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General Laboratory Procedures

CHAPTER 1

Introduction to the Blochemistry Laboratory

Safety in the Laboratory

B. The Laboratory Notebook and Experiment Reports
Details of Experimental Write-up

C. Cleaning Laboratory Glassware
Glassware
Quartz and Glass Cuvettes

D. Preparation and Storage of Solutions
Water Quality ;
Solution Preparation

E. Quantitative Transfer of Liquids
Filing a Pipet
Disposable Pasteur Pipets
Calibrated Pipets
Automatic Pipetting Systems
Cleaning and Drying Pipets

F. Statistical Analysis of Experimental Data
Analysis of Experimental Data
Determination of the Mean, Sample Deviation, and Standard Deviation

Statistical Analysis in Practice
Study Problems

Further Reading
On the Web



CHAPTER 2 General Laboratory Procedures

A. pH, Buffers, Electrodes, and Biosensors
Measurement of pH
Biochemical Buffers
Selection of a Biochemical Buffer
The Oxygen Electrode
lon-Selective Electrodes and Blosensors

B. Measurement of Protein Solutions
The Biuret and Lowry Assays
The Bradford Assay
The BCA Assay
The Spectrophotometric Assay

C. Measurement of Nucleic Acid Solutions
The Spectrophotometric Assay
Other Assays for Nucleic Acids

D. Techniques for Sample Preparation
Dialysis
Ultrafiltration
Lyophilization and Centrifugal Vacuum Concentration
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Extraction and isolation of pure compounds

Extraction:

It is customary to separate the components of a previously
unknown compounds by extraction with solvents on increasing
polarity. With dried material this can be proceed by sublimation
and steam distillation on a sample, followed by extraction with the
series: light petroleum, ether, chloroform, ethanol (or 80% aqueous
ethanol), and water (successively cold, warm, acid and alkaline).

The further fractionation of the extract obtained is a matter
which has to be planned according to the requirements of a giving
situation bearing in mind the properties of the compounds to be
extracted. Except where isolation of essentially one compound by
crystallization, distillation, or sublimation is possible, the great
variety of chromatographic, electrophoresis, and multiple

distribution techniques play vital part in subsequent operations.
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(Immunohistochemical techniques to study

the extracellular matrix and its receptors)

Ak i 1. Review ZE e

1. Antibodies (Methods in 1. Zn-binding protein #4g
(Harlow & Lane, Enz. Vol. 245, 2. % & Fuiy
1988) Pp.316-346) Collagen |

2. Using antibodies, 2. 397 }l% Collagen 111
1998) <+ O #¢ laminin, = cgjjagen IV

3. &% nidogen, % Laminin
Immunochemistry collagen type 1V 3. % &
of the extracellular @ collagens Immunohisto-
matrix, Vol. I, ® fibroblast 2 chemical kit
Vol 11 marker thy-1 4. poly-lys

4. Methods in Enz. @ %3 5. 96 7t 4
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(1) Immunohistochemical (IHC) method
a. horseradish peroxidase-labeled reagents

b. alkaline phosphate-labeled reagents

(2) Immunofluororescence (IF) method

immunoassay
(ELISA)

B4
(1) staining cells
(2) staining tissues

(3) Immunoblotting
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1.Rr312

MR FER K ERF AEENER TS R AL £
Bk oo Gl4rdh R F 0 3T 589.0nm FAF RIS kR G 0 FE kA
PREZGEOBELEHRIES (transform) I H # F I RE

g

(eletronic state) e ﬁ*}ﬁ*xwﬁ%*ﬁfim?‘ yEF R FRE A
AR R3IFIEH RS F R Hi £ F & (energy requrement) »
frﬁ'l Foo Flet i 589.0nm A& FF gk o FHRIFBATE UL >
T Wd R AR (ground state) #E# I gA Rk & (excited state) 0
BHRTAISRT BT F TR ZEE -4 RS Bk
foam-fRETEHARZIAT - EF L ERE2 A GBuY

BARKREZ LA T e FPt > APFIR o HeHhm T 0 F - FEREAK

03

BEBFYWEARRE 22eve 2 FE2 75 - BT AR BRA ARG
$722ev Z i B FAT 00ev FTRARAKE - HRFIZEF

5% 254 85 (energy state) 4c& — #757 o

BA BT I & - EEB (transition) > 3RF &3 2

VIR AR E  BR- AFIZREY 0 F - EHTRET
- BP AL EARAR (sharp intensity maximum) 45 % @A
(spectroscopic ling) o /= k3 Frd P B 2 e & o pfhk ey
Ao+ erAs a2 5 k@ (broader bond spectra) # F oo B3 ek
(atomic absorption spectroscopy) #1 &t &3 * F fid AR EATE 2
2 0 P2 5 K A (resonance lines) e

E-fpAk2 R3¢ P REARAREY R RS
AL R R d AR A4 A Ed FrAc kAR AR ERF R
KRt O REZRF IEPAARRES CFPLARI RS
A fl"""'f“f | % thy A FgAR o
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Q2RI EARITERZ MG

Rk kR 2 Miavd Lambert's-Beer's &k £ 5%

Pt=Poe(-abC)

log1gPo/Pt=abc= st & (absorbance)

Po=x &%

Pt=%¢1 5k

a=s T ¥ B

b=m izl B2 £ &

cC=ZycRF 2 kR

FIR o BRE-HRS2ZERSE Co EskR (absorbance) =
X BERM*I 2C ERERBE 2X o "R ER"F I RIE &5
faiFET > kAR RF #rexje2 § o Lambert-Beer & # R T it 59
dBkRZ 4 RIREEY RFZIER -

RFB AR TLRILTRERTLKE A BB LE NI Bk
REFHRSY RFI2ZER -

BHF »APFFI SENL) REER -2 AT

P2 aB b RE¥BUNEIZRRATRFNEEEREA
F R E M UE W RENGBRF MEZPBEZMERE FRAR
F ko472 A

VEREY
R 3k ReAEEE S S TR T ) BRSO EB R R T

(1)*8 & (nebulization)

(2)2g ™ (droplet precipitation)

(3)i® & (mixing)

(4)5z% (desolvation)
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(5)4 f#i* &£+ (compound decomposition)

BABHBRRELEFWER ST (pneumatic nebulizer) &
A AR FHEHBLKZ BP S Ie® 4 477 o AR
edkiTY o F M (V2§ UR) pAUEFH T 2l venturi
AL T R e F o i“ﬁ"v‘"i"éi&fr“uu 1-4 ml/min 2 & B A3 >
venturi o AgLT| i $ i P-thF R pF o B R 5&7%?}}‘.*;15&%2 Ay sl
1-100 um 2 ficim3gf o pt R FAF v F ~f F 2 (spray chamber)
PF oD - BRESF~EFEAF B E R hggsx (glass bead) °
FRERAKGRAI IR R F R L R SR R
{%*ﬁmﬁ%°*@’&mﬁ%W* CRE EFE

ARG FCRAKGTEBEIHRL LA F R
R~ E e A2 R Fltidrok g~ F R we %iﬂ
SETREIDY FISHEFRAMR P RIS KB LR LY
RRlE: WRRFREBZRZB LR LR A TR LIS ERE, SR
Voo H ik oo R A R AR T 2 Bhid FeAe K0 & Beer-Lambert Z_
BT MG MR YA 5B M (standard curve) 2 & #
¥ & (calibration graph) > * T F2 B3+ KR TV d & » 2
(interpolation) & o 4@ 2 #7177 > L AUEES AT AR S
233 ,A 3~ BrE e

THFEIR AT FIER RAREL  FF S RHE 2
BERFI2LTFF RV IAFZPY - FUAZRARZH o 2K
TP FHmik E oo
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P >

- F XBR+ 1 (flame atomization)
RIFakA Rl 2oplaxihd B LR S
(uncombined atom) € BfT - FFRE £ 2K o Tl AP @ R 2
~ARERLPY O FAARAFREZARRE THRE - A F R
(atomization) > f & R F Xk RPFEXN F A 21 & FlF o Fpt >
S-BAYE O MRFRRTBLBRSC (TAL R H atom
population) iE#Z > U KFERGF2 LAt EE o
AR ORI TC2ER ARLPFBZIR O ABRIF-NRILEF
AR R MEDRF 2P cho il ¥ o BRI NGRS R L #
iv 0 B AT E RE B RS 1 (non-flame atomization) shdjiFs ©
EFHSAART cFEVGBRAMA REFFATEHSS B AN
3] (laminar flow pattern) - s 8 Sin A @ L iGR E w2 T o
’ﬁ%i v :47; — B r > WL R @ H ,":,w;’g»}ggs‘-,,f
Moo §ACATRE > X PR KFZEES T YL Sumo i@ ¥
B2um T o R 2R EHT VB REFHEBERR L H
F i g% (burner) LG . N2 2 E 0 B S
% (desolate) ;&I R 2 ko T BFJ|P 2 VBV Lo AL E
BEORF o FPL ALGBY > TEL - FHARKEZ ARSI A RI =
LBl E WA BT o
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FZIE ORI BLAZFE
(C)BFRTERLLEA
1.k :

THEEEF VAR AATRE FREEBREE N FITRY
SEGRIERZ AR EAL D ESTA BPERTEF RPET IR A
ERCBEFPRYES Y RIZARLRTEPE 0
T BRI O ZTNE RBREB  IREFTAER > HE L0
~15 A4 R EBE T ER T BITEIE O REREET TR
200 s IRBEIN OV FEALEFRT BT RT
T 0 Ao 9 2 A4t EATEEE - ¢ Y BER ) bR
FRZRUERPEMTEF - RIARER B KEBEPrFRE
PllaREMBARENR > RMRFRIE- TZER o
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PEIEBREFRZBEORTFFREELAL A BETRT
%%ﬁ&ﬁﬁl%%%ﬁ%ﬁ°
PRIE S SR P -3

A¥rk ek tE 5 0.01~01 A0 24 » FHIE P ARET F
KAFELI TR S FRIEFZAEFTRBRZ BN S FURER
Rl AP NG kg R o

&é%?ﬁﬁﬁ%iﬁ’kﬁfk&ﬁﬁ)’kﬁaf" Sk
FEOFRERETEREFR LR EARATFL VB HREES
%$wzﬂ&ﬁéi%w%@zm%o%wiz%’$4P % hy

AEFES TR AR THFIoFRAEREY RF L P RF LN
AFREL  EENPVELIRERZPP -
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3. Y& E (Burner)

BRHEDFHFHEZLFALREVER > BEH (Burner slot)
FHEPRREY AL T RVGY ZERAES €3RI
Bed o ANMERBIII R FORKIZHS B EE {2
B o PRERERVEHE  FREBLIFBET O RENEE (AR

B2 AB ) R FARRHFRFINE Rk L RE o Rk
o kB IRACIS IR T o P b2 JRIEF VAT G of o 2 SOEH

FAREZPET BT g PETFIN2FRE B
RPLVAFI ARG - RFZIFERREFAIPE -V LB R
* o B oW — Jikm%ﬁ—ﬁ;b‘fﬁ AAPER o L FrRk- TR EF LA R
o phirr i o BYRTEEAI G o

PEBLAEDS AR RAR 2T FEER L R R AR
X2ELBELHLP C  FFERRIBF AV RERL LMY
—dh O PTHBELMTEVGLIER T - PR EFRTF T B
A~ PAL BRI RBREV 2 A BHER2 B RS A F &S
AF NENEFLEERR
4.  F =R

Bl EERY LA FIAPTEIREI AL S FFRIVE B
FPREANROANUFAREVERZ I PR -EIHEF - LAY
WH2ZErERTFTFE LTI EARE -

THEEFLPENTE I AL AR TR FEELRE & 2%
(Teflon) W2 *H B AEPFFRER* T LBid 2837 REL
MEFZRARIE R Fo FRIFIE DR R h-E g2
B TR B LA o FEFT - FH (disperser glass bead)
B Al W REA 2 G h g 3140 o T b AR LS R hA
FENRZEF 2 RWET ATFRE2Z R 7 E5l5l4ef o

)
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WOERARY R B RTBET 5 UAE e (acetone) 0 oK EE
BAER 3 iR
S22 fl2 R &L 2 X A8 kAL
(1) 7HLR & 0

AERNIRERIL LIV G BB AU BT E AR o
EVA R VP A Smpd AL KESR S LigY
2ZgFhEFES g B VB FRILERHF R AF L
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P2 XIBAE L2 FRIFL AP AARF TR XRPE
ZRARBEZ IR A REFHFREN -
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WA FEH - R hap L RGBT F R FA R bW
BoHY ¥ 56 'Uf—i FPoTHFLABEE RS IERE
Haod iy FEkFR gékJéiﬁr’“ﬁ%%ﬁfﬁqm’
z\'f RF o T b doi BRAEH R - # % E (Silica gel tube) 2
ﬁ@ﬁ@ﬁﬁx’M$M%;$iﬁﬂ1%i$$°
6.3 E ~ £

FABLEERLAF ) R F2ZRFCTFR R 2 FIUFRLIG R

OOR KRG b o R E FIE VGEEF - RBE S BRE
g d SOk FEZ SRR G E BRI B AR
RFCRERDE BED REERE N oW 6.4 47 0 &AL

I EFF2ZENE

FIIRERBERBPEE 2 3 FRL DR G WA E AT
o FIP H PR ABAEA SR WAL E U BRI IR
TP IRELBErCE o FYRZEB LR PR ERFY o
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THTALRER

REAL - RGEPI PR BELTREL P B2 FRIFIREGH
HFEFE B eI R: FRREYFT AT IF L 4
2eq -

BT AP R LG E A A T F0 Fl R
PrRIEEE AR A B e B o ;f;\«’nr#%%‘ GREE R
¥ ¥ 0 oparafin BIEELR AR A EGR KRG - AT R
VKL BT LSRR F ME DR AT A4

NURIE R SRR > 3 E S s R A R ER S R Y 23
R OBEZ A Aok > F AT o Aok a AR R
Lo B RERA T AL &2 AT 0 A RS T RURRRE
045y 4 2. membrane filter &g °

(2)FE2 Aok
RCELFLIIE RFRFE - FRHERRLET LT LR

2P AEHEEHLBITLEFFRLIFIE
F RN

BEERAPERY R ERY LA L EI PR T ELNE AR
F2 @F FILFELF L 1 REERAFER P HEAF YL E
RBpERFEZFFF 4 53T Ko % (polyethylene) 2 Rz & 2 %
(Teflon) = f& -
(R ) 4

PHEEFR Y EE M AR RE LB BES o EEL T
RIAFFEHCFRH 2 AL affl WS L3 R
o FAWEERY > ERLFZFIHR L EFFTVETER
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AL T FENG I RBIAFFHERASEERR R B A

BT AL

adh I I RHE AR R AREBL CEWEL S G
BE= - L3 SiO) 65-75% » NapO 10-20% » CaO 5-15% °
Alp03 0.5-4% > MgO 0.5-4% > FepO3<2%- }* S 5 £ § atpe s
AR H s AR IR PLIREE 0 F TR LR B R GF o

b.4wrglsd t 3?2 NapO #ir 10 KoO B~ 2 @2 i g
B rRBFHLEP ARG IRt FE aHE R R
¢RG4l > FH4cF PO Flpt R % Fehh fRALE > 5 e ¥
2342 Pbo

CARREAT LR B A af > AL FE* 4R > 7 F LR
ERB-FHY PR FERP AR B4 5% - Pyrex 3
Bw g gy o

dz22dBF AP AERERFPHRULE S ( ) 2ok f R
S FEMERUALNE RPN FERRAFTLERE S oA
Fllddrsg o B B AR RSE - P BB HAE -

Aot VarE R gl Ry Ao fii’éﬁffﬁa‘zl L R
Foig 2 AP m33 o Vo g2 p RS 2 H 24
#ﬁﬂﬁ’%%ﬂpa%ﬂﬁ@’iaﬁ§%ﬁm%’ﬂﬁg$%ﬁ
P BEF AR I BR ke E L BR BRI FE A
WHRARHRES LR LM 3L 78 Fu KT £ it
(2)% = # (polyethylene) :

RefFPERH - EH/F L 23N Ra 0 B LG
HigoHg  Ag’ Au R & B g XERRL » Ao

E TR
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AWLE R R BRL F s EE ) B HPBALRE 0 F A BES
A (RRIZP hE B2 o 2) 0 & pH1.0-20 BT &G o
(3)F = & 2 % (Teflon)

ﬁmib%&ﬁ?ﬂ’ﬁfﬂﬁﬁ%iﬁﬂ’fwjﬁﬁﬁb%
(70-90C) # & » ¥ at# 1 220-300C fegr e - % 46 2 FH
PRI RLR  wRELRHRE 2 XG0 iR KPR
S H F RIE R o
T b g B2 AN O FRELERBIEL - H
R (Blde Pyrex #3g) #EIZE - Ra pyrex #IFH
BE > ko hFBERY pyrex BB FHRE L HEMRE o B
BV YRt AEr i dob f2Ag e R * B > £ B ik
B RT pyrex BF o TEPFRF 3R FREFREN
P2 GBI e f o BALR TR o ¥ BRI F2 K%
RURLEFEBIAGEL S BFBELRT ox » - BLR* FY
BATEZ AR -Ac R r PP oA A RRFE AL fERE A
- RFZBFAIAPR RN AL TF LR FIRFEUIR -
BRI E LR L RH B > APFE o
FEL A

ABHBYRREY EEBRP—FABRRERRZAPFFTE RS
TAERER L AR ATLEN I Sl R R 2 E IR i R &g
iCEFErA F R X

s 0w 4
o i
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G
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ko m P ML REELEE BN AT ALK

ki BROREAT S Benst AL FERXG GAPFLSF
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FoEERF SRR LR
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J%ﬁibﬁggj&ﬁ*i$iﬁﬁﬁ&@%$?°
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FURLA ~ RERELTS b RER Y o BuE-RIA MBI B oty
B G E B 2 R FAMIRE T R o ke RIBEX 20% A

AR CRIFEFT I e ST LR 30% BEY R

flap2 F T 2d g o @7 E MIBK £33 BAA2 P B EFr >

FAKHZ MR 23 0R 0 kiR B0 20% AIRRRE o i s
FOREEE G A R0 B3 Bkt T U B 2 kAR
£ B2 LEA A 50-60°C FF& % » @ ¥ %¥ 2 & =8 e R PF R

FRrEkJI* EXRBEAELPE FRFL S RINEA L Ly
R 18% s U2 FARZZHEN - FIPRFIFFRLFHR LS
ATERT > R FE R BB AR RS 20% AR RiE o E
fo 2 FEBENY p R 2REAGE - AFHRPFEE BN
Na: @ F4eBR BRER T2 B2 889752 Fe~Cr~Mn-»
Mo~W 7€ 3485 FUEBNTEEHF -

EESERE LA FTEL THALRRE LA EFRT o XN
REBRHT B RG KOJiﬁw%bwwﬁ¢’$$%5&¥ﬁ
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RBRERLF BT WEELLBR BN RN EHARLF K
MRER TS BRI FRBERS YV
Cu Hg'Ni*Pb>Zn & & B - #FulEmpv #73 F 3 B fol e -
BRI ARFRFIRLER LI 285278
WE Hg 22 L8+

EEBRIEF > pAAfRRERY - WRFF RF R
ﬁ’%%ﬁﬁﬁﬂ%?ﬁ%’m&@@ﬂ%ﬂﬁgﬁiiﬁﬁﬁiﬁ
EHPIBREATH BTFHFIBNFRNE/ - GIrh 478
2. Hg Zi¢#* < :Eiﬁﬁﬁi I I A R WA
AR - BRAREPBBRET I 24 24 B0 - &%
EARBERFHIT - L GRS TITR Y
¥ & (super special grade) > @ # £ K&/ - 3
ﬁﬁﬁﬂ’#Fﬁéﬁiéﬁﬁ’ﬁ%ﬁﬁﬁizﬁéo

Frerg o ST RRLER RBRLR Y LF(L)ERS
RER2LFLFHQHE F- ORI TR RFEMFBEHREA-
AR ERBRTPQFERCELETE > ML > RFTUFFEFEK
Bzo P&k e
(2) &%k -

B RLZRHZPRYEB S 23R TN EHKRTL BT
FRHBFIAE A HEME2EEBA L GBI - BEH

kA AR BUT FET UL A UL FTFRE
GrEE AEGR RFEBN CusSn ZnR &R - BUEEEY
BoLEREIBY  AHGUFHEBANLZH LRI E RRIZE
At o T P RBUFHEBEER > TERNkEH LT ETR
MR ERR BFAMKEERGTRE > L L ERF LHA
et RV EFEBGRZEFE K A E VR L REZAA
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ek b FRRT (% Nod M)W FHEB P FTEEFTPARZL
Ak RIB ST AR SERERR2LADHRI L &R L F
Aok BT F A 10uQ/om 2+ 0 * 2 BREFEE -

248

(1) %% * %% (stock standard solution)

T RER G S ERASIRER ) NERRERRA S A
PHERE TP LRETEN L FOERY oRUFHLEY
BEARER 2R MBEARRIELRTREAL TR 1R
FelllpF s F4er 3ml oz 2 fFAE (L1) B3R pH F#EFA
3 2% - HiRBERRIBEA 1000 ppm 2 KR TLEFGFRE T

i
@
2-
FRIF- ZRARANUF LI FRAR LA ERFoRE TR LGP
W2 munr s pRRNeE VERMREZ -
(2)¢ * 2 2B

2 EBERAY EREF PR Zn 56 &L ¥
1,000 ppm & #;3% 1.00ml> 4 2% HCI 3 100 ml &%g > £
=10 ppm B (LB FERRP G 21ERF L) 23 10 ppm %
Zn %% 50ml 4 HOto25ml> 8= 2ppm 23R -&HFE L 2
ppm %R o fe= L HER F 2 ARHR o blheT £
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pefl* 2 8RR #r 2B

2ppmx0.2ml = 0.1 ppm x 4 mi
2ppm x 0.4 ml = 0.2 ppm x 4 mi
2ppm x0.8ml = 0.4 ppm x 4 mi
2ppmx1.2ml = 0.6 ppm x 4 mi
2ppmx 1.6 ml = 0.8 ppm x 4 mi
2ppmx2.0ml = 1.0 ppm x 4 mi

2ppm x3.0ml = 1.5ppm x 4 mi

Q) v 32 # i

201 3 20ppm 2@ BB R R TH sk A BEREY R o

R

iR
:;{.
N
iy
o3
=
4
e
&
%_‘%
.‘1“‘.
¥
fe
&
é \
i
_}:
<
=
(\L
=]
A
¥
(&
£
.:2:
F

BEFRTAP2LIPAGG LE -
LRITRFIRE, ZABBHELRE A RTAZIZAALIMEZ R
A fEE e
(DI Rt
Rl B 2 A i E o R A AT B o P E R
REPT (1 e 1 p)> R¥RAR o
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(2R & faiE ¢

AEGAITABR-EIBREI LI AR ORBFREY LA fR
RN ARk R EIOBRF 2 A RPEPEIL LG AR
B FlaoR". » F L f@@F - w8 As~B~Ge~Hg~P~Sb~
Se~Sn EF i BUEFHNEFE R AR F 2

vEY -3 CHAF LA RT ORI TR E AT
B AEEkR B AERREAFFIMEY ¥ ZF CdoNiv

Zn>Cu *Pb Hg 2 ¥ %% - Flp £ 2 PR 25T/
FERBIFTRY o X BRI HETY L FER-PEL A BFTLER
TORRoF AR PG RHL AR LRI A
REEH 15 ) 1/10°e* Pbr As FEEABEER RN A T L
B PR AR US o d D RF B i
B FiMELEFBECFARNEL R BT BAABE 2 4
BEE - BFPFRQ)ZE BHR2QFHFFR2ER > 42§ A
2R RFRER - RO VIR A AR 2R - 5 BN AR
TR 2 EEKE B UM B E TR REGATIY Bk
FERIRT R 3 A uLsfap o
()P fe — e & f22 ()%z—lvi%Mfr p.249 » Rf.8)

RENBESFER SEEF BERE B PREERFLAR
TR AL

2EAR S FCHPR 24 g ABFEKE 109 R rHF AR
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