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BE MEWESA

# 44 ( microorganisms ) , EEAMRE FIHH/ I EDBEAR
EENEZ EOHGR . EHR EAEEGHEAIERANEEL SB(bios-
phere ) & , AW BENEEACRRE KB EREER , BZLHFMA
H2AMEETRESTRRALFTNR. K. EREAMTEZBRAME
Bin , B, REWORIIEARRRVEEZERE, Bk, BARBLEYD
eI BaERESE TRE

i, EXET , BIRZERETRED 2 HEEOFA . KEA
HEFFER , OERMNT , BEEEURMELER ( vitamin ) FIFFE
( hormone ) FREFHELS TRBNAEEUYWEZEE . A, HRE

KRB KRR , MEDOIEFRATREENBER2 AR, RIIWER
EEREMNRTEEAMEDIER BB , LESELESE , EFEN
HERER TR EEERENELERF

BTZIEEEN , FERGEHMEDEREEHRHBRYEHY
ERME o EEMEMN ERMAY RENBRDEETE TEAEBFITE (
biochemical pr.ocess engineering ) , BRMITHELR S LEH—E
BRMBEANLCERERFKEREMEDEBNETR, %Eﬂﬁé’&%ﬁﬁﬁﬁ*ﬁ

1



2 HfIER

BRBRES ( nutrients ) HABYE , BLAR . KB WM LR DHET
REAZRES, I, EHFEKRBEERFF , B (HEHEHKPHER
WE ) MERIRSZEETLENEN . MEEYNERIZAEXRUER
WEREMEARMLENHMEDE  BEHRBEKEENS , 5 —HHEXE
AEBSHENELNNAYEBABR T HEREREEFNEBEY
, At , ABEXNARTREARE , K& , M4EwORSEESHS WM
BEZWE , A ETRIRBSEEN T (MBS |, 6 i07F & & (penici-
1lin MZEE ( ethanol ) %, HIt , BERREEMEDFIATE , EDF
A BEDERNEDBRE=ZE2HHEXRERTAME D BREREE
THERMEERRNAESREFVNMEE , ERMELB B HWEEL
Btk , LWARMHESE ©E biochemistry ) , % E 2 ( biophysics
) AR E LB ERK LR TEIRABTNEEREA , Bk, BME
TER—LEHBENBIRBENLE ,

B @ TERMBERNEEDEFNEFEEENRREBEITENH
BRE, IELEMRMEYDE—BEEEERENLEDRL , AT, &%
MELRGERERIHBBEAKRET . AN , ARELHEMNE
RARBUEMENBRAEMBOER L , KRB RTELERF 2 ERM
FRNEE, RURAERBNIBNEANZRYT AXRBETLER KRR (
friction factor ) BHEZER ( Reyhold number ) BIAYBIR—E .

LL Ay i 32 G 4 de %3
BIOPHYSICS AND THE CELL DOCTRINE

MENBHRNHZZT N BABREREEINAEBHERE . LUERBE R
BME , KAZBHMEDWENERDB0.1 ZXLUT , LEUK , MEHEM.
HitEHR B 7 X EHERYEEHENER  RZBLGBTEEY
BB ERMTERERN “£& 0" ( vital force ) o

EEBRNVELZHEN , R, BiMMESKERDE ., MEER
FEANMEDBHASNLBERER , ERANZEHRFUREEREZZY
REEHWHMRAELABRYEENE .. AREMAGH , SEEREBAREHA
BEWRNER , BEDERENFE, AR EEVIR T EEERTEW
HEEMEMEHRYE , ATL, SBEBRYERBUHRN Y RANITEAGS



-2 BWEYMELES, 3

REBERHBREET EERAZRZER . "4AWYER " —FAHRERD
ARBEMETRHEYENYERE S ERNER

BN A RTBRARRIBEE R , BALGR 1838 £, Schleiden A
Schwann BRI HAMEIRESR ( cell theory ) 2B , ZBRVRHH
WAEBRIEHMEBERREDTER , IH—K , REL TAGELREN
( basic module ) K EIT ( building block ) B9 4 ., & EIL[AE
BB aEEDRANBT I EBIERELRBN AAKET &
SFIGEEREREARS MR RARUFMBAESREARBEELKE
ZELE o .
EEIBHNBRERERAEFREBMRMABENIERFS LRSE
HNER, B 0TRUIFREEEEAARERIBINAZB R
AHEFIRESFRERMEMRE . MREXRASFENFERELTRRELED
TEHWREILE. FIRBRATTBANMRIIE 2t , BLRT B 17 EIRARRT
ELERRANELERE _

B, RPAFEEBRNEGEXHTFARITZHERBRE . VLA
B ( muscle cells ) BAMARRIEME ISR RS , B5HA
FSAREENEMR AR ( single-celled organisms ) , s8££ # 7]
FAREET — B Rey A = A FR B8 R 2k 7 B FIBR 47

12.  fm o0 A &
' THE STRUCTURE OF CELLS ,
ETERSEERERBYEFRERBRHERNMEYMR  BEARES
MmABEEKRRE , BEERRMEAEBRTMIIEERRB AL I
LYAMB AR HER .

12.1. [FE#EHABRE Procaryotic Cells

R M B ( procaryotic cells & procaryotes ) , =AH &/ M fEE
M . ERMEBRBERTE , THERMMBBRRE L . KPR
BB ( spherical ) , E#R ( rodlike ) B4RIEH ( spiral ) , —R
805 B3R *, ( * 1% ( meter ) =10°ZF%k ( mm ) =10°



4 HEATIEER

Angstrom

units. A R EAL, A
36
Distance seen by 10 s
200-in telescope —107 Light vears Angstrom b B Ay A
200 AERSMATEBIRVEERE e i® units. A ?
Our galaxy ™.
301 COSMIC WORLD —10'°
#Er 0 okt y
FHEE
/
—1 Light year S
/
xE /// Length of man
Solar system —— P ABRE S
yN “E S /! —10°
lO'U = ’ //
/
/ ;
b4 Radius of giant algal cell
7
Earth g EEMlRzELR
HER /
/
/
/
/ ;
10— 100 gm radius of giant amoeba
 ABEBZER
10 e p W
10 BIOLOGICAL WORLD. 50 e e mmmm 5 b
B ¥ gy | Radius
20 P of Eucaryotes
_most___ ) REAER
J cells Procuaryotes
— lum R
RBEHSEZERE
Resolution of light microscope
———————————————— = 107 — Rud:us of smaliest bacterium
MOLECULAR WORLD BEEZHERE
0 - .
Hyvdrosen atom 10 —1’N\\ et Unit membrane thickness
-_— | ~N =3
. RN BEmzEE
P N
. \
| o CES LY T I
! P Resolution of electron microscope
Atomic nucleus \ o ~ Radius of an anuno acid
_ ATOMIC WORLD ™
FESTIN Lo
- B F 415 l BREBRZSE

1.1 FHERSBEEBZRTHAY , EVEBMEeZRBBEREKX .

B (em)=10"% (A&, angstrom) ] , BTHEBRITEEEME
R, TRERERGTEEEDOEYCONME—ERNLE ., B 1 Fr,
— 1B AE B B9 /N 8 S R BRBOME o RSB FRIP FE BT 9040 B I B (3 TS,



F-E BsEmRor 5

BRASEEER ) HANEERBRERSN . FEMRNEROREMER
10-"* ZBRAER, APETZ50H 80 R KT . EHBEMEIT , E—K

EAEReERBR 107,

Wi1.2 Rk, XWE (Esche
richia coli )Z W, BHEEYE
BERABARD , s URRAME
( intestinal bacterium ) . EE
ENBARSRTENER , EAFR
FROTFREZRAMBABASXE
E. coli tymse

EEMRmEEREREHREYES Bl , HEFEEMERTE20
SERBEA) . ERNBEBEURFRE , —BRX, EMAEEEERRE
CEE RS AXELXLFHEREBINEERS P RIER TN LFE
GEEEBETMERLIRZ KR, FRSAREXERNBEERRE
g .HREEEREYLER: SEREREBEE , U, EMFRHEET
EHBENERRY k. , KFABARZE 7 BEYE ( nutrient  flexib-
ility ) IBAFHLERE . FEARYRELRPE LS THBEE
KRBWREWLBTELEFE LFHR

E12RATESMEHELRES ., AR FEBEREN B (wall
), HEEH200 A, EREEARASRBRAERLISHEN N AE



6 EfIRE
% . BEZERENNHBMMAE ( cell membrane ) , —MEEHT0
A, ERBAEHEMREXANESE . HEOBRFAKE ( plasma
membrane ) , EEEAREBNIE  REARG TEMRERLRE
MG EREBSER , EMRAE—BEAMARTANERBES
EE " ( nuclear zone ) , B#f e EEEHIH.L , MEAIEK
B ELE REES ( ribosome ) , BEBEAMREETZE . ARFHB
FTaER9AEAEE ( cytoplasma ) 2R . BRR , EEHEBRT FERNEB
BERSE , BERIEEBEE ( cytosol ) o AN, EAEPACAREEHME
AT LUE B E ST . BRI IR B FARIKL ( storage granule )
ERIVENNBEBEREE—RAR2E , ANE FXELREEEM
RBy RS s B R I0EE

B TRBECER M HUENERE , RFEUE 1.3 FRHE
— R, g, TUBELE L EEE , SERERE,
B, EEMEMBERE A RXFSEEY A LERE  XaRE

( photosynthetic membrane ) .

ER

Ribosomes

A b B
0.0 Cell wall
) —
A HE
v Nuclear areas
(4
(4
o /4
*E KR
Photosynthztic ” e _,_‘/

membrznes EgkE )

Blue-green alga

11.3 H—FEiZgls , B3R ( blue-green alga ) , FEMEKESTESF*A
# ( photosynthesis ) MUl , AR E—BUHNEVHLBEF , AEGRANSEES
ERRENARS T, NTREXPERERMSEAEREI A& T,



B—E B4EHREN 7

1.2.2. ﬁ*}:’ﬁﬂﬂﬂ Eucaryotic Cells

E MM ( eucaryotic cells 8f eucaryotes ) MHEER , BELH
AR B , B MM LR ZMRA 1,000 210,000 & . FEEER
JHEBEAREBNE—H. RTRERLUDYHSEHRATE , E&E
REARBLSEER , E 1.4 Fr  SEMESR A B L
 RAIRBRE R L TN ELERE B8, EEERLTRRELS
WFHEY . ET—8% , BB RIBELEAREBBHEAEENES
il O

LA R iR

Muscle cell Nerve cell

FFF 4 B2

Liver cell

/

= i
Kidney cell

= - T >

=
BraR §

Sperm cell

W1.4 ABARRENKER .



8 E{AIRZ

EgMREATESHEZEREERSES , SENE 1.5 fME 1.6
RAEN HEERAAXERENTHER T 1L ( differentiation ),
HRABAI S BHFL AT, BE , RFVBIFEFMAIRYS ; ELERFT
RAEEMRESNEHEENIIE , LR , BRFNRESMRA —&
51

Vacuole

Endoplasmic

reticulum\

\ Mitochondria
LR B8

1.5 ﬁﬂmi&mmoﬁﬁﬁﬁﬁm@E—ﬁﬁﬁWﬁ%,Eﬁ*ﬁi&mm2@
FEBANEZEREE . SEMRASAGRAABUNRS , B EF R 8% XM
s B—ErFEmME BIES .,

EgMEARLEERLESMMRMYEMEEREME ( mit mem-
brane ) ., EHEMNEREAELEMIENE ( cell coat ) HMIREE
NEHNFBEREEMAREN. I, SRBwHARETE —BENMER
NE, EEAEFMAEMNBEEEHERBREEY , TS HELMERE
AEFUMBRAEREDEZ BT , 1%, AR, EEREEET



F—E WEHZEHEN 9

—E IR REAERES , B 1.7 iR o AR KSR BN i 58 6l B B2 7 18
B o

(HEKEAH®
Golgi
complex

Lysosome

AL

Nuclear pore

AR 2

A{ > Mitochondria

N IR
Endoplasmic
reticulum

Bi.6 EEFMizEFHHE (X 11,000) .

0 B 24 B R BB 4Bk AL ( specialization ) B EEM A B
P9 670 ( unit membrane ) . A—EEEMBBIHERL , B
RE#BME ( endoplasmic reticulum ) , #¢ 40 BREEEA M+ . MR
}EIE ( nucleus ) BEFLRBEZ R . EEHE , EEEZERT RENKE
=y, (T, REARRNEEER) ) , BoEFSAEBENRE
ZF, &ﬁéﬁE@ﬂ.ﬁﬁ@ﬁﬁﬂﬁl%qﬂ@@}Lﬂﬁﬁiﬁ( porous sup-
port) GEZEAR N SBREBN T . & 5 REET M0 A EEER R
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RREUSEBEFREAENSBENZSIRRETMESEMBRTES
WREREBLEA , TB , REERERHNELEITTEE 5k
B, ARLERER , £EERASBROREENEEE . AW, Mg
WEBEBEHR L ECRBYELEE . TAMEREERG AL, B
P B B KR R I L R 2 1A AR R TS 9 (88 {8 FR & ( chemiical

messenger ) . : :

# B BE

Mitochondria

AR

Chloroplast

43

P9 48 Endoplasmic

reticulum

B1.7 WBEDZERR . EHE ( chloroplast ) BETHARNGHOKRES
H i 50 60 R E 0AB B B A28 ( vacuoles ) o '

MEEREEMEEENSEERATEZ— . EEFARLMBEREE
MEREER , HSARANMESEE ( organelles ) o k£ ¥ (mitocho-
ndria ) BAEEBEHREEALTEGLOMEREE , FilEtREZEDRH
BT EERHEESE , FAEEEEL AR ASR N A AR
ARENRE  MEFIAXBWRERRIFEN XS KM ( phototropic
cells ) R, ##H8 ( chloroplast ) BIRMEAZ EEAIERHASHE (
BEMm1.7 ) . EHENNEBBR TEAEEN , URRMFSEELL
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REZELEZE o

HMABRSE SHEKESE ( Golgi complex ) ,Z# (lysosomes
) M ( vacuoles ) & , BT RE 153 1.7, —RME , EL
MABENDEESHCERESEECBAADHMRERELER . NE
RHREXARHBSZEEHLMOARRST BARRSYRENBRERE ,
ERRELEALEN,

EgManRaRfusaE2mlMmg ( cell division ) Fli
B2 B ( cell motion ) YRS . B N ELMBETRERTINBHEE
BRR , REBHFHEIBZLEREAMRINZBEERR

REMAENSEHLUMREENRABLAKKEMRBROTEE
AER, B, TURARASNESHERS LTREARMBBTNE
BMTLSHAE . AR EVENRHUBES T, F1EARSERBER
EHERMA , SIERFHUNMBETERERLUARKE

23.  fAAR 4> 8:E% Cell Fractionation

SRR MRSETNRER , HEEMBEERNARBEE
MRS EHRAEMIHZH . —BRME , EFEXAEAR , RAREEH
( cell population ) T KEMERE . BRMLUFMAKRSE , BB
STEE B2 —BHERRS .

B, B—HSFEK TR ( blender ) PHE , FIEMEERER
BERBESRPUEBHFERAET PR UMB S (ultrasonic sound ) fn
LIS #E ( homogenized ) , R , FIF EZNEREMARTHELRHK /S
MEREAELAHENTESEE . T—% , REBESE S EMRETN
ﬁﬁf??ﬁfﬁﬁ‘%( fractionation )

HRERFIRAME , BMIHE , BT EEFZERERFIARKS
RS H BN/ SBHEEZEZR 7 AR TOEREROERE
FIAHpERSSE X/ BRNEE . BB TEAGAFRBEAERD
BELTHT
P11 BMOBRENESHZHN: BLESLEAR,FEAP, ZHREENERS

EEERP,  BERAUHBSRIBLED , Rk, PHESERBELRTUwZ A
B ( angular uelocity ) FE#®, RIZEBAMEMERPILE , FTE TIMEN !



12 £HTREZ

W ZH S ( drag force ) =# 7 ( buoyancy force )

4nR?
6mu Ru, = — Glp, = py) (1E1.1)

XpU, RENE, FRREE

S
[}
SIS

(1E1.2)

G BB M EARINE E
‘ G =w’r (1E1.3)
HAZEEERBET  BANEE (UERBEANSEYK ) AR HFEE , Akas BN ( 1EL]
)&, FIF Stokes’ law KERHEN , —MUEHARHRENR (1E1.1)h , 5L
RREE1E1.1 ARr ANREERENIHZR ., ME , EBOBS EEdd , FE
ERMEEG BB LE IINEE NG,
B RABES SEANRUEr, BHI r, TR

9 He Ty :
t=e—————In = (1E1.4)
20°R¥p, = p,) 1y

Spherical

particle -

R B |

{

B @ \\/
Cen‘t_‘r;fuge ) f .
tube
C e =11
l | ‘LIL N Y

———————— Centrifugal force

1E1.1 E#SOBSEREr , BEAEHLOEPHBEARBEOBBRABRE , BR
SEENMBHEAFRENEMORDN, EROEE , TUHEEHETRAARZIEN
se g LB Do HEEK )

KR/ REEARNRNER LCEPBHEREEAENREAR , SSEEE
g% ( differential centrifugation YRIER , A& K. KEWES , kg
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RARHBOMIE , RSB , Bt , TSR ISR DB S (E 008 5 ieis — B i >
EitBimERER , Rk, 1§ LB P& ( supernatant suspension ) Dl & a#i%
BOERE , RF T S ANR RN ERY  EREEB RSB ONBERTEE
—RIIERKRS . BEERXTHE 1E1. 2B RRHEZ ,

= - Homogen’ate RED
— FBEE15,000g L5 SE @ LRESERENTABESHR
Strain J@ b |

Centrifuge Supernatant contains
supernatant at soluble portion of
15.000¢ for 5 min cytoplasm
Centrifuge
0 600g BEL supernarant
for
10 58 - Lhr b il e
at 100.000¢ RESEERRARE i
Ccnft(::fuge ‘ rrEr | v'{ f ok ‘: :
10 min 4 Est e
at 600 ¢ U 100,0008U u
f ’ B 1 /N f .
Nuclei and Mitochondria. Endoplasmic
unbroken cells lysosomes reticulum fragments,
b R R B 24 s WIRE  AEEH ribosomes .
P A

B
B1El.? AUASRLAREERAZSR , HERFOERTAIRILS .
BAt , BREERENROE , RAGEOE#HR B ERE (density
~ gradient ) WRENE . EEEMOFTARMAS 5 BEE /oM RS
, MAREZEFAHFBERED F ( macromolecules ) . M L2 % EHayZE 3
CHRNEEERESBOBRER , BESNSX@TH .
RO MBS BEERNERNRELSSLERY , 12 Emahler
f1Cordes MEHEZEESHERNBE WS, F—HHEE , FRMEWE
MAIAMEDE , BFE—KRFBEBRHFTRE ; BETHILETHSWAY
i, MRRE. £95F%, AREOEA—KERABNEELEY
o —MERIFM K E R R EA ( homogeneous ) , BENH K B &2 AM 1Ll
RBEHE, S, RERZHARBAKER B2 B FHTUEFEHGERE,
BE, lﬁgﬁqﬂﬁiﬁﬁaﬁﬁﬁﬁjﬁzﬂéiﬂ,Eﬂ%‘i%ﬁﬁﬁgﬁ"](hetemgenews
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) o Bltn , WEFEES , DMRNFARESESE—#& , MA , FhA—
Era@REaRER . REARERE , E—aRAMASEUNERSEYS
(mkrdeee ) BN EXLFEOARMAR . &2, S A REAEH
BREARSEEEE  SMEESTARSHES DR , FISEERR
RERSUENEETHE ., Bt , TSz EERERENERZ AK
B BE BB AR B 2 B BT B8 4k WL

13. %A th €24 H

IMPORTANT CLASSES OF MICROBES

S EAME L4 A ( Kingdom of protists ) , BIEFRHE
hHEBEYTE , HEwERBRBEEHEnEY , FAESEREYEB
RE—R ; B, EFaMREESHERN S ALY TE BN R L
W M, BpRAENRARSESEERMBZ £ .

Z1.1FIRBTRAEABMNEFFEAMBREALYR TRES
ARMEE LA MEF LR EEHER ,, 0F g ENRSNE
®.AENMERYBRER . BREBENHEURERENREHRSE .
BERREMEYERRRA LKA EBAZ BB , £ BH LETH
£+ WE BTRR ( morphology ) , RMERBRER - MAFRER . M
EMRVRBHERESEAME DB EERRER ( rate of mass tr-
ansfer) FUEMALERERYBEYHE KO KB H B ( fluid
mechanics ) , Bt , BRM , BIFLARBE 1.1 FR4EN LB 3 57
B,

1.3.1. $HAE Bacteria

Rl EARE AP, MEREE/AEE REEMRERE
o4y, HPEE ( species ) WHREN XA RFERE BT,
BRAE , BEKE ( capsule ) REWE ( slime layer ) , MIERBE
REMEE , EF=BTRNELAFKE(E1.8 ) . XEBHEREEFA
e, REBHE ( motile) AR HEMETMKR( 5% ( binary
fission ) JMETAME . Bit , MBEFLRMELHRAMBARAE



F—E BHEHMRES 15

£1.1 FEAEEDRAFTBEEHZTE

RELEDR
{ protist kingdom )

l |
G %A S 0 % i i 28
( procaryotes ) (eucaryotes )
|
#H B . § =¥ X E x 5 | FE &%
( bacteria)| |(blue-green alage) ( fungi) (algae) (protozoa )

W B E £}
( molds ) ( yeasts )

= Spirilla
(Spirals)

' Cocci
(Spheres)

Bacilli
(Rods)

Hi1.8 =EMEEX



