Take place in 3 stages:

[;: H,_____f)/ ",/ + Pigments capture sunlight energy
B e ]| o BOLEEELONER !

( \A: ! ¥ REFE 1 NIEJE JINADPHFIATP

e 2/ o RKCOHFA IR — 1R [ E

’ M ‘ .
» i e d * JtJzRilight reaction— thylakoid JS## A
- L,’/:;:\pg@ 2H,0 +light O, +NADPH +ATP
- + Calvin cycle— stroma /i

6602 +NADPH +ATP C6H1206

1) FE—HrB---J6 &% photo system LA
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Ao
[RiABE]

A i

= Proton
i et
Wtar agising s B
onzyma. #
305
Thylaxoia
space

. b6-fEE

_ ksl

* Chlorophyll Mtz

chlorophyll a (UK LG, RS )
(B 506, 14k (4, accessory)
(& #lutein,

accessory and protection)
Pigments + protein —Jt % Giphotosystem
PS [ (P700, t#k%a, core--NADPH)
PSII(P68O, initial—water split-0,)
A i llui(*—‘:‘,‘fﬁﬁ? J“"{?Mﬁm EH’F*?)

" --Yttr it photophosphorylation--ATP

» PS11(P680, initial—water splif -0,)
H,0 +light — 1/20, +2H* (FZEK i)

> A TE%E Q--b6-fEA

YIOR T 52 )- AL R - 220508
ATPAT-ATP(stroma)
photophosphorylation)t & BER 1L

» PS 1 (P700, "4t %a, cen'rer--NADPH)

Fd (?);'ﬁ.li% M) - NADP)A.JE‘ZE@-NADPH
(stroma)

3) FE=MB: K CO2 & NHE Calvin cycle—hi& [ E—light-independent reaction

THE CALVIN CYCLE » €O, fixation
" wo-o-o o HARIE 3% {b- I #Rubisco,
Hif; — ¢= 3RUBP(C5) +3CO5 6PGA(C3)
HC—OH m:':h?é@i;axe Cc3 phOTOSYﬂThGSiS
| Rubisco (PGA)
meow mo-e > MRS R
e ¢=o 6PAG +6 ATP +6NADPH — 6G3P
AT 0 (H it - 3- R
| 4 i > RuBPI
1000 S 5 G3P + 3ATP— 3RuBP
3 163P THanT glucose
3CO, + 6 NADPH + 9ATP ——1G3P
B :
4) JEWETR photorespiration:
A BEAT DA A 20 B A ' FEORT 5 SIS AR I DL T AR — AR RS . Bt
EAEA— N RFERE R RN o 2R BB IILE FROE SR S IRFIRAE o e R PR 2 o A

Yoo fRFACIERE T AR CO2, (ERBER MR AER ATP, AL & M08 B F HFE 2R
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il JERPIRER, SEE A AR AR MR TEEIRE 21%I0 B E, R Fr 806
I 5 5 > 1.6 £0.1mgCO2/dm2/h, b — Y

C3 tHY): CO, [El5E I~ 2 =& PGA, /KFG. /N, RE4&;

TR R TILRH, CO AREHEN, Op G IEHRR.

[02] | -- Rubisco hn4E G 58 - 2C—2C0, +H,0, 2 filtkE it [EI AN =42 ATP

co,
f*'/f\
Mesophyll Cy
cell hway
BBBBBBB /4 ‘)

o CAEY): SLIR I [ E 12
C4(respiration); corn, sugarcane,
vy X[ BHATAY Calvin cycle
o CAMEEH): ALRIAIGRIT, BARE
i1, [ 5E W] 7= ¥ /2 C4; pineapple
\__ cume ) | cwese 5 [1] 73 1% Day (Calvin cycle)

C, plants CAM plants

Night

Calvin

cycle Day

TR — AN A FERE R AR, HThRE . OFECPFIRIN A0 i Zebi i b AT H &
BRIL AR Ny o2 S R S NI BE T J 3-TA R SR EF (ATP); @6 IEHR AT LK S & FH O |17 ot 1
MR CTF TR ORI A N KA &) K TR RS ISR T, LG,
JERPIR BRI CO2 REMEFIEE,  WIIRTOG A MER IR C, PR HOBIIAR .
755 BEHIE
AR BTG B0 T 1% 2R R FH R PR AN 26490 3 #7 (K 3k A7
75.6 fENZH KRR ERE

TEAA A (0 A A S PR A S R s AT 4 R 2 80 R R - Mo 4Bk
AR AT TR TTERR /s BB P78 NO.8 WHIERIAE, M EWE K
FERNE?
7.5.7 VRATHE A 0 2 FAAH DS BR LR

PO 4 BB S5 20 47 105
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758 ZEERL (HARBR— 55 80D
CPRBEIE S EAS) 5 AR, RMEEEg, 5= EaRRA AT
(R B3 B A 5 5 5 I IR 2R 4 R, 78 T4
7.6 MERITLN B=F SLwRELRBRA—YH partlV--4fE23 Division (2 %
i)

7.6.1 B H#
= N
7.6.2 HEBHR
SERANME IS 220y %L PARAN MR VR0 2 T LEE s 7 AR 400 M R 4 5 e e )

KFy AR R 3L

763 BEENE (FHEL. MO

E: AR IR . i S
PO AR R S AR O R

TR MRS 22 ARSI LR 4 A S A SRR

KE: A RINE X

7.6.4 FFETE
IV. 41843 Division

1. AREAEHE LS cell cycle and mitosis

ANHLRIN cell cycle: Cell ME—IRABIFARFIT—wk [ 1 Cummsesem= )
Gx SI8 ClEelive s MO i

4y 2418139 interphase: (3) GL1(FZE A K1), S(Synthesis),
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G2---G0

A 24y 243 Mitosis (5): |3 prophase,

J5 31 anaphase, A telophase
i 57 4324 cytokinesis

2. B 2453 Mitosis (5):

1) #i A prophase: neucleolus %1,

Chromatin-chromosome-sister chromatids

(centromere-kinetochore zlj¥i), Centrosome-spindle i

RN

2) HI A prometaphase: nuclear envelope, Spindle

3) 1 metaphase: equatorial plane 77 iE 4%,

centromere(2), spindle microtubules: FRITHE

4) J5 3] anaphase: sister chromatids spindle 7814 (51

TIWE Ak, AR IE )

5) K telophase: chromosome-chromatin, nuclear

envelope, nucleolus

6) cytokinesis: equatorial plane-f#223474 (animal) |

ZHAAR cell plate (plant)

3. AR R 2T HLE:

fiT 3 prometaphase, 1 metaphase,

— S0 M JPE
A2 TF 4 1% £ 1 1A

0 3z £y B A b
1 5t 14

11 Al 00 e 2 1R (2 T 8
00 4R B AT 22 ¥ AN %)

(b) Wi f1
5 e L
=) A5 e

©F R AR BE s v P

«d) Kiowy

S EhS (1) B €0, W 4
Wy g B

N A 0 B B AW

Ce) A< Wi

Y
#EAT AP RAT 0 T
22 18 90 By 0o, 1%

@

F) e )R 5 =

FE WA £, 11

o WO R —— 22 1895 B (4

T L AN R )

o R R O 1 =

»R Wi (1) £75 v
4 B2 o

1) G1 (44 H#: centriole replicate, Mit, ribosome, ER, Golgi apparatus; DNA repairement)

2) GO (Jit 25 4 o J& 39): most cells, nerve cells, muscle cells , liver cell, lymphocyte

3) A4 meristematic cell (root, stem, blood stem cell)



+ G, checkpoint ( end of G;)- - ' \\\

assess cell growth i s checkpoints| ‘
ﬁ% ] )

tralized control system
been achicved before
Il cycle.

* G, checkpoint (end of G,): - assess
DNA replication

* M checkpoint (metaphase)- assess
mitosis, trigger exit of mitosis and FGURE1LIS

Control of the cell cycle.

cytokinesis and beginning of G, ket

Trigger mitosis

M-phase-promoting factor

&) MR BRI S THR-AME S oylin e an b o3

AN 1 B AR Bl CdK

Cyclin 4 /A#AEH: G1 cyclin (at least 3), mitotic >; .

< i L
L/(:J‘.}—/';,[b PILs G cyclin
Start kinase
cyclin, etc e

Trigger DNA replication
FIGURE 11.18
How cell cy

and €

orks. A
Cdk t

CdK J& A A e il : 454 G cyclin #ius -1k
WA (B2 2F Z- 2B AR AK)-START; G2 cyclin T4y
ZEHE T MPF

L2530, MPF fiffk, CdK 1 (CRIFIRE)

5) 4 A B R ) 4+ WL -2 K X7 growth factor, GF

— i R E A B (T4 cell, B, MRS PN R A A5 ) 3 WA R B BT, i L At 4 L
I3 2L A A7 cytokine.

o b 240 f:  divide more than twice a day; Liver cells:  once every year;

Mature neurons and muscle cells: never leave GO

51 ) 29 16 30 %) VE B (density-dependent inhibition) . I B% 4= K 4 #i ¥4 (anchorage

dependence)
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Nucleus
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IO E AL, A% A 1
WA, A2 i
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FIGURE 11.19

The cell proliferation-signaling pathway. Binding of a growth factor sets in motion a cascading intracellular signaling pathway

(described in chapter 7), which activates nuclear regulatory proteins that trigger cell division. In this example, when the nuclear protein

is phosphorylated, another nuclear protein (myc) is released and is then able to stimulate the production of Cdk proteins.

S 2R 20 ] SR A S e AR

e 00 | POSEALEERTE
& S0 0= P —EEA, WA
& T = —— | REWTEECL, HITONA
Tz Tmzoow (5, BRI B
g™ — FFPHFET (apoptosis)

S 0= T0——0 | ASMmEE, B
Sl 00 T . -p53skE
T H Thoweess | HUHIAEEE tumor
— ~ suppressor gene

4. BB Meiosis

w3, MR 2

- SRR/ REER
—== profo-oncogene: ras
= EH, myc[H (61
checkpoint)

FIGURE 11.22
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developrment.
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Bre—FREH + et iBENL 5 Edindependent assortment 5 HA &

l Reshuffle gene combination

= ‘LI—L:‘ A B |
FEMEfAE genetic Natural selection--Evolution
variability/diversity

7.6.5 BEITIE
AR B TC IR0 T R FH VR A P AN 2891 43 M7 0 T 203 AT
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— FHIMHIEHEIIRE  Vertebrate

Brain

Spinalcord > RIRME RG/EMEE: cranial cavity
‘ertebrae ) .y
Peritoneal - fijiflis; spinal cord #ifi; vertebra M

cavity

Cranial
cavity \ -y
[ > AHEcoelom:

Right — =" 4 . MfEthoracic cavity-fiifiifiEpleural cavity
R { (lungs); -Lx{iJliipericardial cavity (heart)
Thoracic Diaphragm | fEfiFBidiaphragm
cavity . S— [l peritoneal cavity (liver, stomach,
intestines)

FIGURE 49.2

Architecture of the vertebrate body. All vertebrates have a

N KL B NS == H
dorsal central nervous system. In mammals and some reptiles, ~ H ﬁﬁSkelefon: * H SkU”, yk H car‘hlage
muscular diaphragm divides the coelom into the thoracic cavity
and the peritoneal cavity.
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1. FHESIYIH) 4 P EEAA K. — S—

Tissues o Tissues
==

1) Epithelial tissues—membrane, glands (£3, Wik, (-, /‘t 7 & '
" . I > A -
) BEMEE B, E RS B g0, \\\agwi wﬁ:
LS 4 J’ﬁ e \
R o=
Q’

BNERRIRSLTT R, BAIME R RER  cmmmm

ium Blood
maneyr e
Muscle Tissues

T poy (PP T rr— /
:F‘ ,;Z ; T m— q g
s
\ 7 \‘ . g —— Loose connective

—— ~ z - ~ tissue
Smooth muscle in  Skeletal muscle in Cardiac muscle in
heart

2) Connective tissues—extracellular materials(fkgh, — o ommmeds

FIGURE 49.3
Vertebrate tissue spes. ithelial tissues are indicated by blue arrows, connective tissue
by green arrows, muscle es by red arrows, and nerve tissue by a yellow arrow.

XHF) o ocells+ HH i £F 4k (elastic fiber, collagen,
reticular fiber-fibroblast) + amorphous matrix
Loose(adipose tissue fli [l ZH47), dense (3% &5 2 2 21, ligament, tendon)
Cartilage ##, bone, blood
3) Muscle tissues—movement
Smooth muscle (viscera, iris I Ji&)
Skeletal muscle (long, multinuleate, ELf%4YL striated)
Cardiac muscle (shorter, striated, single nucleus, gap junctions-myocardium)

4) Nerve tissues—control

neuron: cell body+dendrites ¢ +axon N o Nodeot v

#hZ%; receive signal, produce and conduct e
cell
/ Myellnated
electric impulse ca region
ody
|l‘
Neuroglia #f £ I8 i 4 1 :isolate, \ ' \#@Liﬂﬂ

Dendrite Axon

support and nutrition
2. FHESIYIR RS

4 levels of organization: cells—tissues (4)—organs—systems (11)
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Herbivore X #iz)
Carnivore Az

- Salivary gland

Pharynx

Feophagus \

|

— Salivary gland

—_— Stomach
Gallbladder |
Prence, - = Pancreas

Liver
>

#h,
< Sman
i intestine
Cecum e |
_ e colon
Appendix
Rectumn
Anus

FIGURE 51.4
The human digestive system. Fumans, like all placental

mammals, lack a cloaca and have a separate exit from the digestive

tract through the rectum and anus.

Cross-sectio
intestine; th

K //jm %

FIGURE 51.12
‘The small intestine.

Salamander ""'

smw-
d £/
L I J

ity of Hydr, Bocaus
there is only onc opening, the mouth is also the anus, and no

openi
specialization is possible in the different regions that participa
in extracellular digestion.

Yl
Y

eciized for e bt

Omnivore Z& X4

Intracellular(single-cell, sponge)

» Mouth- ingestion (chew, swallow),
3 salivary glands (starch-malfose)
» Esophagus-transport (peristalsisi%zh)
» Stomach-store(3-4h), partial
digestion(70% starch, pepsin ¥ & [/ -
protein, parietal cell B4 fia-HCI; 4 A1 -
VB12--]

(water, aspirin, alcohol)

L) chyme®BEabsorption

pylori #u|7-helicobacter—peptic ulcers
(90% duodenum ulcer+ {8 7i%15)

» Small intestine-duodenum, *
Digestion (liver, pancreasli/It)

Absorption(Musca M4, 25 Evilli,

4k Emicrovilli-surface 600 fold)

Amino acids—active transport,

¥ichylomicron—ith 45

fthe small

enlargements show vill
and an cpithelia cell with
numerons mic

rovill
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vement through the digestive tract
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Gastrovascular cavity/li# digestive tractiiift.iki one-way

W, 18l

monosaccharides—[aliZ%i (Na+-K+ pump)
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FIGURE 51.16

The junction of the small and large intestines in humans. The large intestine, or colon, starts with the cecum, which i relatively small
P & Goms t 4

\W
/f —
Last poicn
ofsmab inestis
5 Appendix

in humars compared with that in other mamnals. A vestighl

> Large intestine-H fcecum, 45/ 15
ghlpcolon [4 451, R4 1, B rectum:

+ Absorption (water, salts)+bacteria
(VBy,, VB,, VB,, VK-clotting, gas)

« store (feces)

* Rectum -defecate (reflex)

» Variations—adaptation
ruminant mammals/z “3)4):

27 B
P2
& H

rumen(cellulose-microorganisms), M &
reticulum, ¥ 5 omasum, 4% 5 abomasum

Much of the food value of plants is tied up in cellulose,
and the digestive tract of many animals harbors colonies

of cellulose-digesting microorganisms. Intestinal

microorganisms also produce molecules such as vitamin
K that are important to the well-being of their
vertebrate hosts.

2. JHALEE

Table 51.1 Digestive Enzymes

Location Enzymes Substrates Digestion Products
Salivary glands Amylase Starch, glycogen Disaccharides
Stomach Pepsin Proteins Short peptides
Small intestine Peptidases Short peptides Amino acids
(brush border) Nucleases DNA, RNA l Sugars, nucleic acid bases
Lactase, maltase, sucrase Disaccharides Monosaccharides
Pancreas Lipase Triglycerides Fatty acids, glycerol
Trypsin, chymotrypsin Proteins Peptides
DNase DNA Nucleotides
RNase RNA Nucleotides

3. THMEER KAH KA

Metabolism
Eating carbohydrate-rich meal Fasting or exercise

Increasing blood glucose

Pancreatic islets

1 Insulin secretion
4 Glucagon secretion

Formation of
glycogen and fat

Decreasing blood glucose

Pancreatic islets

+ Insulin secretion
4 Glucagon secretion

Breakdown of
glycogen and fat



Table 51.2 Hormones of Digestion

Hormone Class Source Stimulus Action Note
Gastrin Polypeptide ~ Pyloric portion  Entry of food Stimulates secretion of HCI Unusual in that it acts
of stomach into stomach and pepsinogen by stomach on same organ that
secretes it
Cholecystokinin Polypeptide  Duodenum Fatty chyme in Stimulates gallbladder Structurally similar to
duodenum contraction and secretion of gastrin
digestive enzymes by pancreas
Gastric Polypeptide  Duodenum Fatty chyme in Inhibits stomach emptying Also stimulates insulin
inhibitory peptide duodenum secretion
Secretin Polypeptide ~ Duodenum Acidic chyme Stimulates secretion of The first hormone to
in duodenum bicarbonate by pancreas be discovered (1902)

F 7k 2 basal metabolic rate, BMR
PALANE IR [ PAY 4 RS DR 45 1 A A i 3 BT 7 ) S I e i

eating disorder i [ :

obesityfill i (leptin-adipocytelii i ZH £141 ff1)
anorexia nervosafiZ: 4 K £ (orexin- K L/l &)
o 0% ofies bulimia nervosa #HZE1E T £

FIGURE 51.22
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7.7.6 Rk ZHERRE R E
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WRLL TR 5 IR T IR KT 5%, e kA A 2
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7.8. 2 HFEHR
T RRBSIEI RGN LB, FIR T HESI MG R R S50 5 DI REAT L
A, BB OIS A TN TR RS KIRE, R LA E AR E
PRIIRE, KRR R R
T8 3HEAR (FE/A. B
s WIS SARTER: LA s 5 Thae: s AR RE
MR O IER NI E TR PRI e R
EEER A B RGHA, OAEMSSE, IHIEH SEER, O, IR
FE 5, ShAkeRAERE L, MiER, WAE, Ve mIGe, SOM 8
sk, R
7.8. 4 Bt R
—. BHRRG
1. Open and closed circulatory system FF& RIEFF 5 S RNIEFF
P planaria UriJEsIY0) BHEACTEIAEE: Ba SRS BoHE g3, ins 8
WEWD WS IE, MY A A

> Y Dorsal blood vessel
7

: e ‘Y‘\'/\% s }w—‘-‘l
% {C f{ﬁy A ani A
__,_4_77\ 5 % J
— 7\ . R ° ;‘ \‘\ :;:‘:r{zl Ventral blood \
Pharynx \Mcuth vessel 11
(a) Planaria: (b) Insect: (c) Earthworm:
gastrovascular cavity open circulation closed circulation

FIGURE 52.2 THE A % 4G, vertebrate

Circulatory systems of the animal kingdom. (4) The gastrovascular cavity of Planaria serves as both a digestive and circulatory system,
delivering nutrients directly to the tissue cells by diffusion from the digestive cavity. () In the open circulation of an insect, hemolymph is
pumped from a tubular heart into cavities in the insect’s body; the hemolymph then returns to the blood vessels so that it can be

recirculated. (¢) In the closed circulation of the earthworm, blood pumped from the hearts remains within a system of vessels that returns it
to the hearts. All vertebrates also have closed circulatory systems.
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2. Functions of vertebrate circulatory system FHESHEA RS EE T

AW body fluid E45: 41 P93k intracellular fluid (Male 40%, female30%);

YR # extracellular fluid (41237 interstitial + plasma IfL3% +lymph ¥k B2+ &%)

FEEINAEAHE: Transport iz%i: respiratory(02); nutritive(digestive); excretory (waste)

Regulate 1Jf77: hormone; body temperature (endotherm {Ei5.247)

Protect {44/": blood clotting ¥, %z B

Circulatory systems may be open or closed. All

vertebrates have a closed circulatory system, in which

blood circulates away from the heart in arteries and
back to the heart in veins. The circulatory system serves
a variety of functions, including transportation,

regulation, and protection.

3. Blood MLy B2 Bk 3 K T &g
plasma Ifi.3% + blood cells
Plasma: salts (PBS, NaCl, KCI) --osmotic pressure;
proteins  C albumin & & H, globulin ¥k & H ,
fibrinogen) ; metabolites, waste, hormones
Blood cells: 4y WBC+Ifi./]Mi platelet+£1 41 i RBC
erythrocyte/RBC --- carry O, and CO;,
leukocyte/WBC: Fidiifis (ki neutrophil,
R AL i eosinophil, FEHEKLILNAL basophil) , A%
N, ELHA (T AL, B i) — defence
platelet---blood clotting

4. DRI R EER S AR

4] —

Blood cell

Life span in blood

Function

Enythrocyte

120 days

©, and CO,
transport

7 hours

Immune defenses

Unknown

tissue macrophage!

Cellular immune




JiEFR pulmonary: SRAEIL H A 0% RV—IEIIK(ZE, 4)—Ml#BHEAT <A s He--fili ik
EAEID) —Z 0 LA

PRIEPA systemic: S 4AIM H £ 0= LV—E B ik (aorta)—im & 4 & -- b sk, ™ B ik (5t

UMD —4 0 p5 RA

b e K
rior = 3 ik
a
B
3 ik ,
xE Pulmonary Respiratory 7
. veins capillarie:
omicnaran v Tl
Ak 3h kg - N 4 g Left atrium
Right atrium ) &ZE‘;;A; 5
E ity % mitral valve
— 2
i i IR P
= ;‘c I Froba 38
Inferior Left ventricle
vvvvvvv Y -
T Bas i ik Right ventricle
(@) HLE  o©

FIGURE 52.14

The heart and circulation of mammals nd b rds (@) The path of blood thrc !.,h the fou
heart receives deoxygen dhlnoimnun. the lungs; the left side of the heart receiv
T this vy, the y s are kept completely separate. RA:rigl
eaile TV e fef vt

cre t. () The ngh 1 of the
nate ilhfd 1 mps it to the body.
lofs atrium; RV = ght

5. Cardiovascular system of mammal - cardiac cycle ‘U3 B #i

1) AR AN 5K — A A 3l A 3 B

pressure
gauge

MR ()P b IR 4F3: &\ ol O\ s O\

0250 ofso 0 Eso
o \s

E&T TS P S BRARG, s i B I R N s O U

Wi iy A S T, R LR BB K

Cuff pressure: 150 Cuff pressure: 120 Cuff pressure: 75
No sound: Pulse sound: Sound stops:

%j?; 5‘& E - L]&gfﬁ }_—E (ad u |t) B 75— 120m m H g anery%losed S;stolic ;)‘ressure Diastolic pressure
FIGURE 52.15

Measurement of blood pressure.

Hypertension =iifil & &7 5K H> 90; 4 +>150

The cardiac cycle consists of systole and diastole; the
ventricles contract at systole and relax at diastole.

2) Cardiovascular system of mammal - WFLENYO AL RS0 E 32

Bareh 75 Wit, — N0 EBCE 0.8 #b: GO U4E 0.11s, £F75K 0.69s; O =N 4E
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M
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SN (SERAER); HIRCTIR L)
PIE(P B2)

Zlifikarteries: HEEJE, FHMEK
(455 1f R AR X e )

Filik veins: ERET, MR
CIfLFE /M 10mmHg- - Jb* 1 B )

E41 1 E capillary: 2PN 41
B X (Bl RK - K )-
TEFR—0 J5 A2 #1137 e

7. Cardiovascular disease /U Il & %55

F ik FEfE AL atherosclerosis:

ik (et AR B0 k) A e e AR 5 A ] A ) i
7, Rk PSR .

Blood pressure; O JLAE LA & — 00 &

@

. — N 5 N
H Zj] E’f ( Iﬁ { *D PRI *Eﬁla FIGURE 52.17
C h eSt pal n ’ H7 ]( E /t % )-L /N) s L E)_L Atherosclerosis. () The coronary artery shows only minor blockage. (£) The artery exhibits severe atherosclerosis—much of the passage
is blocked by build-up on the interior walls of the artery. () The coronary artery is essentially completely blocked.

myocardial infarction;

oG :  AoifE FE— 1 X, stroke  (vessels burst, i)

7O MVE B T i . Pl s Pk g e PR R A, By ke (s
P APC); ial; MM

] B O B IR A5 S5 O i 2 75 Ccardiopulmonary resuscitation, CPR)

(L) SZRFEG O RIE RSN B M RS (2) RFESCIE IR CPR, skifdf4h
ks (3 PRERE: (D AR EHEMLE: (5 ZEMOIRIEERT. X

NAZJEARZ A% /b 100 K/min, BEAHEA 30: 2

. Respiratory system IR R 4;

1. Why we have to respire continuously ?

A4 —




PR /cell respiration: YH3E O, 724k CO,

CeH1206 + 6 O, — 6 CO; + 6 HO + energy (heat or ATP)

SN /lung respiration: 54 AR BT SRR

HERZ #
g ] 32 e (L2 3 A PR 8 AR AR -
?j | P B R G L, W], PIAE);

L e . RT3

- TG 4 5 3 A 3 (B Hino need
= —— WEEG)

; g“’ ;%K filgill (fa%)
FIGURE 53.2 ~Te Hfﬁ?@ (W?LZJJ%, l‘epﬂles,

e birds)

2. How we respire continuously ?
1 R RGHIEH 5 T8
1, &—WA pharynx—T# larynx--"< & trachea—2 = =

R bronchi—41 32 & - A K L A&

bronchioles---fifi¥fd alveoli (%= L zdif, #+E

i PR, 3120)

WA — RS, WAL I B
R —— N
KIED . AL R S S
S (S
W< inspiration—iic4 contract 53K FEE /@3 %
=\W =V,
< expiration - &F5K relax, k4558 = ===

filiy% & vital capacity; i8S (6-8L/min)
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Inspired air

PO>=158mmHg

Pulmonanry
artery

Systemic
veins

FPeo, = 40 mm Hg

X
PCO,=0.3mmHg Cv.,o.a,a.,
Po = 105 mm Hg

Po_.— 40 mm Hg
Poo, = 46 mm Hg

2) & HiEH:

1L #hfkIf1(200mLO2):197mL 418 A4 &

Expired air

vein
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Pulmonanry
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FIGURE 53.16
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Percent oxyhemoglobin saturation

B8 sz I3I88S
T 9 T ity

o S
1

Percent oxyhemoglobin saturation

22 38833888
g R

o 3
T

2C
ac

More 0, deivered
otissues

]

T T T T
0 20 4 60 8 10 120 140
P, (mm Hg)

=

o

| L L L |
20 4 60 8 10 120 140

Po, (mm Hg)

FIGURE 53.17

The effect of pH and temp on the oxyhemog]
() shift the oxyhemoglobin dissociation curve to the right, faciltating oxygen unloading, This can be seen as a lowering of the
oxyhemoglobin percent saturation from 60 to 40% in the example shown, indicating that the difference of 20% more oxygen is unloaded
o the tissues.

Lower blood pH (s) and higher blood temperatures

[BZRBEL: COL W JEE R I m] B4R P ) pH, 512240 N L1 3 A 8RN R

BRI R : HiMBimA AL, Fenl R AR 2 an LIS, X B pH B8, CO,

W, AAMAEARK O HALHERES 0, HHFE, M O° MR,

YARFIMOEAE HS Co, 44,

CAZESR pH FEARS R ),

[H]t =123t Hb

L —~Hb I RA N T B —Hb 5 0, 2581 + ~ A A& A~ & 5 .
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A MLARANI , Bl O Thisy, BUMAF TMAERS O 45, it H'S COx B,
CO, IR AR T A ML E A AEMK. [H] {2 Hb Sl —~Hb #4848
NRB—Hb 5 O 26/ t ~ A AL 7%~ & 5]

3) CO, iE#i: 3R

a1/
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Summary: MAEAKITIEE: 2% O, M CO,, LRI KR T4

4) WEIR R G EIRTE

Bl AR — KN B 5T (I e O BB AR P s ARk BIPIR IS s 42 T): RS, BER

B 3h#E ] — 2L 56/ medulla oblongata (WFIRHHX: WS A& T+ IS 48 T) 12-18 I
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SR BRI

AR Ak 22 /R 52 8% chemosensitive neuron

P 3 B A --[COZ] T - pH R - 247 I R 2 52 receptor—I& B #1476 -
P S T 5
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neurons

H,0 e Cerebrospinal fluid (CSF)
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Blood-CSF barrier
co,
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FIGURE 53.13
The effect of blood CO; on cerebrospinal fluid (CSF). Changes in the pH of the CSF
are detected by chemosensitive neurons in the brain that help regulate breathing.
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79.3HFAR (FER. HR)

Hode IR B RIS S TIRE,

e AR E USSR T, AERRIZIE HRS R R A AR Y

FEFIRA: NIEL, 183, WAL SRR B U R B BRI A e 5 ThRE,
PRWOE RS K G BV, HE4RI5 05 IR AR 58 B Al (A0 7
7.9. 4 HEDE
—. WA E R4
1. #2% Homeostasis s& A&y FEARHE; sh&F € dynamic, 1EIT40E P iH A4 BRI 2
BEAT AL T P B AE N A RS
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RGN, M5 b SR BT T A e A _ }_

e |t |11
B R LR R . pH TSI . 1538 TE 10 R

WHR = B SFWMm -~ PR HKIR N & D Wﬂ;iﬁ%ﬂgggzg A

FHXSE E 6

B REAH: Thermoregulation B HF5. Osmoregulatin BZ AT

3. Thermoregulation ¥R ¥

1) AFiE B ectotherm/poikilotherm: reptiles—47 Jy A4 iR 15 ;

SR 3% heterotherm: few birds and mammals(hedgehog)—24 IR i A8 ;

16 20 endotherm/homeotherm: most birds and mammals(human)
EL M rectum37.5°C , MK 0.2-0.3°C, s armpit 36.8°C;
JIAYEAE . B, A3 (pregnant)

2) Thermoregulation I8 &5 —(51) R A5 feedback (negative)

R ET R —T R (FEmPLH], e e

FANTFHE IR A% )

AN JE AR AZ IR B &2 2% sensor—1 5

W M s 5 — F A S —
RILEIEA—RNi 3% effector(B4HIMLE

VER: B A% LBEE shiver, JER72H234)

i) — i St D

ML 0 P L S L
ORI R B R A RS AR U PR TE S RO R, 3 0): i
OSSR O P SUR . (KRR i, IUB).



. HRE R (BB R AR WL 45 Osmoregulation 2FE T (K, #3RK
Kt 5E)
1. BN 5Ih6E
D 5t E
lung—CO,, H,0;
B liver— R RE G KGR —JEHL:
FZ B (thermo-, osmo-): VT fif sweat gland—7K, #, K& urea (FEF)D
B kidney: K, 2, JKE, JRER (HER)
2) Osmoregulation &% —kidney &5
B B2 )5t renal cortex: B /M, JT AL I NE, MU, SCRRAZURIINE
B BE/ renal medulla: BEFF ARG, MU ST A ASE
Ihfg A —'"5 #f7 nephron (1million) -
B/ B NER (N BRI BN K- B 415 )
B /NBE capsule(Fh 7S, ERZIT N

BNE /N, BERE, mih/NVE GRS E @A & renal pelvis)

1
& B I
Renal cortox / —
‘Renal medulia
12 & =
18 i
Peritubule
capilianes
) S Ureter FIGURE 58.18
NGNS A nephron in a mammalian kidney. The nephron tbule is surrounded by peritubular capillaries, which carry away molecules and ions
- that are reabsorbed from the fitrate.
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FRME R G B AT T ik IRIER, BEER, BRER, BARER, B (8
P, 2

'BiE AT kidney dialysis: IMENT, MEEEZENT GEND 5 B4 kidney transplant

3) B 7 nephron KT fiE- R A AR R

EHE ultrafiltration: & /NERK Cremove proteins B3

FEIRIL reabsorption: & /N& (7K 43 Na+, K+, Cl-, G, AA, Vitamin) 75%h ;

73 secretion: B/NE GEEH/ME, i /NE—K+, NH3+, FHESFHY)

BB AR RS 8 I - BB SRS RO RIB R E Rz )

FIGURE 58.19 Sowman's _ Proinal Distal tubuie

/ capsile Four functions of the Glomerulus /

\ kidney. Molecules enter \

f — HWWNM the urine by flraton out F ) )

2 v’ of the glomerulus and by é v 4

artin nto the tubules 300 r ¥

from surrounding

Secretion from blood peritubular capillris.
Molecules thatentered
the fitrate can be
retumed to the blood by
reabarption from the

1 \1 tubules into surrounding
~— peritubular capillries, or ol OB SB[ RSN DNt AL
\ they may be eliminated
\ from the body by exeretion Ho | o,
\ Excretion  through the tubuke 03 '3
Renal e ureter, then o the i dlio l H0|
bladder. 1200 R

2. Osmoregulation 33&E T —M LB R T

Total solute concentration (mOsm)

7K I W ) — TR PR R R

*I:::::::::::::::::::::::::"\

ﬁ%”ﬁ(iﬁ%‘([ﬂl%}l—ﬁi%ﬁ" ADH): HHTEH[_ZI‘ @Negative!eedback \
ﬁ;tm--mmemm

TR O IR, AETEAR S AR AEIF "

N iR & K R Ak
Thirst

L 908 346 25 T L 7 B /N LR R B 4
sitemomna | EJEES

Wb, TR T N RN AR ] K 38 B

(R K TR A, T B A X R X )i 3%

S

. Increased reabsorption
of water

‘I\i ( )FF‘ H7% ) ’ 7\% )7?‘(‘]& i& é’fﬁ ﬂs I'] %”ﬁsj iF % H,(J 9‘%% ll‘i —Uﬁ ;L?iﬁifigllzlzmone stimulates the reabsorption of water by the kidneys. This

action completes a negative feedback loop and helps to maintain homeostasis of blood
volume and osmolality.

7K i E IR

TR
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FIGURE 58.24 Low blood Low blood
A lowering of blood volume el | flow
activates the renin-angiotensin- ' @
' @
' l Angiotensinogen
'
Negative Distal Juxtaglomerular @
ista
apparatus
feedback convoluted L
tubule 1
' .y
: \ ' # -~ @
' Afferent Vs el \
arteriole 24 PicsEl Angiotensin Ii
’
' 1 f convoluted
otensin ©) Glomerulus . tubule
' 5N
' Adrenal
e of 5 Efferent o - cortex z
5 arteriole
ates ' Bowman's
' capsule ~
Loop
of Henle l©
Aldosterone
Kidney _

Increased NaCl | (8)
- - - and H,O
reabsorption

7.9.5 HFTE
KRETCH B INE TR RE YR . 48 BRI o0
7.9.6 Bk ZHRRE R B
POKESREABEERR, 2T B AR KA BE4ErR L ?

AT A il AR 7755 B RN O K T N AR TSR I I S A5 U AL AR R 4 R AR (14

Fe e /Y ?
7.9.7 VRATHE R B UL B AR SRR R
ZUOMARE &AW 24 LRI S E B AT .
7.9.8 2EHH (AERH—ETWRAEM)
(BRI B ) 58 4R, RS, HUE NG5k

=P
CPRESE S E A iS5 I BE) 4R, =R ER

710 HEEI T BIUE WHEHERE—partV—%R RS (2 25)
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7.10.1 #¥HH

BT B
7.10. 2 HFHAR

HEIRE RGP G R, POEPURGE S, 1 AT S A0 e 4T L AN S
TR0/ B A P DA S A A0S AR Sl 0 A0 B ) 7 2
7.10. 3 HENE (FER. FER)

Hod: B, AMARGAESE R BT B S N I R N 3

E R I G T e e 4 R e A A P 8

FHEAN A R, R RAER N, fMARSG, TR, %R, Al
B, 181 QR R B R 2 WHR bR,
7.10. 4 FEEE AR
1. immunity system %% 2 4;
% MUARXTPUR R 44 pathogen 51 2% 1 6 /7 (bacteria, virus, fungi, protists; cancers;
H & G, 8 allergy: % B MAE)G R ), B ARRERIERT B (RR B |
Je R A% innate immunity. UGN PE G N GEBIPUED D .
HI% RG TR % . AIDS(helper T cells), autoimmunity
2. AEHr 1B P —nonspecific, most effective defenses: {43 it [&--the first line of defense
—walls and moats 3%, 3 3 7]
Skin J7 k(W ER bRk, L2=BifE):  fA 5= (one month for renew, psoriasis 4R /& J% 3-4days);
VR, B RRRC i B s VA T )
THAE ., PPIRE. RIIFEE mucus; THALEE; MRYEMAEE(E. FAIE)

HEPELE]: omiting IXi:, diarrhea I§Y5, coughing FZW, sneezing FTMilE (expel fF
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HH 9 iR A4)

3. SR A% innate immunity--the second line of defense—roaming patrols (F4HfE; #MA R
g TILR)

FEE . B — BV . B ARR DA S R SOME S B inflammatory
response:

histamine #1Jl% prostaglandins 1 51 i 2 /& B G BB A 4l B B U 4k (5 5, B IS &7
ik, MiRER K, FRSEEINSBURKL, K edema; Zi&ER ik E 2 f
PRI neutrophils & 5t N B4R IS R H B BOR WY, P2 A MG pus e FHAE T 1%
JEAAR . A0 B AN PR R R R T i o i A I SR AR AN SR T A R, A
e 227 A A 3R -1 AR B A A2 1 A 75 3K endotoxin S5 IR T pyrogen 251 & T .
it 22 T Tt AR, (R B A BRTE Y, [R5 AR A R, PRARGE B AR K
2B R AE I R 3R 52 DA T B L 7 A A

\ JR k4 % JE )2 R inflammatory response:
PR M R 2K — & Ehimpulse

2’\"\7; s
Bacteria \\,r\ = $
ot Nog g ku MR —vesselsiFik
owos " i AUN
TR SR MK Copillary BN - A
- v

N o y . e
K Je B AR T i — i 1 40 B A A
o JaEs KT 11 A e
FIGURE 57.6
The events in a local inflammation. When an invading microbe has penetrated the skin, chemicals, such as histamine and
prostaglandins, cause nearby blood vessels to dilate. Increased blood flow brings a wave of phagocytic cells, which attack and engulf
invading bacteria,

*MEk R 4t complement proteins: & 4% 1) 2 A BEE
32 5 1 R S8(20 F);
MABE . AR LRSS SRR

PRR T RIRE > 7255 BAGURIBUR;
HMARREEThRE: WRALIERE S, W ARV K

membrane proteins

FIGURE 57.5

How complement creates a hole in a cell membrane. As the
diagram shows, the complement proteins form a complex
transmem brane pore resem bling the perforin-lined pores forme d

55 by natural killer cells.



W 5| ELR A M AT Ak BB EAR AR BE b, (R BB TR0 s RSOIE K 4 R
TR ARtk JERE SN

TR interferon: 3293 B I I £ 0 BEFRGUW 75 ey — A E H i

INF-0, INF-B: most cells can produce

INF-y = RE5E HOuk SN 35 S8 %A% 40 ) natural killer cell (virus, cancer cells)

ThRE: IS S A A0 A e e M R I B B s B L AT ) A R 4
IERIEERIS

Applications: ¥aIT LR TREE . OB BRI

4, EMN SRR N immune response--the third line of defense

1) MERS lymphatic system-1E3A & 4t one-way

Functions: [FIURZ RIHLBNIL; 8T BB, #i8 % MK,

ﬁ%%giﬁllﬁiéﬂiﬂﬁ’ ﬁ@%o 1 '.41; f,,Lymﬂi‘o&:;?";
S r“ a1 hymus

.. s . . P AN mas
Composition: ZL'H 4% red bone marrow: i M4 (M H ;,/, A\

A rPURRIGEN, FRVERIZNNG, BRTERIGEM, AN
WRELSS lymph node 0T - Ik L2200 H AT 0 4 i (A0 V0D

fi iR thymus: 73304 Bi iR 25 thymosin-i%5 5 T 41 Bl 34
2) 3N AE S 2 N immune response--the third line of defense

SRAF I S/ B4 9% acquired immunity-chicken pox 7K ;

Wz passive immunity: i )L ELHGE T G B SRAG RHARIFLAA

Prli antigen: JEEEAARIMEA R 21, ATEFEZADPURIOEEPUREEAL antigenic
determinant sites; & AR A0 B 2R T H A BENE VRN B R 1 32 A4 2 B AT SR R 7T
DAL A85 470 T 240 B ) e e 2 e 8 N2 S M
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PRV 9% humoral immunity-B cell (bursa &35 b2 b gl 2h)

YA 4095 cell-mediated immunity-T cell (Thymus Ji iz 5 % 24)

G N B — B A

Recognition-- X} A= & Fr E /Pt E )R w7 . FEZHHMEMEE 5K major
histocompatibility complex, MHC - self marker H iR

MHC [ (Fra4ii ;

MHCII (EMRZHAL, HHBIYE T cells (CD4"), Bcells) ;

TR ST AL R R S R AL BT AL, 7 A B AR RIR B2 AR IRk L 40 A (10™°)
Reproduction/division— % 5 73 %4 7= A& 5 & 1) Ik B2 40 B B 5
Differentiation—ibk E2 4H it 734k BSeRs A R 50 2 B A A A2 20 B«

3) ARG —T cell ELIEX PURGARREEANAE: SR (AT

Table 57.1  Cells of the Immune System

T Inducer -5 S TAUMETi: it TR
P Helper <BHMETAINOTh: 3 TAINORIBAHNG 4 7%
Cytotoxic-4iffi B E TAIME Te: H 5B T4,
TR A G A 4T D

n and
both T cell

o & Suppressor- il YE TN Ts: 4l 41 i b2
- B - iR AR U, A A S AN
| 3 Plasma cell-24HH: 7= 4 S b i

PO RIS BIE T 4 738 2 F il e B4
WA EEE T AR RO ey
RO AR B RE AT TC 12 40 LR -

Key role: helper T cells (AIDS)

Graft rejection & %% HE/%: MHC polymorphic, but because of their genetic basis, the
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closer that two individuals are related, the less variance in their MHC proteins and the more
likely they will tolerate each other’ s tissues—this is why relatives are often sought for kidney
transplants. The drug cyclosporin 3 1% % inhibits graft rejectionby inactivating cytotoxic T
cells I T 2.

T 20 J B S A B B AL # (1970s)
immunological surveillance:

Cytotoxic T cells(Tc), H 2R 31540 i
NK; IFN-y , IL-2

Lymphomas ik E2 9%, renal carcinoma 5

FIGURE 57.11
Cytotoxic T cells destroy cancer cells. (#) The cytotoxic T cell (orange) comes into contact with a cancer cell (pink). () The T cell

A o e e J&, melanoma 2B A &%, Kaposi® s
sarcoma < G AJJE, breast cancer FL AR

Marker proteins of cancer:

CD33+ R &R (FUAR MR Z5 7)) —AML Sk RETE F 1fp

FUERTT IMEAIRTT

4) I o %—B cell BJE BRI & BRE 5 o5 R e MR 45 & i i& antibody

B cell ifii 5244 5515 45 & (ML 1r);
T T 52 4 40 0 o T ()
EALHI Thi= 4 B A R - 2R3
BYH 184 5 P 1l A BT AR 14 ¢ 4

), (BURIBAH )R B2 12 BAH Y

WA Vg T P
SRR bl ELMEA 5

MKW, IR
S (RAZ) AR




AR YR G P B PR L

Rh A AR E 7242 842 ) LV LUGE erythroblastosis fetalis, 7] 77210477 5 72 /N
BB Rh EEEBUA, AR G, AR Rh BB LR RESE AR A 7 A T A

CAR-T 4% i5J7; PD-1 HfiHiindT;

OB R N CHFRXS A ORI HTR (HBSAg) « AF&mftik (#-HBS) .
e PR (HBeAg) . e Hifk (Fi-HBe) . #ZLPifk (Pi-HBe) . LAFFLIUREE, {24
R ERK AL, AN L R RIS AR . RIEPUE R SR ER A s
Ji, ANEELRYE, HERE SRR NAAE, SRR OSSR RAR &,
BN B AR Z RO BRI Y, (08 BT 3 SRR M . R
PRI I 3 G B AR LA, ZAER S DR, . $e52 PRI 3, 46K
ZHAERAYE. e HUFIEEIE LR EERYY)E, RIMBURBHTERN, S5 B E T
FRATE. e PUABIMEETUREE RS Bl #onyiik— R myE s 3-5 M,
ZHFREAR H LR 7E M7 PR 2 H ok ]

IR I RS TR b -

TABLE 3.1 Phases of chronic hepatit

— K=PFH: HBsAg+. HBeAg+. i-HBc+

“Immune HBeAg * Stage seen in many HBeAg-positive children Treatment
tolerant positive and young adults, particularly among those not generally —
infected at birth indicated, /J\:JSB : HBSAQ"'\ :}fl_,-HBe"'\ f}_‘E-HBC*'
* High levels of HBV replication (HBV DNA but
levels >200 000 1U/mL)) monitoring
* Persistently normal ALT required
AT gl S PR b LA P B R B RS CALT)
2. “Immune HBeAg * Abnormal or intermittently abnormal ALT Treatment
active” positive; * High or fluctuating levels of HBV replication may be > W) Y V2 T = =g e = » 13 =
(HBeAg-positive  may (HBV DNA levels >2000 IU/mL) indicated TERIFIEREFRAR, FHFALL “ K=
chronic hepatitis) develop * Histological necroinflammatory activity

antirie fr:SBe:/;g to anti-HBe seroconversion possible, IZE ” “ /J\ E [SH o Eﬁﬁ %E:f & 5'{ [X: /]} % % ’

with normalization of ALT leading to “immune-

S T A2 5 2 W3 K15 J9 R JLAPAR A«

3. Inactive HBeAg * Persistently normal ALT Treatment
chronic hepatitis negative, * Low or undetectable HBV DNA ( HBV DNA not generally .
“Immune control” anti-HBe levels <2000 IU/mL) indicated, ALTIE R : HBCA9+ Cimmune tolerant)
(previously called positive * Risk of cirrhosis and HCC reduced but
inactive carrier) = May develop HBeAg-negative disease monitoring g 5
required for Tt = +
eaures o ALTT} 5, HBeAg+ (Immune active)
and HCC
4. “Immune HBeAg « HBeAg negative and anti-HBe positive Treatment ALTIE YT, HBeAg' (Immune control)
escape” negative,  Abnormal ALT (persistent or intermittently may be
(HBeAg-negative with or abnormal) indicated =
chronic hepatitis) ~ without « Moderate to high levels of HBV replication A LT; 5]~ HBeAg— C Immune eSCC(pe )
being (HBV DNA levels >20 000 IU/mL)
anti-HBe * Older persons especially at risk for progressive
positive disease (fibrosis/cirrhosis)

5) MR SBE—HUkG R RE
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5 i
IgM: & A (6 )L); 3R S2 A4 -1 2% 5 3 B

AJ AF [X X ( £
AR TRE, T LAME RGEHAT A0 DX XA | ...
chain '\ =J L % e :;Jnga'::\ molecule

4 ¢ B ot

IgD: B 4 3R 1 5244 5
19G: FERPUARE RN -IRBRFENZ: Ariddi

wess - Constant region
Variable region
85

JE 5 TR, 73 B I BB

FIGURE 57.16
Structure of an antibody as a B cell receptor. The receptor molecules are
o

characterized by domains of about 100 amino acids (represented as loops) joined by
—S—S— covalent bonds. Each receptor has a constant region (purple) and a variable

I gA &I\ /’Z j:_“ ,TZIK uﬁ {/rﬁ & ! ?L I:I:‘ rcgiox; (vellow). The receptor binds to antigens at the ends of its two variable regions.
U allergy i H ALK #4 hay

IgE: (R REALIE SR o505, 550 ki

fever,

Summary: 5 J% N IR A R

THE I UONE RESPONSE

B R R el
10| Antibodies bina to - rﬁ{i};kéﬂ]ﬁ@ﬂ ﬁ%gé{ﬁ
' B R G o K T

Ly } s,? AR~ i iy Y et
v : i, Lt
? ? e -:', i E/, \ /ﬁf?mu&g
N, ’,{L-‘ | jt’A i

T mwm&mrﬁ"
SRS T i

celis stimulate
macrophages.

and kill them.

- ruse: =
\ with antibodies.
=3 —\ = @ Cytotoxic T cell
- ,
cells s
e vt Macrophage =
i -\
C S

- 7 Acllvated Interteukin-2
lﬁ ity I l‘ Soieas ¥ SSus. o = ‘
T () B M B N 3 -3 — B R B g2 -
MBI R TR o s

WA R TR A R -1

[ 8 | some & cous
become memory

cells.

A | intertoukin-1
activates helper T
which release

H45H BN AT B 1241 Fariotmins!
B R - 1A MBI T, EHMMANE-2

FIGURE §57.20
Overview of the

5. YIRS YA B R B A

Yy PR 5
fh2EB 4. toxin BRI SRR, & ABFNHIF);
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smell SRCES, BIERI—EDBE, WhREL);
B8-S KB, FHR)
PHER R—FEALEEER Avr(S): BEIRIE (H,0,);

V&/

}

515 51 % W o

nnnnnnn
uuuuu

samcsen  NonspecificAF 4 5
enctor NON=lONg-lastingdERKHH ... co 1ocat cet death 1R responsey and

B 19.8 HY5IE —FE R B RS — Rt Hish Y

(3] @ Campbell % ,2000)

7.10.5 FE¥TTiE
KRETCH B INE TR E IR . 48 AR Ao
7.10.6 fEML ZHE R R G R B
JEZE G B R A2 B RE 0 AIRAEN A% Qe 0 B HLBE G AN P B A% G # T LR
FH 7 1R AT T3 2
7.10.7 VRATHE & B0 R AR SRR EE R
HUTNE AR 24 BIRAOE S T 15 .
7.10.8 2% %R (RS —Z WA
(BREIGEE A ) 26 4, RS TS, £UTE SRS S5T6E
(PR R BG-E A A 5 5 SR 58 4 W, RIS

TR TT— BNE MK STIRE—part VN E RS (2 8D
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7111 #EEM
LYV S i
7.11. 2 #FBR
BT HESIYN - S5 ST RE, BREER MR EEERNE, TSR K
SR E SR CUnBE PRI ) LA I %5 0 IR AR 1 5% R
TIL3HENE (FER. R
B WAMRGEMAS. ThEe: BER R EEREE
M MAERCEAN, MRS NSRS R
FHEAR A BERERM LAV, ARG HR L ThEE, #ER S5 N5
APYERE, Wl SR RIS R B AR e D S BARE I OC R BRI R
7.11. 4 HEFITRE
— R LA
1. 7 X: Hormone: HRFE &% B BRAHMLAE R 8 RIS E HT R - B AR i, 1R T4
ST FIRL G B I 7 LR T RO A Al A B R ) 5
PRV humoral regulation: ¥ 2% I8 i A4 Wk A% 32 T A& 4% TR 48 F I O =R
4 endocrine— I ;
555y paracrine - 1EFTRHHEAHZ (PG HIFIIRE):
PR3 Wb —AP 2 4 WA L (T i) neurohormone/neurotransmitter
2. WEMr K BIEMEMAED. WK, B LEERR. ZFELERE:. yp
Z k35 ADH, 7= % oxytocin;  (HEAA 5 H-FHZ TR
HEAPR: BRER insulin, BREIIHER, AEKEER GH;
REMEE: PR, B BB
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3. WeRMEHJr 5
D SNSRI KBRS (MERMER, § EAREFSERIEE) « HRARER (T3)
2) SAIMIE L2 AAER . ZIKIEER . EAKME—S S (CAMP, Ca*")

The water-soluble hormones cannot pass through the
plasma membrane; they must rely on second
messengers within the target cells to mediate their
actions. Such second messengers include cyclic AMP
(cAMP), inositol trisphosphate (IP3), and Ca**. In many
cases, the second messengers activate previously
inactive enzymes.

FIGURE 56.5

The mechanism of steroid hormone action. Steroid hormones are lipid-soluble and thus readily diffuse through the plasma membrane
of cells. They bind to receptor proteins in either the cytoplasm or nucleus (not shown). If the steroid binds to  receptor in the cytoplasm,
the hormone-receptor complex moves into the nucleus. The hormone-receptor complex then binds to specific regions of the DNA, wiiodothyronine, with tires odies. This hoomone o
stimulating the production of messenger RNA (mRNA). complex then binds to regions of the DNA and stimulates ge

FIGURE 56.6
" The mechanism of thyroxine action. Thyroxine con

ters the targer cell, thyroxine is changed into
10 nuclear receptors. The hormone-receptor

FIGURESSS |- i 4 JUL AL A 4170
The IPy/Ca** second-messenger
system. (1) The hormone epinephrine ineohi
e binds to specific receptor proteins on \ o
=53 T o the cellsurface. (2) Acting through G
proteins, the hormone-bound receptor
""""""""" activates the enzyme phospholipase C,
il which converts membrane

5 = phospholipids into inositol
- rote = ‘)— trisphosphate (IPy). (3) IP; diffoses
= through the cytoplasm and binds to
. - z) é\,\ng @
T ‘)7 reticulum. (#) The binding of IP; to ts
@ (= receptors stimulates the endoplasmic

"___'\ reticulum to reease Ca*into the
cytoplasm. () Someofthe released

Phosphoipase C Plasma
membrang

D000A0R0A0AR0A000000000000  1AAAANAAY

receptors on the endoplasmic
R B 7E I 4 B P9 i E A Ca* binds to a regulatory protein called
phrine on a liver cell. (2 Epinept calmodulin. (6 The Ca/calmodulin
complex activates other intracelluar
proteins, ultimately producing the
effects of the hormone.
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Hormonal control of thy
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Table 56,1 Principal Endocrine Glands and Their Hormones®

Eadocrios Gland Turges Chemical
snd Horoaons Tisai Priacipal Actisas Nature
— POSTERION LOBE OF PITUITARY
o midiuretic hormore (ADH) Kidners p——
AR P ,
A Do
y Tryroid-etimuisting hormone Marmmary glands
2 sy P R—— -
. ok \
Thyrows gland - o Many organs Stimulates growth by promoting protein synthesis Protein
LR M FAME. T Advenal costex S i e il e Popride
\ ot Gva
gl - \
- & FEFII L
audl Gonads
s & r
Gona:
‘cortex Follicka-stimuating .

£

| |
A, # KL Hox i

% e slating
. Em L / ’
\ ' R P m i ) Mot cells.
‘c‘ © Cal Bone

-
4 y "‘..; = Caleionin
O P < X
ok Mammary glands PARATHYROID GLANDS
-
Tosts

= o mamm Parathyroid hormene.

rmones of the anterior and posterior pituitary glands. Only 3 few of the sctions of these hormones are shown

=. BESHS
L. FRIGHE goiter—GRL, FIT, PR (PRI -~
AR

2. FHIRIEAREAS: WUIRSEIRMR PTH—R i 5%, 1.

BRI, MG BT, MBEERAR TR FEESER CT

WRHRDEI ST A ) -~ RF IS AT R AR OV
3. MBEKR RS

i 2 insulin-B cell ..m., "’"”"\7“ /“"‘"‘ %
Jifi = L 2 glucagon-a  cell

B T R R & 3R OB R PR ) --B Al Thme

Yei TERIBLIE Jgp -

FIGURE 56.2
The antagonistic actions of insulin and glucagon on blood glucose. In:
cellul i i
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RSN - B AR EARE (ER R . BRI

LSRN STEME-E EIRBERT, T N4 o 52 4 S

b iR R B LR B R

5 ERRES0%, £HELIRE HEREE (REE) BN
20%--WedE 5 BTt WEIONR. B OBRAAHET, Ko ERED ;
B, BEFLECRUSE: (RBEREIR R REER CEARTTHRY/ R R

SR, PRI E30%; - (RitBERA. ARBEAIFE. R
o fE—4i g . M. HF. W
7

KBt n/aE GERD MLkl GfpEan @ OKIB. B, 6,
EaAED

ZTER#HSTRANZEME I T El-REE-E LRERE

7115 BEEFE

AR BTC I HOF T 1 R EER A R A AR AT
7.11.6 NV ZHE KRG R B

BETPL R 5T MK A G, Nt arEf? Eik
fF, AR P 5300 R A T S 2
71017 PRET AR H UL HAMAR SRR R EE K

AN E AR 4 LIRAT S H AT 7
7118 ZEHR (RAEEHE—FETRIE)

e, 23, %4

PR A a2 HH I

(BREIHEE BT 56 4 R, RS, BIUE SRS 56

(PRI G EE Y 5 T 5 S ) 28 4 hit, ZE3 L5
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712 }EFET T BNE IHWHLEHENEE—partVIHERGESHEIE T (2 %8
7.12.1 ¥ A

VAV o
7.12. 2 HFHWR

SARGHE MR RGN Al RHIhRE, ABIERALN =4, MAESH
He B U N2 RGN NIV ZN TS T M LUK B 458 5 Th iRk
T12.3H¥AR (FER. #RD

B BHESIIME RS MM S5 ThRE

MR BOE AL PR AR DL R AR A5 5 (1 ik

FTHI A PR RGMAR: MEICMEEN 52X, FfERMNFA 5k,
ZRGPARME S MR LR S S MRS R, MM ARG KINIEiH 5Tk
7.12. 4 FEEd R
—. MR RGEMAHL
1. AL

I—{ Nervous system }—I
HIRHE R G SMAME RS

Central F’enpheral

nervous nervous
|_ system —| system —|

Spinal Sensory Motor |[fEHHME/EFHHE

cord pathways pathways _|
EANE/BREHE r

Voluntary Autonomic
(somatic) nervous
nervous system system

A | I 2 /A 0 2

Brain

Sympathetic Parasympathetic
division division
LML R A B2
FIGURE 54.3

The divisions of the vertebrate nervous system. The major
divisions are the central and peripheral nervous systems.

2. FEARGER) BT —FPZ2 7T neuron
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M2 TUIHE A GE R e =P AR 2 T

FIGURE 54.2

3 e Cell body fifl {4
J&HAPLE TG Sensory neuron - Y Three types of

E neurons. Sensor
R Cell body Y

neurons carry
information about the

s~ A = environment to the

Direction of Axon A brain and spinal cord.

) L conduction e = Association neurons are
Dendrites Association found in the brain and

neuron spinal cord and often

BA& M4 I provide links between

Axon~" sensory and motor
i neurons. Motor neurons
ol :
body carry impulses or

1 “commands” to
Axon muscles and glands

/ - (effectors).
D —

S

2 5442 75 otor neuron Derdites
3. MA LA BN IEhE AL
M. HVFBriaer gl (o) ks VBB G

AL action potential: iR —RALIRES (AFSMED --Hl—E WAL — ek
o (W IEAMA-Na A --ElAE (KR (ms)

20 mv —
10mv—

=Taj=) s

Hyperpolarization

—50 mv |

e g omv Repolarization s =
i il K- flows out k L
2 —zomv—|
IJL_lII],['D][D! e m [(m)\m)jim [
@ N 2 _a0mv| [©)

Na* channel K o

| z

=70 mV =

A B3 M T A g ST T mm[]:
®

@D K* channel

FIGURE 54.10
Th i

ial. (1) Ar re:

PR [NaT] [KT] WRBEZE: B Tl @ g A [
3 RFHRIR

Fith: BSES AR FHEEME

L8 A A 22 BE AT Y 18] S A B AL A Bk R A% 3 saltatory
conduction, % GE B i T A HLBE A AR £

N

4. RfFIESALE: NCZR-FP L ARA)-cell — Rt £
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3T neurotransmitter:  ZMEAHA. BEER. 5-FR 0. ZEME. v -B2ETR
NCHZE)-N( R, Mfd, BhoR). g (RS ERE o BERKR CERAD

NEHEMEHEER (LR —Na R - BRI G

-7 SR S P

5-F i —HIARAE GRS T /EVeAg) + RBLJ50 LSD (Z Al —

L Jz-PHITR N h 884% 5-FR Ul 32 4k); VR B IR ER -SSR

2T

WHIEMZIB R GBI —CINTD « HER: £LEE— PD IHEARKIE, Ko RIE;
y -2 TR GABA—4 KT sedative (1 PH -1 4% GABA 532 {45 &

. MR RS TIEE nervous system

1. [ reflex-f4 RYUEBNHIEEATL A AETRXML RS CNS L3, fERrEMLss
He) ORGS0 FdbAT B, WL RS2 4 i i AR Rk S g s B0 il B e (LG
TR RS BEALS) MR (B2, BEAL MR RS) B TR SE R S i i
ST AR S B SIS A AR

BTIR: 2 & ENEEME . AR, AL ARSI E . A

B ——Ju R IN GEBRRA Te-- B DY SIS A s [ A oo 44 oo ) 4 2 0 0% - 400 )
BEN ML TT--JEHLEF KO

XA ) B Rz 2l R ) R 5T b S i [ )

2. M RGXS WALESINIRT - WIEME R GEYME RS

SERR A (HRRRE R G0 TR A A 28 BLIA RUSI3R E BE L) A AR R AR (T AT N £7-4E)
— M AT — A A (T 5 27 4E)— B ds N E AR B

AP 22 T M AR P A AL E A R e SR 2 sympathetic AR A2 i fH 4
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parasympathetic nerves
DhReRs e RUE A SN CRUmiE )

SO 5 RIS R 1L

%t E AT 2 3 R AELRA AN
O, T
R T BRI R: (23 E
TS R LR LIRE  BiRRE  BESW WA
A AR, %ﬁﬁy%mﬁ% 3
= = /{};-' = deil'ses H .
LR 3 i
BT CE, VTR
i S — K 2 B E S, B
BIBAE MM H—2: ZBIMACh ke o
R T il 0 s
?QJ‘;/%BHJQ(I)‘JW) Jﬁ{i&}f{‘ﬂ‘ H-:'i;
=, K

o GEHQRRR: BEERAER(pian zhiti), B[R, BEVA(4), RIH(4);
R B2 B /R R (#h TT M pR AR P X)), KRN R (M £ 4 2R %)
FER B —hRATE; WEME RE—TDE B
W —3ts S
EXHESX: ABEX (REMREFERX) ; FERX GERESERBRID
- EAFERTEEEEER
- e & electroencephalogram, EEG Gl XeHB - A3 fiives 2 B4 6 St AT 2 W
EhL
WE RGTHRE LR
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b i THEM  KEER  KRZFER KNG R

BERNME R BSOS AT, mEThee  BUAHE B SREd
B WV PR PP BEIRT. GAZ%sE MR H5. 2m

HEJR/ W, Oolfn R i) T % J0 ¢
B R, b B izl
Fas L CHPRErED 59, Wi AHAE. A
AR R H'5
(P fE1E)
7.12.5 T

AT BCF T R BRI PR . A BRI A AT .
7.12.6 ek = HE R R )G R
S B 2 G ) B E B B RE AR T 2
7.12.7 RETHE RO B AR RIS BRE R
BOTAE AR 4 BRI S B AT
7.12.8 2% BR (AR —EWEIE)
(RS @A) 55 40, RMEER, HUE ML 5Dk

(PR PR Gt 3 R )l 5 TR ) 28 4 JR, 3R 3% X5

TRBHFHELTE BRE BEERR-party (2 %R
7131 H¥HH
LA =
7.13. 2 H% B
R SRR e AR s e RSN A A e AR

WA e GEB-I X HMGER) » BTG AR e R NS UL H DL asf%
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I TR AT R
713. 3FEANE (FEA. A
B TR AT T R B SR AR 1A% R DA SR S AT

IS

Ml NRHILRLEALRR . ANE &S B0
FEHHS: PR, HRAGER. At RN 2. FEMER
ARG . O e, R BIRAME, ROEAS S, BHUEE
7.13. 4 HEE R
—. BAEKELXRE  Genetic laws
1. Mendel’s First Law of Heredity- Law of Segregation 3% & 1
RE& A SEAS parents-P. 14X filial-F;
2422 hybrid CRAESRZFY) « B3E self-fertilization ( A 4£#24; self-pollination) « %L test cross
CHESHESEAMN S F1 P2 A BRI R R E D
W PEFEA dominant. BEEZEA recessive gene;
AL allele. JEEEA7EE[R non-alleles;
4li4+ homozygote. 4% T heterozygote;
FE[K 7 genotype. K7 phenotype;

JF B IR qualitative character. U 4R quantitative character

When Mendel crossed two contrasting varieties, he
found all of the offspring in the first generation
exhibited one (dominant) trait, and none exhibited the
other (recessive) trait. In the following generation,
25% were pure-breeding for the dominant trait, 50%
were hybrid for the two traits and exhibited the
dominant trait, and 25% were pure-breeding for the
recessive trait.

KRR R pr— o 85 57 Jk PR ), S RC I, S5 ik PRI . 79 1 — DR 2 % P 1 (5
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— AN —AMER AL ThRE T .
2. Mendel’ s Second Law of Heredity- Independent Assortment & 40L& &

BT HER KA T dihybrid/ SR F 2632

< e
\ﬁ,"‘ -
< - 5=
Round, yellow \% /;,0 Wrinkled. green
seeds (RAYY) — seeds (rryy)

— [ F, generation
g
. All round., yellow
% seeds (RArYy)
>

3/16 are wrinkled. yellov

1/16 are wrinkled, greer

9: 3: 3: 1
(3/74+1/4)?

Mendel summed up his discoveries about heredity in
two laws. Mendel’s First Law of Heredity states that
alternative alleles of a trait segregate independently; his
Second Law of Heredity states that genes located on
different chromosomes assort independently.

F&RAERBIEERINBERSR:

1) A5g4 &M incomplete dominance: F1 AR AHBEE A 1. 2: 1, E&mEH A
2) EFM LR pleiotropic effect:

BHRNEMHRENN ERRBMERR, MEHL) eg. BIMELLEN CF: fiitk
%, . BEEELS, MENEME FRF): EBIG, ¥ BYK, Hih. Stass
TR, EHRE TR,

3) BEMERFBE—ABO MA; FLEH codominance AB;

4) AR JCHER LRI

RIEER (BLhER, BF M xianluo)
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bod i HiE HE I FiHEE

HE
TE

H
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b
[Eft

NZRBEFIBREER genetic disorder:

Table 13.2 Some Important Genetic Disorders

VIE

5
FE e

Domi / Freq y among
Recessive Human Births

Disorder Defect

Symptom

Mucus clogs lungs, liver,
and pancreas

1/2500 E IR A
(Caucasians)
1/625

Recessive

Failure of chloride ion

Ciystic fibrosis
transport mechanism

LT 4L

Sickle cell anemia Recessive

Poor blood circulation Abnormal hemoglobin

ik ) 40 R 3 MUAE V-E
Tay-Sachs disease
7= -B= R
Phenylketonuria
2 74 B PRAE
Hemophilia
i 7
Huntington’s disease
T S S B AE
Muscular dystrophy

it
yp%'ré%o esﬁtc?cm:ﬁ\ia

o6 JIEL ] A IfiL R

molecules

Defective enzyme
(hexosaminidase A)

Deterioration of central
nervous system in infancy
Defective enzyme
(phenylalanine hydroxylase)
Defective blood clotting factor
VIII

Production of an inhibitor of
brain cell metabolism

Brain fails to develop in
infancy
Blood fails to clot

Brain tissue gradually
deteriorates in middle age
Degradation of myelin coating
of nerves stimulating muscles
Abnormal form of cholesterol
cell surface receptor

Muscles waste away

Excessive cholesterol levels
in blood, leading to heart
disease

Generation

George Il

Edward
Duke of Kent

Queen Victoria

(m]
L Helena Arhur Lecpold

Alice Duke of  Alfred Beatnce | Prnce
Hossa Henry
N6 hemophilia
Irane zarina  Earl of |Princess Maurice Leopold Queen Alfonsa

< =
1 Nicholas Il [Alexandra  Athlone | Alice

Duke of  King
Windsor George VI

Princess | Prince
Diana

william  Hanry

Earof Waldema

Anne  Andrew

NN R

Prussian Russian
Royal Royal (]
House House King Juan
Carlos
o ovidence | [ No evidence
+ of hemophilia | | of hemophilia
Edward

Spanish Royal House

British Royal House

FIGURE 13.26
“The Royal hemophilia ped
Russian and Austrian royal h
royal LV 2 L
¢

http://www.quokr.com/post/666431/

fected indiv

AEZ R Le + (1819-1901) [ il ACHs 2k K]

ral

(African Americans)
1/3500 7 785 %/ A A\

Recessive

(Ashkenazi Jews)
1/12,000
Sex-linked 1/10,000
recessive (Caucasian males)
1/24,000
Sex-linked 173700
recessive (males)
Dominant 1/500

RIS HR T
pedigree analysis
W L B

RE 5
VHEE 4 SR

12 [ AL 5B v

A A 2 R Y L Y

FhFh LS L R4
(19174, —H ¥

3. Morgan s Third Law of Heredity- linkage and crossing-over 3452 # & 1

1) etz Ui iR L LA R ik DRI 2 32

FAE/R (1860s) FE HI AW PRI H a8 4% DR 42| AR ULl — 2 AR 2

GEHAT 1 5 - YR R e R 2% Ut chromosome theory CREAA 1A= i i A2 i e (B AR i1 47
AN AR B BB R AL s R R AR
JEE IR AR (1900s) 38 it g 1o AL s 86, INIRBIZE A T etk b, FRfEgeta ik b2 B2k
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PEHED ) --- e € R i I TR 44
FHE2 I8 5 R 206030 (1909) /£ Rt 8 ) — i iE3e s “FEH” .
2) PRI sex-linkage inheritance:

FH A G E R BT 395 217 (10 5 TR A S5 A% I 55 P ARG AR (1 38245 5

XESHHL: AR, 28605, MW
Y EB IR BHZ (B2 AT

Mendelian traits assort independently because they are
determined by genes located on chromosomes that
assort independently in meiosis.

3) Morgan’s Third Law of Heredity- linkage and crossing-over 45132 # & ft— 7] — e o 4k

R R LA £ e

FEB linkage: i T — et i b LB 2 A M e e s

191761 TG B At R L T o 21F : LI5S

SEATER CHENR) i <l
Foeiietl AL - M > TAY BT w0 215 = L[4 oo
T R R R A |

X X H.## cross-over) - sz

B b b b B b b b
Ve ve ve ve vg ve Vg ve

j@@{(ﬁ |inkage group: ﬁ#}j‘%éﬁiiﬁ@%ﬁ B ARG B MR TR S b TR AN M A A 8

e —al LT
(fruit fly: 4 linkage groups, 13 601 genes) FERRAD ST

ER/MAE Barr bodies: WEVER AL B, —% X Qe fRBENLRE R 48 (K
TR RIS TR G BRI YL AR, AL T A% R I 2%
M.L.Barr (1949) M fih 25 20 B[R] S0 A — IR G /IMATT B V2 A
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RiHS: PR E (R IR/ME, y ME); PRk 12
K Klinefelter' s 55 k. BYESME— N IRDMAE, 27 47, XXY;
FRAMIG (Turner ‘s) ZREMiE: ZotEAbR, TER/ME, %A 45, XO:
XXY. XXYY; XXX. XXXY (2 /N R/MAD
= (IR - MEMERERE RGN, HEMEm

BRSO BRI X-EPRRE LA, Xb BE

(orange) EJz, ALK X-B = BB .

4) GetafRAN5r B disjunction:
Wk, B RGAIE (21 =)

PR SEIRERAE XXY, KNG AE XO

(62}

) 1A% %) genetic counseling:

2

28 8 BAT BAL BRI AR L XU LK PP 5 SR B PR S8A R

Many gene defects can be detected early in pregnancy, FIg 5 i pedigree analysis;
allowing for appropriate planning by the prospective

parents. BEx e i 7 0 A5 v UG R SR YR BEAT A% 0 A genetic

screening: /i % il amniocentesis CGEE S Y I ultrasound) B%%% ELHUEE chorionic villi
sampling 3545 fetus cells &4 % 5 JHEAT 18 A% 4317 -
1. 245347 karyotype analysis % & JE2 454 aneuploidy (e R% H o428) -JE 1
2. Rt Th#E /31 metabolic function analysis 4 B 1 E--PKU ;
3. RFLP [R#IPE A B EZ SPESHT (site mutation--genetic markers) -Hi ik
7.13.5 ¥E¥I 1R
KRPTCHBCETNEF BRI . 456 BOBLEL IR A 41 0 i .

7.13.6 fENL ZHER R G R
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BAMIEM B ORI JR R ? NSRRI AL I Al 7> LS8 ? AGHIm & st ?
7.13.7 WRATHEZ O R HAAR RIS BRE R

FUMINF AR 24 EIRATX 225 B 34T 0]
7.13.8 2 %H (AR —FEWEIHE)
CPRIARIEEEY) ) 26 4 0 RAMEETER, HHE Bk 52457

(PRI G E @AY A5 T 5 2 ) 28 4 hit, ZEF

714 BB BRE BESER-partyll (2 %5)
7141 FEHE
CR e
7.14. 2 H¥ BiF
E P& DNA S| DL SRR B AT, AR FAZ A W A% AR W B DR 3 0 1) S
[l T ARAS R AR et A% 420 IR 114 S 6 1 i
714 3HFENE (FER R
Hpi: DNA Zill; RS, B RE: EA AV BAR AR Y B R Rk 1) 22 5
M BRI K AR
FEHR A BB FEY] . DNA Gl SERFESE, SRR, A% ALY
BRI LU AR
7.14. A HEE R
. EREPTED Molecular biology
WM FFE2) itgizeest (1930s) « ALY RAEAuiZ b CRanfA: )
Morgan-- 4 i {4 2 i PR F) 24/ G 4k 2 3
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1. BLY) i 2 proteins or DNA? o S e
QADs R QO=T@D:

Griffith (1928) fili 7 4% BR B 55 {1, 556« e

SOLEREME CH#EM

R-FLRER ik (Toag )

How?

Protein coat DNA abeled
labeled with 355 with 2P

Avery (1944): #iifk. S ¥ DNA. FEAMZ K755 R

WS, Mg R—S #Ak, UEW] GRS ESL AL

Bacterial cells are
agitated to remove
protein coats. |

F7& DNA; o o 5 o o

Q . -
3 L

398 radioactivity 3P radioactivity found
L T A

Hershey-Chase(1952) T2 W B8 {4 8% Gk Sz 06 AR

2. DNA & il

BT T (R T EE %2 57)-1944 (What is life) -4 FH 23 i ) BA A= iy A5

Watson, Crick--1953 {Nature) -double-helix of DNA;

- {r B & il -semi-conservative replication; A% 4L & il -semi-discontinuous replication
Template strand #4k5%: 3” -5° (continuous); 5’ -3’  (discontinuous [X/I% Bt Okazaki
fragment);

Direction: 5’ -3 (DNA RKAHEFII)

5,
s
3 Uon
“Uegp
T‘(,r DNAZE AR
i First subunit of
4k Bpdgh Leading o ' DNA polymerase Iil
strand | r-
A Sogostws 486414 4 R 4
w/\b /. ing proteins
Parental
- RNAR ?«Wj N " DNA helix
OSSO
!vagmem pm\er e ,/jf %~¥ -4/./ -06 «0 »/0 wfsr
Bk iw / * Helicase AP HE R
!
Lagging \\\\_\, P""‘a* 5|
sand . AR Swondswunn of
\ B DNA polymerase i
Y - \ DNA polymerase |
s ff rrw DNAR4f [ONARASII
0 DNA £
FIGURE 14.16
A DNA replication fork. Helicase enzymes separate the strands of the double helix, and single-strand binding proteins stabilize the
gle-stranded regions. Replication occurs by two mechanisms. (1) Continuons syntbesis: After primase adds a short RNA primer, DNA
polymerase IT adds nucleotides o the 3" end of th leading strand. DNA polymerase I then replaces the RNA primer with DNA
—— nucleotides. (2) Discontinuous syntbesis: Primase adds a short RNA primer (green) ahead of the 5” end of the lagging strand. DNA polymerase

111 then adds nucleotides to the primer until the gap is flled in. DNA polymerase I replaces the primer with DNA nucleotides, and DNA

How nucleotides are added in DNA replication. DNA polymerase I, along with other enzymes, caalyzes the addition of nucleoti
ligase attaches the short segment of nucleotides to the lagging strand.

1o the growing complementary strand of DNA. When a nucleotide i added, two ofis phosphates are lostas pyrophospha
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JE % W) prokaryote: — /NIl A ori

gin of replication, X475 ill;

HAZAW) eukaryote: 2 MRAGEE £, [FIRFREAT XA B, MR .

3. DNA -RNA # 3% transcription
1) FesgiEdlh:
2) HF S

3) g ik: & 1kT terminator, RNA

4) pre-RNA &1 T J% A mRNA

 RINA O

@/ HE DKL DNA

CAMRRATAN NTtr TA T T T AT /Xa_,‘)o’
P

B ak
llﬁ;\lk{r

T ST AR »Onma—),

l ZE v

|

A P s A A S AT AT AT

CL A% SR SE R A RINA

A T AT AT

RINA % 5 Mg

- e o e I e T B
1 Campbell % 1997 5

5) WL HILT(64)
UG AUG-Met;

Table 15.1  The Genetic Code

A-U, G-C; K MH: 5 -3’

RNA & BF+)55) T promoter GEIAHT &)

.
’

X
G

P Pl 5 A

HHAMRNAR T

Exon Iniren
{cading region) {nanooding regicn)
L R ) ER R ER) D R |
1
| Transorpticn . ;
@ GENE | “rophl

gt~ T N1 D D Y R ) i

transcript
Introns are cut ot and
coding regions are
spliced together
| maEneT

Ve o st | )
) |

FIGURE 15.15

‘The eukaryotic gene that codes for ovalbumin in eggs containg introns. (5] The ovalbumin gene and its primary RNA transcript
contain seven segments not present in the mRNA the ribosomes use to direct protein synthesis. Enzymes cut these segments (introns) out
and splice together the remaining segments (exons). (£) The seven loops are the seven introns represented in the schematic drawing () of
the mature mRNA transcript hybridized 0 DNA.

UAA, UAG, UGA;

Second Letter
First Third
Letter u c A G Letter
u B Pheoybilmine ucu UAUY  1ycsine B Cystxine u
vuc vee UAC uGc @
Serine
uuA ucA UAA Swp UGA  Stwop A
Leucine
uuG ucG UAG  Stop UGG  Tryptophan G
c cuu ccu cau . cGu U
Histidine !
CUC  Leuc CCC  Pproline Ccac CGC  Arginine c
cua cca can 1 cGA A
Glutamine
cue (ooc] caG GG G
A AU teucine AcU AAR  operagine S0 Serine =
auc acc . A TE aGe c
Threonine
AUA  Mechionine; ACA A e AGA  Arcinine A
AuGg W ACG AAG AGG G
G Guu Gou GAU GGU u
Aspartate o o
GUC  valine GCC  Alnine GAC GGC  Glycine c
GUA GeA GAA GGA A
GUG Gee GGG &
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4. RNA - Proteins #H1¥ translation

1) tRNA FIRZHEAA ) 45 #

o TRNAK — 28 . =25 BRik: NI (mRNA) ;
o - I Amino acid j(-ng (Aﬁ- %{M—?RNA,
o5 attaches here o P'fﬁ: gﬂk—“’RNA;

B RUGED N .
Efi: Exit)
Aminoacyl-tRNA

Rz

the three loops of tRNA are unfolded. *
the ri during p ide s
e anti whict

thr on RNA. Amino acids at
the free, single-stranded —OH end. (5) In the three-dimensional = - 2 b 5
structure, the loops of tRNA are folded. M 21.10 BWHAMSH (516 Campbell %,1997) 47 BRI (RNA 4884,

2009, Nobel Prize for Chemistry - “AZ¥E{KLE I FIThRERT 7”7

2)  ZBE-tRNA &

3) R RIEESEY:. /PR + mRNAGEIEET) + tRNA-fMet + KV 3 (P)

4) FHREIIAE: ZAMBE-tRNA G H 1)-A fL— IR ERE R B (O 2R 4L P A2 Met it 28 T
A {7 aa JERUIKEE; AR RIS — M T (B -3” ), tRNA#4L: P-E, A-P

5) FHEEIZE: KRB —RME T (A)— 2 IR A ik

5. JEDRFRILMS

FIGURE 15.16
An iew of

mene ion in

6. FUEA S EU A R R 2k 1 5
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A ‘;';"Pmm"‘%’o‘»@sbzv’\o‘, 2, ‘\ B
DNA-mRN# '““ﬁ”‘kifxgcﬁg | ona
R = .. J hoRna-
et L — H . L mRNA -
Bl i BEAT o = =" Protein
RN | nggﬁm " PNE
T e "'f"“" @ mRNAD T

”%*i Ty 7 | AT

m— . (W&
noeisy , - o

7.14.5 #EETTHE
K ETCHIEE TR T BRI R Y. 454 B A 0 Hr AN flash 3 fE R .
7.14.6 fENLZHE KRG R B

BN AR TBALD R, AR NIBALY) o 75 2 e MR 251 7 A AT REAFAE LA E

T3 TAE AR 5 0 A iy A 2
7.14.7 RATE RO R AR SRR B R
HOMNE &R 24 BRI S HHR AT T
7148 2% (AR —FE B0
(BRp I m A 2) 58 4 M, RAHEE TS, HhE Bt 5ER
(o D) 304 08 A P 2B 5 5 D A 5B 4 R, RIS R

715 FFETTTH BRE BE5RFE—partylll (2 FH)
7.15.1 ¥ HH

5 )VE B+
7.15. 2 HFBAR



HHRE LI IE N AR . AR T IR L IhRE, AR EAL A P R 3R TE 1 %
715. 3 HMFANE (FER. HER)

o FERRA, AEERIT

e AT RN

FEHR A BUERAE ., AR RAR, FEFFREREE, W EEK DNA
e, FUREERON T, R A RE RN
7.15. 4 HEERE
7. What is the gene?

— I R 2 iR SR — i

Chromosome —t— —— — .

Encoded enzyme.

A P/ A P/
) [ (
Substate in \ &y Ey \
biochemical = N
pathway
l Glutamate \,—.‘ Ornithine s | Citruline —.; Arginosuccinate )—-»‘ Arginine
FIGURE 14.21
Evidence for the “one-g polypeptide” hypothesis. The chr 1 locations of the many a
Beadle and Tatum cluster around three locations. These locations correspond to the locations of the
carry out arginine biosynthess.

8. FL[KZAE genetic mutation
e tb Rk AF chromosome aberration:  JeafRLE #5450 H 1A ;
KPR RRAZ point mutation: DNA 41 At BAAN B AN AR, B 45 AR 40 g 58 A8 A+
A FEAH I RAS
WL R R AR
T2 & ¥ substitution:
B FE ¥ transition (MRPE-MENG, A-G; MENE-MENE, C-T) ;

PR IEE transversion  (FERMS-IENE, A-T PRIR4UAEZE M) GAG—GUG
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Fhg 545 frameshift mutation: fl ABUHER— N2 A (JE 3 FIEAEHD WmsE, )5
) = BRRAAR 25 7 ) SR A 48 R A el 2R

o—
@
b
” R ==
DNA o
iw:
u @ 5%
RNA G A C
& ® v
# Nk ?Fgﬂfl
CilE %)
[ RS
£1 0 e
i A% 32 3% A B8 LR S Ne BX
BE 2116 Bl LR £ ML X . A9 S NG ahl

=. RKFRIEMAEE regulating of gene expression

1. BEPIRIERE

1) F:[FFRIL gene expression: DNA #% e FNENE = AL A0 B (1) 8 A T Bl Bk 5 B
B A RNA 72 (rRNA, (RNA 55) 19l 54t REREMAMER T %V
. fEAERTE] CARRIRBHBEE) MsE CRFRZM. A SES 4EERER.
e PR R T B e S AR P R 53 5 /K O BEAT 2, 0 L R 2 S 7k ~F 4 o) B ke ERT e s
“IF-2%7 . T mRNA K& R REFIHTTERE S DNA KIRFEFFFI45 &k s2 il
6

Gene expression is controlled at the transcriptional and
posttranscriptional levels. Transcriptional control,
more common, is effected by the binding of proteins to
regulatory sequences within the DNA.

> EFKF LB transcription level
> HEFJE/KFERERE post transcription level

2) T EEE DNA LS
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VAL AT IR DNA XU BE 7§ KA (R 58 B LA HE PP 47, 8 I Rr 52 ¥ DNA 25 557
WAL G, WIEAN DNA G553y B MIRie. RV, SR . x

e o 48 S0 MM

[RIVR S5 A 3R, (A% A= W B A
W BREESHNRE SR

2. JERZ A R R Ak R 4%

1 K E LI T Lac Operon  (Jacob-Monod 1961)

TEBAT R EINERS S BB MALRE (A e B R AN LD AL

RY\T operon: HHTEINRE LA LA R USRS X CBLEE S 35 promoter
AL A operator) ZH .

GERIFEIN: LacZ (B -2PALMEHED | LacY (B -2PLBEHZEVERS) | LacA

JA 3T promoter: RNA BABELE S, A5

ERY\IELK operator: T K gm AL I PHIE £ 1 repressor (&S &AL, HRE RNA KA
RET 5 R T IT IR %

HAT BP0 55

TCFLREIS -8 2 5 BRI LRI BH 1 A 5%

Jo 1 W - RIS B 1 CAP 5 R 3 LIRS X CAP 45 & 74454, Wod ¥k



Genefor [ 4yi® B i PR IE 4 FLYNER I Sk Al

repﬁs%rliplmtem CAP binding Operator Gene for
iJE i _
Promoter site 3T permease yu. - o s
for I gene Promoter for Gene for Gene for
lac operon B-galactosidase transacetylase

Coding region

Regulatory region

lac control system

FIGURE 16.9

The lac region of the Escherichia coli chromosome. The /ac operon consists of a
promoter, an operator, and three genes that code for proteins required for the
metabolism of lactose. In addition, there is a binding site for the catabolite activator
protein (CAP), which affects whether or not RNA polymerase will bind to the
promoter. Gene I codes for a repressor protein, which will bind to the operator and
block transcription of the /zc genes. The genes Z, ¥, and 4 encode the two enzymes and
the permease involved in the metabolism of lactose.

2) HIEI RN,
] 2 9 L B AR A B3 - ] 260 B 20 -CAMIP 5 B[R~ CAP BRI ANEL -

RNA

X
G

BEARES Bl T EG, FHAEFURRAN TR, B2 & M goh e SLBE AR, A kAT

CAP

binding RNA-polymerase
site binding site
- (promoter) Operator
8 g %,—‘—' lacZ gene
g e e / A
s | 8 T — ]
g - Operon OFF
o & ey Al because CAP

is not bound

Repressor Operon OFF
both because /ac

S— et . ]
- - kﬁ:_‘—ﬁ 0 repressor is
= = bound and CAP

is not

— RNA polymerase
/ Operon OFF
because lac

=N e~ . =D repressor is
- - ¢ @“*‘-——_ a bound

RNA I
el potymeraee Operon ON
e - because CAP
= - Vs - - ‘>—-—f’ o L is bound and
- lac repressor

mRNA synmod} ia:not

7.15.5 5
REPICHIEEE TR FE R R E R . 456 BARBwR N B0 .
7.15.6 fENL ZHER R G R &
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K28 B 5 53 A% S R T BA% A 2 75 0 TR R LA 5 5 4 1 6 DR Rk R s L 2
7.15.7 IR AT RO R HARAR SRR BR R

BUTANEL &R 4 RIRAT S5 B AT 175
7.15.8 ZEEE (AARRH—F=EI)
(ORI EE AP ) 58 4, RAREE T4, AT B 5% R

(PRI G E @AY A5 T 5 2 ) 28 4 hit, ZEF

7.16 BTN BLRE #BESRRpartylV (2 Z8)
7.16.1 FEHH
VAL B WAt
7.16. 2 =B
IR FUZ AW SRR Sk Y 45, B SR I R B 7 P e PR A S il 1
BlZe: 7 i IR V5 S RUAETE IV i i 5 i 1 =B 34
7.16. 3HFENE (FER. B
Ho: ARV R Rk P
SR SRR LR AR e v s VA AR TR T B T R R
FEBEIH A B RA I ST RS, FFoKOPIIETE, RNA B,
VEPEPE RNA 873, Sl FUIIE R R & rh AR 4%, [RIVRR AR, [AIUR S AU AE
7.16. 4 HFAE
3. HEIZAEYINHER Rk
1) DNA )03 52 i JE R 1) 228
Dt A (Y B A 45 44 BT — 1% /)MAk nucleosome
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(W LZRIX) - Rt/ s (ARFEX) Wi CRUEAEE)

30
¥
®
=
3

DNA I\IIHZ THZ
- o complx c c CHy
/olhislones Nf4\SC—H N/ \C/
\ - | I —_— | |
N ) — i —
4 j c21 8C—H Methylation ¢ C—H
; o T 2N 2N
AP ==l o” N 07 N
= I | |
. | 24 H H
\‘n_ p— / Cytosine 5-methylcytosine
Exterior
hist
) eione FIGURE 16.18
FIGURE 16.17 DNA methylation. Cytosine is methylated, creating
Nucleosomes. (a) In the clectron micrograph, the individual _ ; ; it
nucleosomes have diameters of about 10 nm. (3) In the diagram of 5‘ me'thylcytosm.e, Because Fhe methyl group is positioned to the
a nucleosome, the DNA double helix is wound around a core side, it does not interfere with the hydrogen bonds of a GC base-
** complex of eight histones; one additional histone binds to the .
outside of the nucleosome, exterior to the DNA. pair.

2) Fry il 5 RN RIS R
LM BEPE LB RIAE R — 2% X JeOARAE MR IR A & 5005 AL AL S5 o 4 52 2k B 7
Ko

/—\ _
| Po—
nactvation

Zygote

Other cells

FIGURE 13.36

Barr bodies. In the developing female embryo, one of the

X chromosomes (determined randomly) condenses and becomes
inactivated. These condensed X chromosomes, called Barr bodies,
then attach to the nuclear membrane.

3) H AL S AR e %

SRk

RNA polymerase

VCPH B IE% : R T enhancer (5 EUE AL S5, =4 e
{3k RNA A e i) — B DNA ) = ¢ =

of gene

ek R 7 (5 R8T 8RR P A 45 S e st e 1 R \,
—
El}’ﬁfi) : mMRNA synthesis }

FIGURE 16.16
How enhancers work. The enhancer site is located far away
from the gene being regulated. Binding of an activator (red) to the

R N A BX A\ . enhancer allows the activator to interact with the transcription
2R H factors (green) associated with RNA polymerase, activating
transcription.

4) BEAZMMA RNA 58 )5 /KT 2---RNA  BI$2 splicing
W24 A split gene: JE R FPAEAE K AU AR AL X (& 1 intron) B 4a S X (4h 2T exon)



(R
WILEHE T — A —4% RNA (hnRNA)FIIN .. 5° g, 37 jnE, B9 splicing £ 44

R & . @ F N emEe
e —é. S
SRNASHATSEA L €
(RPN

Spliceosome and
looped intron form.

FUAE TR SR

5 end of intron is cut and
attached near 3 end of intron,

forming a lariat. The 3’
end of the intron is then cut.

: Y 'U"
AT B B T3 R R 3'%%;%719? *%; %)

spliceosome di: sassemues ’ h' ;‘
= i. -
48T PHE, @W . .
-

p
&7

FIGURE 16.19

WEFEPE BT 2 alternative splicing: JEIEAFEPIEIE T2, A —A RNA g 5= 4 AN fH
) mRNA, ATIE R AN FE SR 5T anBEeS KRR S ER ) CGRP AIEEES K CT 734l
£ N il hypothalamus #1HIR AR thyroid FIRIE .

—ANEREAFR B W B EA A AR REWE AR, RS HES R W

W4T B B A R e (S

T B hw hypo’rhalamus I
vawe /s o | e [comey

Splicing
pathway 1
(hypothalamus).

F iR B thyroid l
CLF o

l-l(-URI- 16.20

spl . The same transcript made from
one gene can be ed differently to give rise to two very distinet
protein products, calcitonin and CGRP.

4. RRARE HIHE R %
D ARG & E iR
Y% cleavage; FEFRE A blastula formation; J5 %R B gastrulation; &8 iR % B,

neurulation; #HfLiL# Cell migration; #%F &4 organogenesis; 42K &K E growth
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Vertebrates develop in a highly orchestrated fashion.
The zygote divides rapidly, forming a hollow ball of
cells that then pushes inward, forming the main axis of
an embryo that goes on to develop tissues, and after a
process of cell migration, organs.
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) I ERSEESUR
TR O JRIR DR R IE A B BN
Ferp REAR OB ] bicoid XUR 2 AW E f e Sk R AL ELS B ke 1 AR .

(a)¥FA: %Y

luw&m

B 4 S ik lmm

E9B;0 P R IR EMAR

° LI

FI BRI

|

[ o= Yozt ]
|
WAL Jr— )
bicoid ¢ Ak K #2ik EX1 2
= o =] B22.12  MEPESEEY bicoid JEIH SO K Y
T Osmm | WEIEREN (5101 Purves,1995) 5 %€ 2 Sk

T B AT B RO AL [ bicoid # F3K , JFR I ik
822,11 SRS B0 1Y 9 0 B BT BE (31 A Campbell /ps sy g g 06, 46 B0 IR — I — SR Hy
5.1997)

[FlY5 T L9874 homeotic mutation: 2%'E AL RIEHILS .

ERWE RS, R 28 B SRR 454 h [R5 = 2 25 (5] homeotic gene HiE (3 4
g - fik R 2 A A — T T AT S AT s O 5T S Rk — S AR AT R A

Drosophila embryo
Head

\J Homeotic genes encode transcription
factors that activate blocks of genes

e S specifying particular body parts.

Drosophila HOM genes

[F]Y5 5 2 HE homeobox: 7 180 MZHBRHII R T4, wid—NEH 60 NMEIERR T2 /K

FBG ARV PR R R AT BeRE. . B el ik,
(SN SIS SN BRI (NG
7.16.5 BEEHVE

ARHRITTHEF TR FEZR R E IR 456 B R MshE 248547 .
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7.16.6 fEMV 2= HE R R 8

SR S i LI VR G A & v ks VR G WK T i 1) B B DR 3R A TR 7 A AR ) R
RIK B ASE R SRAT K e K B PR e Sp NG 3¢ JE /K- e PR BT 2, I8 W] R
A ki 5RGRE?
7.16.7 PRATHE RO R AR SRR BRE R

HUTNE &R 4 BB S5 B0 4T 1050
7.16.8 2% Bl (AASIM—Z= T EE)
(PRBEIE @A) 5 AR, RAERS, BhE B 5T

(BRIE G E @AY A5 T 5 2 ) 28 4 hit, ZEF LS

717 FEFBELTE BAE BE5ER—partyV (2 %R
7.17.1 #FE A

SBIUE L
7.17. 2 B2 HAR

BARFER TR A R TR KBk, #4025 DNA BEABRER —BOPIR;
717 3HFENE (FER. R

B R TR HEAR. T HEY; DNA AW — DR

S s FER EE A R 13845 DA RO F A P P R 9 e 4 e BER

FER R B TR R GXIR 7 72838 BOR L SR& Bl M. PCR 50D
R T BB (PR&IVE N UIBE RE, RS ligase, XFESEH RTase) , L[N TAEHIAT
HAGHI %, DNA EAEIER — B3R (HIEER I3RS, Mg R A8k, kg 341
f, FEA TR K )



7.17. A HEFAERE
Vg, #EZH DNA &K Recombinant DNA

PRI DRI AE P FUBRR 2 IR SR EEAE B GO S g 4 DA S P i 9 5 5] H S PR R

WEEVIL-PROOF
PEAS

Not only has gene tech-
nology afforded agricul-
ture viral and pest con-
trol in ti id, it has

also pre d a pest
. control technique for the
storage bin. A team of
USS. and Australian sci-

pea plant. The enzyme
inhibitor encoded by this

HERMAN THE WONDER BULL

GenPhanm, a California biotechnology company, engineered Herman WILT-PROOF FLOWE!
a bull that possesses new\elu human lactoferrin (HLF). HLF con- Ethylene, the plant hormor
fers antibacterial and iron transport properties to h mansty v"° wers to wi

developi
ic salmon. Not OGMWMTMMWMMW
Herman's female offspril ngnowpmd ice milk containing HLF, and akes flower » wﬂ[mmm;’,"{,mm avrage 11t haver han
GenPharm intends to build a herd of transgenic cows for the large- M" ot desgiodiisoossdubpreldiind
scale commercial production of HLF. lastony 3 for worldwide food production mobmu

1. PN TRE AR SR HOR K F2 21 T A g

D

DNA EE 4/ K 5 4H R AR i &8 R AR A amid shid 12, 6 T AE MDA iR gt 4% A2 e
ANREAL IS FE A BAT R X

3 levels KF: UK CHMERAD « gk (GEfREED + 27K GEREA
1972 4, A -phage gene + E. coli Lac operon—%J5i & SV40--recombinant)

HZ] DNA A R B2 BN T4 B DNA CH BZERD R4S 5 34k DNA %%
RCEAM, FAktE T4 (IR BRI [ &k, IR RE H R A
VIR FE s AR it AL TRE/2E R T#2 genetic engineering.

SED T fE 775 5i % gene cloning: i BEZH Ba o B A4 3 N 15 T A e ot B AH A RAS AT ] 5
ZH DNA 9 #8707 HId 2

2) P TR SRR

AR RO B O IR FIKIOR s PCR 50K BV SO RZ H AL 7912842 hybridization
BOR: B IR Bl A FEL VR B 56 -
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(1) 4+ F#32 hybridization: F]H DNA §72E denaturation F15 £ renaturation 1) Ji7 2
LI HLEE DNA 43T Z [ E DNA 5 RNA Z [AIf{145 4
4 %08 hyperchromic effect; #8348 hypochromic effect
MIREZE: T (Tm) , pH: [GC], [I]
LbOOOGOOGOGOWC

..................
Hypochromic “ —

OGO ,,.f

.......................
T

¥

Hyper‘chr‘o ic
effect r&‘

WL

Separated strands

KA R LIR T LA A — FIVR BN iR AR M — 2218 BEIE. (GB K annealing) --#%
ZE WU hybrid duplex.

REL probe—rbric GEEHIERIAIZR, 2%) BIHEE DNA 8L RNA, H TR IEA BAMNT
VIR P

Southern E[13%F blot: DNA—DNA (E:EHEFH))

Northern E[l3ZF: DNA—RNA: RNA—RNA (3 [ [

WM RIBIRILE, mRNAJKF) ;

Western blot: Protein—Protein; Ab--Ag
(2) BAWEE/ N (polymerase chain reaction, PCR) --#&4} DNA 7 #3 AR

PCR XMtk %&: i DNA, 5141 (5’ i, 3" i) , Tag DNA R&H, DPURBERT =
Bi% dNTPs, Mg?*

3 reactions:

R 7 denaturation (95°C, 1min, XU AR % B4R AR AR
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fRIRIE K annealing (55°C, 1min, 5|¥)5 SBEERAR M B EANT HI4E 5D
TG AEMH extension (72°C, 3-5min, DNA RE&EEHEALEY) INTPs M4 3 A IF

IRAIRTZ 57 -37 JrFISEAH, & RHr 1 BN

Target sequence

— P ‘ .
1 ] J ’_'—r_|
[ 1
§ e L = —
Prlmers
— I O Denaturation l, Hea
— : ‘, Cool
8 copies
Cool oge = === oo
Cycle < o .
! 3 7 @ Annealing = ==
of primers i e
DNA polymerase mGuRE 198 )
Free nucleotides
- it
copies @ Primer
M extension

3) TLHMg

B 17 A DI restriction endonuclease, RE 7EHFE A s K R — FEde U1 Wt DNA )it
FBHRIER “FARIT” o BARRIERRIFES] GEFHD « 6-8nt [ 3CE5H;

PIEI5 R RGP R I sticky end; 352K blunt end

DNA 4%/ ligase: HEAGAHAE 37 -OH A1 5" -P K uig i B IR — M, RN 4] Bk
DNA-JE R #AE [T “REE77

Kl A Ui sticky end - DNA ligase, T4 DNA ligase

P55 Kt bluntend - T4 DNA ligase

S ST reverse transcriptase: L mRNA SRR S 4 58 & B B4 DNA (cDNA) ;

& BRI 2 AR T AR A S AR e (EIRT A RIS H[RNAase HIWEE, /Kfi#

DNA/RNA 752731 H1 (] RNA %)
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Aoimalcal o Stage 1: DNA from two sources

Rtk isisolated and cleaved vith the
atsies same restriction endonuclease. @ ‘
B v,\v v Restiction —>
Cé: B <« Gene of site
interest
_Lﬁ , Plasmid
Sticky
Stage 2: The two types of Recombinant
DNA can pair at their sticky DNA and plasmids
ends when mixed together;
DNA ligase joins the segments.
FIGURE 19.2
M l( Al
— Nonfunctional
lacZ'gene +

2. Fk D] o 1 JoR K
o, B B A R L 4 R R -
HAGHES (BEEHD ; —

Cleave amphibian
(2 DNA with restriction
26 ; - W = | endonuclease EcoRl.

fiibpic L (FrAERPUERRE Ampr, Kanr, .-

Tetr . LaCZ) ; / [RNA gene

%9 B 5 (R RE SUBIRH-SMIE B O Y=~
R \Cifi:c/ \\p;ci% N'|

'fj ){—i ) H |‘|/Reoomb1 - ‘\,\ ‘ ,.,,_7‘,\181 .

[0 plasmid

A= NE = 19734, EEAS. CohenﬂJH Boyer#%#l‘ﬁ%lf#ﬁﬁiﬁﬁ
ADRF Iy Fh/d, 7 DU '13 #Eﬁ%ﬁ%#’ﬁﬁ Mﬁ'ﬁf&ﬁ%lﬂlﬁﬂ’ﬁ%

phibi
'cd bvd1 estriction endonucl lle ita Iso

h > the tetracycline. The rRNA-
edim ;S(mllv Ie ing the amphibia nD\IAmhhe
pla mi |v~ th FnRI and allowing the complementary sequences to pai

R, AeamyHEo pSC101, pBR322, pUC, pET %414

zatt (i EeEAR, ARAEL, AkAE

3. HZH DNA A IR

1D 3R15 HBEE R RE BEY)™ A v B H 1) Be (/3 gene library) 5 A62% 5 B DNA;
S B EEE A e (R cDNA SCJF) 5 PCR $384% i 18 8 1 Bt

94 —



Intron (noncoding region) Exon (coding region)

Eukaryotic DNA PR S— N— — B S— R S —

!
l
|

i DNA polymerase

)

Transcription

Primary RNA
transcript introns are cut out

and coding regions are
spliced together
Mature MRNA transcript

n of MANA
RGatan of roveres
transcriptase

MRMNA-CDMNA hybrid

S R L A A H A AL R
LT HIcDNA

Double-stranded cDNA
gene without introns

Addition of mMRNA-
degrading enzymes

FIGURE 19.11

The formation of cDNA. A mature mRNA transcript is isolated
from the cytoplasm of a cell. The enzyme reverse transcriptase is
then used to make a IDNA strand complementary to the processed
mRNA. That newly made strand of DINA is the template for the
enzyme DNA polymerase, which assembles a complementary
DNA strand along it, producing ¢DNA, a double-stranded DINA
version of the intron-free mRNA.

2) DNA TR R R uiiE+;

3) H 4 DNA 7 TR N5 E40fE: E. coli,

|@i:

BRR e Jous e gt

i e el ek ‘bln.-ml,
ehores il be sireche

Bacteritcoll at i ot ke up pssmt
~—lacZ gene

] (ombunctionsl)

Fragment of DNA

A2 PR S
X-gal i (1 BE

amp' gene

3. A an i -
i

Colony with
recombinant
DNA
) 3
wmumawmm mmmu_w
ot resitant fo and do not form genes, are able fo melaboize
colories o meda containing this antibiotc 3ot 2 e s o ekt corsan X
FIGURE 19.6
Stage 41 Using antibiotic r Xegal fragment ok
th 7 he antbiotic ampicillin and (rnz(l«l):hnnnq\nml
oo Dbl il Xegal. (9 Only

P

incorporated a plasmid petoghuion 1 ampicillin and il grow on a medium that contain the antbiotc. (6 «m.-nu... resistant

acteria will b able to metabolize X-galif their plasm-l doe e conti s DIA fagrmen necred i he a2 g snch b il

wm Bacteria with DNA fragment inserted within the LacZ gene will
less in the pvm Xl

hea g
bl i

Xgal and, therefore,

A KIERILE ClE

unw tragments.

smnev tragments

appiied,
diffornt
at the top of "lane" in the gel faster (and therefore go farther) than larger
onas
(@)
FIGURE 19.4
Gel el . () Aferresrcton endonucleases have leaved the DNA, the fagaments aré oaded on a g and an lectric current

is applied. The oy fragments migrate through the ge! bigrer anes moving more slowly. The fragments can be visualized casily, as
the migrating bands Auoresce in ctuglid aporgls e () In the photograph, one band of DNA has been excised
from the gl for further analysis and can be seen glowing in the tube the technician holds.

PR ARIER (AR, RBRE RO

RS E AT T, R TR

NA polymerase
SATef (aioactvely tabeled)
SGTP, SCTP o

Primer

23
Single-Ziranded DNA of
unknown sequence

1A pramar s added to e
ond of a single-strandod
DNA of unknown sequence

AACAGETAGAGTEACTAG T
&

4 The radioactie iabol (GATE") aiows.
pattom o be visuaized on

he
 film.
Each conmn on s 10,0ne
4 1o Tour musctoottee, A s band in The
corresponds to 8 DNA ragmen that ends
the column.

X-ray fim The sequence
sized DNA can be read from

FIGURE
‘e Sanger dideosynucicoride sequencing method.

BT

1. Colonies of plasmid-containing
bacteria, each from a clone from
the clone library. are grown on agar.

2 Av-pmum-p-mum
by pressing a fiter against the
colonies. Some cells from each
colony adhere to the fiter

3. The filer is washed with a solution that denatures . Dnly colories contabing e gene
the DNA and contains the u.mmm ‘emit radsoactivity
probe. The

probe contains nucleotide sequences on film placed over the fitter.
complementary mnmmnlmwm
10 cells containing the

FIGURE 19.7

Stage 4-1I: Using hybridization to identify the gene of interest. (1) Each of the colonies on these bacterial culture plates represents
millions of clones descended from a single ccll. To test whether a certain gene is present in any particular clone, it is necessary to identify
colonics whose cells contain DNA that hybridizes with a probe containing DNA sequences complementary to the gene. (2) Pressing a
filtcr against the master plate causes some cells from cach colony to adhere to the filter. (3) The filter s then washed with a solution that
denatures the DNA and contains the radioactively labeled probe. (4) Only those colonies that contain DNA that hybridizes with the probe,
and thus contain the gene of interest, will cxpose film in autoradiography. (5) The film is then compared to the master plate to identify the
gene-containing colony.



Escherichia coli

Plasmid — Bovine somatotropin
o somate P TR A K
REME U] 5K 4
1. Plasmid is removed
and cut open with g
restriction endonuclease.
5. Bacteria producing
bovine somatotropin
— are grown in
2. Cow somatotropin » = = . fermentation tanks.
gene is isolated LS o N
from cow cell. & — HIERE
3. Somatotropin gene is
RER 13874 H r inserted into bacterial 4. Plasmid is reintroduced 5
3L & plasmid. into bacterium.
6. Somatotropin is
Gi; N cow ona H B3 B3\ #1 L S AL B A removed from
> . .
of interest g 7 B 4 KL bacteria and purified.
| R
N2 7=
7. Bovine somatotropin
is administered to
FIGURE 19.22 cow to enhance
The production of bovi ropin (BST) through genetic W milk;production,
engineering. Although BST is functional, harmless, and sanctioned by the

FDA, much controversy exists over whether it is actually desirable.
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R KEF W R B K (insulin) KB IR
(urokinase )
acl-HBEAM  WAsmmK  rewecw 1 OOR(ntereon)  BEH KNS XN
(o=l ~mntitypein) [ZE ] Pis o KB H# Wil %
2 7 40 M 42 K ol 7L 5h 9 40 s wm (interleukin) EE) )
( erythropoietin )

§ Rk BWMA T ol 7L3h 4 4 g 2 ]
WMAFE X AL 2 it

(colony stimulating
HBUFRMEIOE N I ) R o
3 factor, CSF)
(tissue plasminogen
activator . tPA )
A R TE I F K U

R RNF IS ] RBBOEA (oo necrosis
(epidermal growth
factor, EGF) fictor)
AWK K M [ 3 LR LIS a3 HiBh Z % AF %
(human growth ( hepatitis B)
hormone ,GH )

AP TR N @ s A e R B (GHD ¢ FUBRAEMIR N A (B B ATT

— IR PER A, AL A HLE)
T =

and cu
restriction endonuclease. =
5. Bacteria producing
bovine somatotropin
== are grown in
2. Cow somatotropin) » > =) b .9 Tonmiactalon tanks;
gene is isolated . 2
from cow cell. 4 —t 1
[ .
Swertont ik backeriol 4. Plasmid is reintroduced v
piaorvid. into bacterium.
m 6. Somatotropin is
Cow DNA removed
of interest
FIGURE 19.22
The production of bovine somatotropin (BST) through genetic
engincering. Although BST is functional, harmlss, and senctioned by the

FDA, much controversy exists over whether it is acrually desirable.

LY. (GMO) #FERI Tk (FiH, FiBRERD , KRE (FUFRE Round-up) ,
KEE (FLil. Pualfh. &=, BEFER) “HERK” . Pl

B-BEAER : FAKRE-FREOER KWL-pHIE RS REIER
Beans Aspergillus fungus| Wild rice [{aﬂodil

| |

Ferritin gene is Phytase gene is Metallothionin gene Enzymes for beta-carotene
transferred into transferred into is transferred into synthesis are transferred
rice from beans. rice from a fungus. rice from wild rice. into rice from daffodils.
FIGURE 19.21
Transgenic rice. Developed
by Swiss bioengineer Ingo
—- ” —_—— = — Potrykus, transgenic rice
Fo Rice T R 3
& P chvomosome S A fe fa e offersthe promise of
improving the diets of
people in rice-consuming
Ferritin protein Phytate, which Metallothionin protein Beta-carotene, a developing countries, where
increases iron inhibits iron reabsorption, ~ supplies extra sulfur precursor to vitamin A, iron and vitamin A
content of rice. is destroyed by the to increase iron uptake. is i defici are a serious
M PRI sy TREORGGRN  ARMEEKANE  problem.
i ki ImFe? ik HpHI %
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MO, R RS ML A P ARBTG5 AL T RE, e M LD A0 i A4 30 D
FOH B R AR R AR KRR, N B EAERREARE AR, T2 TR
B . ok REKH M. T 2HEY s
A ) Js T A 2 5 S O 5 POl AT 1)
TFERFARNER. MR &OARNEAL,
R A AR T, SEREYET. B

I R 2 £ B 3 BBBLRY, T FIGURE 1020 5 it (8 ghphasare) 045

C‘enetlcally englneered he b c1de resistance All four of the:
petunia plants were ed to equal es of the herbicide
Runl;'lhr\ t;\argntnll\ enginee rltul)e

%Bﬁ:ﬁﬁ? u‘l‘ﬂsn XX% l]‘l‘ N —AEF‘QS;FD gﬁﬁz N E‘ZIK stant to glvl hos te, the ngredient of Roundup, while

rh tw 1 the bottom were not.
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7.19. 4 R
. ARERESA Human Genomics
1 #&
HERAAH genome: —NERAGALM LY. —ANAMEE (LRLR, gD Pl MR
Hh BT [ 42 DNA (8 RNA) S5 T3y ARFRIRIZE . SRR 20« IS s i PR 2EL R
T T AR R 2
BRI R — 5 R % A B R R BT 51K DNA 4307 Chuman: 22+X+Y
R BT H)4ER DNA)D
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FHFH2E genomics: WFARAEMMIER AWML HRAINRERIRIY:. (1497 JEAEY)
+324 FHAZ AW AL R 40 5 51 7 —2007 45D
Bl N BB O 58 A ) A R R AP I H . AR AR AT, 2K, W4 RE R

HMFr, MUrgoree AN, &, KR, BRek, wheess.

BN A AW SR I 2% B GOLD

1JGI X i i

Home Search  Distribution Graphs ~ Biogeographical Metadata Statistics GOLD Usage Policy Team Help  News

Studles 31082 Welcome to the Genomes OnLine Database GOLD Release v.6
Siosamples 26245 GOLD:Genomes Online Database, is a World Wide Web resource for comp ive access to i { ing genome and
ing projects, and their associated metadata, around the world
‘Sequencing Projects 166252 L
Ay Elopects s 1. Register 2. Annotate
Organisms 288577 -
= Standards in
-] Nitey Genomic sciences
(e s ] —] 3 i

ot Publish your genome or metagenome in

Sediocduomes ! Register your project information and Annotate your microbial genome or open access standards-supportive

Metadata in the Online with IMG/ER or journal.
Database Ansotite’
Register Publish
NCBI Import Tracker
120,00} Enca |studies Biosamples Sequencing Projects |Analysis Projects
oo | |veaenrc 1o | s costn Gerons s 1
Mo NenMetagenoic 29537 | Ecosytems 5 Permanent Drafis 86,07 || Metagenome Analysis 15.316
Em::;hm & Incomplete Projects 60.754 || Metagenome - Cell Enrichment 935
Environmental 14.265 [© Targeted Projects 1.227 Metagenome - Single Particle Sort 2,721
Metacenome - Assembled Genome (MAG) 5.067

2. NRER ALK HGP

e NRIEBLEBE - B R R R Pras & BErRic o CBREE B 2 51k
RFLPs 7081, S HIRZAME SNP 72 Hr5E) R S R Gtk B IALE, 58
22 YL OAR DAL X AN Y Gett ik 4 B0 R ) 28 % [

bV R - LA TR P91 H) DNA v BAE PP AR 1 STS 9 “ Fthn” 5 LA
figZExs Cbp, kb, Mb) N EEERAL, ARBAHAE DNA 737 Bt tadh b prAb A7 & i I3

NRIEERHMFP - KL 30 AL H BRI s Fr o1 I, 2 7r 1K1, SRR
TR R YA .

X24-1 EERBEREAMFOBIEDDR

o PICE ] A 14 1) K FERR
ﬁ* — H oM s i% K/ Mb %A H 1)
HAWFI LR 4T - E.coli, HE 4B, yeast, &8 i | am
MR WS N B ( Saccharomy-| 12.49 5770 1996 4
z evisiae )
N e = SYAATAN K W ¥F i ( Escherichia| 4.63 41377 1997 4
H nematode, EEIT, HEAEREE, NR, KEEERERE A
7 A6 7 BRFF 4R L ( Cae- 100 19 427 1998 4
D norhabditis elegans)
I BB
/H /J tt X ﬁ ° 0L 1% IF ( Arabidopsis 115.4 28 000 2000 4F
thaliana)
M R 88 ( Drosophila|  122.6 13 379 2000 4=
— 101 — i
A ( Homo sapiens) 3 300 20 000 ~25 000| 2004 4
G ( Gallus gallus) 2 800 20 000 ~23 000 2004 ¢
¥ W ( Populus trichocar- 483 40 000 2004 4F
pa)
KK ( Oryza sativa L. ssp. 389 37 544 2005 4
Jjaponica)




3. NEERAIHR HGP #E %

2000 F— “ TAEZE”  (90%LL FIHsIEXT)

2001 FE— “ NFREEPRIZH I 7 [H BripEA” AR H s s e 3 73-3.5 /i
R

2004 4F-- 5% 99%)F 5, FEHAEEN 1/10 75, 4nfdSEREEH: 2 J5-25 Jif

N TN (0 5 VA eSS DR EE 38

ANEIEARF B E AR, TR R A

e T i BRI R N RIA I Ok RIERMZ D EREAIET
RNAE B BT 35— 2 T 60%[1) KA P AN 8 2 IR PR PE BT R RNA, T 4mis 2 A E A
J5i

AT DA — R R P S R T

4. NI H 7 I FEARHIE -

FE—4ME 5 exon+HN &+ intron (KFE, #H) ; AT 37 -UTR (JERHEEIX polyA),
5" -URT (5" -ME47 A);

1) K5 DNA—K#E5; (70-80%) LAF— 21 sl fiCH NHUE XAFAE:  20-30% ) F: P A1
DNA & i 5l B2 5 5 7 31 repetitive sequence:

R YE S pyIEE R A A ZOE 50 7 BE R 751 dispersed repeated sequence Al
HR Ik # &2 7 51) tandem repeated sequence.

2) SHERTY] — —BEhEEETA], LLEER) 7 5

AR EE T KN 4 BEEE ST SINE (100-300bp, 10 #4501, Alu KIE[ &
ERFEERTHEESFS, 100 73, 282bp, EH K HE T iim R X B 5 5 S A B
J: DNA S Hill4a6 55D MK AR E 74 LINE (CEEE #.58 1000bp LA E, 75638 0D
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3) BEREE Y] — HERIOEBHE;

AR R o RN E B PR EE R 70 . L2 DNA; /N2 DNA (F—#Ft A F A
TRIE], 2 SR e E R R H AIAE, NHONR AR H RERE R VNTR) 5 LR (EDH
3 IR AR FE(CA)N S EAMA(GT)n R, NHONKERIKER)

BHBTHEKE EERYN 43
T DNA 100-5000bp @i & Y £ 5 [X (S
%204
/T AEDNA 9-70bp JAEULEAS Wk
CES GEDiE )
T DNA 1-4bp 15-60, HEATEA PR 11 B X il A
GEV TR N+ ELERER & T4 EREKX

2004 4F, FEKATHRIRGE TAERTS R TS AELE 341 A gap AR BB Hp
250 1 gap FEGL AR ) T B, thoE 15 AR Al S AR DG I B LR 7 A . 1K S gap
HI EAINT BN . SR1 53 ANEAT 33 A gap Ar TR G tofh o [ IE K A6 22 R0 & 73, BA
R Qe AR AR ) sihs, ACREAER B, HLEA T 10 £% 250 4> gap HIR/B.

LRI IR A O T IR P JE R RO AR AN X I, AR AE AR PNER G IS, 38 3 0 DA
TR P AR S5 KT —— A LL PG o A A3 0X — X IR A 1 0 3 17 4 A

2016 4F {Science) & A HE A 7T R —PacBio H4: T SZHHIN R BT i i K IR IR
FERIZH . 2 PacBio KKl P B AR 444 Susie [ RAEIREAT A BRI . KB
Ko Ge s T L R EAT P 5 2045 PacBio FITERE 81 3 1 S K 52K 60000 AMFdE, JF
HAP3tn] L 3] 15000 A2k

DNA EEFHI 2 A B2 AR R 2 7T, EEI DNA [FHIR %3, JF B2
LRI, ERETRI T, FRH 2 CREESIE” o BT, Bk ENES
Feol, BHRCNTEE, WREFE RN A A AT . KDY TR S5 A AT RE 2
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— AR NG BENGR Camney LEA1E, SECIERMEMBEEREN G ENEK. 45,
K [ 3T HEAR R 2 IO FEN ST S 0@ I B R S S 80X — o I 8L R 3= . (HigH
BRI B0 A2 L R L0 16 J B30 R DU 45 5 . PacBio 24L& 7B RlF AR A K
LRI i S5 A e, AR X — o] R T T .
XL E RITRMARRAT B NN E R R, “— LG IR E S IO S A 40 B
MeThEE M R R, B T AR B A . 7 B, TR R B R R, —F
it ARHGAPL1B [ DR, At/ t— e B 5 UM A, RE A1 R T B S R 5 2 S A
(I TCECRE 4, 1T SRGAP2C F: A /& — AN B R BT BS54, RERE R B KINIK & -
CRERAEN ERLANER, RN FIE R AR, 7 [, mE R
TSI “ 5 AEAN R ) BESSE AN A R A IS A OC ) DNA EHE. 7
7.195 HEHE

AT BOF T R BRI R PR . 4 ARSI 50T .
7.19.6 RNV ZHE R E R B

25 NAFE R 7 41 vh K 1 8 52 5 HULE R R T R A fE 2 N 2R 5L R 2 A
T E TR 2 HE T CGRREAS, EARAS, A FRERAY W%
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FIRIE IR SCEY AR A% DL R IR LA R B ARG AU, A RS A AT 2 75
e
7.20. 3 BENE (FER. FER)

B EFERERIESE AR, HREREE

AERL: S RNE AR SR A

FEFIRA R SCRILFEDRE A W RESE A R, BRERAU, BRI, Bl
7.20. 4 HEARE
— BIRICEUL S L
1859 4F (WyFZi origin of species)
BRSNS B B TR LR B R 243 theory of common descent;  F ARIEFR 5
theory of natural selection
1. SCRFILIR] Bk A AR -
D Y EEA R - IR a St 2 (13):  SAISRA R SRR AEIARL, HE 5 B2 1]
T RAN R R 5
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FRREHEE, URMTAR

BEE RN, BZF. BHR

B 25.2 4 00 32 W M 96 R BB (31 B Parves %,
1995) (1 LW T A K M % 3 il A9 9 L 2 1S 46 4 e
0T IF 50 95 0 W5 T 82 T AR 00 9 140 L LURR T 3 £ AT 2 6 9
A O 0 0 9% S L ST I 00 5K L 1 25 R 1L B A R
J 6 25 g L I A A 9 L B s B R Gt 400 O G 2
15 ABSIE Cocos S 00 56 7 ME A MK LA/ B S N B .

2) FCEURE AR — A MESI YIRS A . R EE K ORI AR B 3R RIAH S B AR AR,

PERIEER)) o IBABTEIR vestigial features

Table 211 Some Vestigial Traits in Humans

Trait Description
Ear-wiggling muscles ~ Three small muscles around each ear that are large and important in some mammals, such as dogs, tuming
HWHEM the ears toward a source of sound. Few people can wiggle their ears, and none can turn them toward
sound.
Tail Present in human and all vertebrate embryos. In humans, the tail i reduced; most adults only have three
to five tiny tal bones and, occasionally, a trace of a tail-extending muscle.
Appendix Structure which presumably had a digestive function in some of our ancestors, ike the cecum of some
)4 herbivores. In humans,it varies in length from 515 cm, and some people are born without one.
AR Wisdom teeth Mohrs that are often useless and sometimes even trapped in the jawhone. Some people never develop
Vestigaleares. The keleto o b whie, 2 eresemaiveofthe groapof wisdom teeth.
mammalsthat contains the hinget ing Speies, contains pefic bones. These bones
resemble thase of other mammals, but are only weakly developed inthe whale and have . i . o .
D0 apparent function. Based on 2 suggestion by Dr. Leslie Dendy, Department of Science and Technology, University of New Mexico, Los Alamos.

3) GRS E-- MR A E : AN (AR, AIREMEES, PO
JIE CRTEESNIK S, e IR

Tail Tail
> 3
PR Y W AL BE BI(3 cm)
S e z Fish Reptile Bird Human
N T s P 3 — 4 4 3
P E CRESIK S, JEIER KD FIGURE 21.16

| 2s5.4 T A S 3 09 501 B KT C 31 P Staor L1997 ) Cmd> Our embryos show our evolutionary history. The embryos of various groups of
1R AT ME SN A A5 A U A 09 S5 A FE L N 01 B M A0 Ak B AL (b)) vertebrate animals show the features they all share early in development, such as
HEFT RS O 25 el FL S 09 NI B B U5 5 0L f0 69 285 45 L gill slits (in purple) and a tail.

4 HEVAEYE - AFEMEAEDCARESE: SR L
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5) 7> FIRACIUEE

& %h t e —
Human Macaque Frog Lamprey
—s :
: H
H :
H H
—_— 1 la> H
H
H
£ i
S as
H
L 1 f 1 L f T
1 1 1 1 1t .‘ 25
10 20 30 40 S50 60 70 80 90 1 OO 11 o 1 ZO
Number of amino acid differences this and a human one

FIGURE 2118 /M T HULIER— ﬁ*&dj%ﬂ‘]ﬁﬂﬁ[ﬁﬁhzmoglobm BRERFIER

reflect You can see that the greater the
evolutionary distance from h\urnns (white cladogram), the greater the number of
amino acid differences in the vertebrate hemoglobin polypeprtide.

2. ERIEFE2E U theory of natural selection:

1) AN T #% artificial choice-- f£1IF

ELLIEF R R R BEA T --new LMIEE - FiH

(EVRHZ S G — YRR
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FIGURE 21.13 Dachshuna ) AR

Corn looks very different from its ancestor. The tassels and Chihuahua

seeds of a wild grass, such as teosinte, evolved into the male pGure 2114

tassels and female ears of modern corn. Breeds of dogs. The differences between these dogs are greater than the
differences displayed between any wild species of canids. ___

2) WALAR AN CEAE )
E AR R Ul B P B SR s AR R R AR S AR R AR, TR
FERIIBh 71, +HhIgke &

FIGURE 21.20 i3 181 3.0 i .- - $ 5 o 7§
: ise most closa:lvyhrx-xmhlts South Ameri

A Galipagos tortoi

ican tortoises. Isolated on these remote islands, the Galipagos tortoise
a i, T )

e
3) #alF)yH# 1k convergence

AFEFYIREREACERE T, & BRI R B R A E R . A
[ EC Y ) 2 o BAZ R 1 B AR S M AN TR o [ AR TR GBS, anfis i 5h
PO TEOIM . FSE SRR R ST i A S AR DL SR S X R AR A Y A
ALK T A HE SN, B LA A R L TCAT S ) M Je A5 T B A 15 fa R AL A 2

Bldn: W KR e s AT BORE B AR R AR < B RE L RO B4R R 72K |
FHEEECE, (HAEWE T sCRAL, TR HARL: BORFE R B AR K A
I BRI O, AT AL AR 3% J7 2ORE T4 & R AR AL A B 4 it
BRER ISR G R R IRE, ArE RWILR, e Rmak, EREHIRMLL.
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4) #a5tiEtk divergence (430D

LR SEE R T A FEIAEE, WA FTT A R R . i RO — 2R S ) A
WHIZ 7 RIARWIR 8, WRR NG RNAR S . Bt (EYRAH bR 2) i
WHIFEATT 3, RAEMZRALRIZERL. Polar bear Jb#%AE (Ursus maritimus) A& M Az BE
(Ursus arctos) KK, SHPULRIEFtR, —ORUK) I —BEAERE A B 4 T H
K, AATEACH ™ FEMIE LR N, A JERALR . dbiRRE R B ER, SHEEIT—
B T EY: SRR AR, LEANIE, REEK EATEMAZEDR, FERE
PRHFERER . JbREN R, FRERAMEEWNE, MUE A TEEEY.

Helarctos malayanus
Ailuropoda melanoleuca
Helarctos malayanus
Ursus americanus
Tremarctos ornatus
Ursus thibetan
Ursus arctos ibilis
Ursus spelaeus

Ursi's arctos niddendorff
Mrsus. maritimus
Arctodus simus

"-;A z

7.20.5 ¥ H -
K TCHI B A E BRI E % . 456 BRI a6 .
7.20.6 ek ZHE R WG R A
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