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Abstract 

This is the classroom research which the purpose of studying the concepts, laboratory skills and 

attitude toward laboratory approach in learning Microbial Genetics. Ten laboratory manuals in Microbial 

Genetics which correspond to the Rajabhat Institute Curriculum 2000 were constructed. Population in this 

study were students in Applied Biology Program of Rajabhat Institute Pibulsongkram. They are 39 students. 

Pretest-Posttest designed using questionarts and laboratory behavior observation are the research tools of this 

study. The data were analyzed using SPSS for Window 98. 

The study showed that students obtained higher concepts, positive attitudes and better laboratory 

skills on laboratory approach in learning Microbial Genetics at the level of statistically significant P < .O I. 
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n'fiu:nls~mi~iisd~il%ni~ 

dij~rnri i rns~~unlflflnlnii~~u-~q 

diu'Einisi 2 nwiin~lna~& 

diu%rnr$ 3 rnsR~la?n~iaiuh~ii~n~li!u 

11~~6rnr8 4 ms'laln3?ar.+u 

d@%rnri 5 mrna~u~~a~n~r~t~on~iu~up'na~tl 
Y 

4 UQ w a d 

dglr~lni~i 6 n'tsan~~lou~onvjn~~~in E. coli 

d@sn~rii 7 m~'~l6m~1~infim~in E. coli 

1liuiio138 s S1iinI~rIdi3auo~fll8~1o 

11~~inlrA 9 mr~1dn~n3onnua'Vloi1~ JU 

d@Xin~si 10 nisnoupnGu 

nYfl$l~~1571~11~1~fl15n515104 

dijli~rnrd i rnri~anlfl~~nla~~~u~~ 
n we, 

dguani3i 2 ir wiinlma~i4 

1l$h154 3 mag~iainlnmu~u~~~un~~fl 

d~Girnr~ 4 nl~!nT~t11~114Gu 

~IGG~IA 5 n~snmui~il~n~~ri~~~an~[~tl~r'u~na~tl 

Mean 

3.4103 

3.282 I 

3.4103 

3.2564 

3.4872 

3.4872 

3.3333 

3.1282 

3.0513 

3.2821 

Mean 

3.2564 

3.0769 

3.3077 

3.2564 

3.5897 

SD 

1.0935 

1.0748 

-9657 

-8497 

1.048 1 

-8545 

-955 1 

-9228 

-9445 

.9#5 

'a we. 1 
dquan-r~i 6 nisnnaa~~uieG~;r~uarn E. coli 

d~~fl134 7 nila~n~n~~UP~mn E coli 

d@Xknri 8 ~I~(~~RST~?)HUO(~I~UID 

~rijri~rnrd 9 rnr~~da~n4nnnu~d~~1uQu 

dpfi&~isi lo nnn~uyn~~ 

rinvzotjlumrsi 

diunaid 

d~una~q 

d~unaicr 

d~unn~;r 

dluna14 

d~unnn 

dlufla14 

d~unaiq 

d~uno~;r 

d~unai;r 

SD 

.9657 

.8701 

.6941 

-8497 

.9095 

*inv:o$umord 

diunn~.r 

dlunnls 

d~unaia 

d~unai~ 
4 

R 

3.4615 

3.5897 

2.9744 

2.9744 

3 -205 I 

.7896 

.7152 

3732 

.8732 

A329 

d1una19 

z 
diunaid 

diunais 

humis 
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~~~n1~lhnio~u"o1inz~dn5ar' 

1lfiu2rnrd I rnsiiunl~t;ln~~~~~~~~~~ 1 
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3.4103 

SD 

1 .0187 

rinvzodlumolsi 

d~unaw I 
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1 d&%im.~d 7 nl3flTiR~1nlfii~nn E cdi 3.7179 

1 d$6rnr; 8 Gdnlnr TvliQnuotRl$uio 3.3077 

mrlri 4.6 ills& ~~~~(i1~~uilllldtl~~~~~i~~~i~~0~in~~1~n~~~'~~nu*0~n~2:n~~~ irnnool 

$nut rns1~uin~ngn~=:~i14nlsn~ao~ 

d&%iimr I n~ruonlfl#lnlnii~~oaq 

di~nqr 2 fi.nGnmma~ih 

J juiiimr 3 mr qi~~~~lnm~r?u$i~~fi~tl 

~ij~rn3i 4 rnr~n~og~nl.ra 

diliiirns; s nlr na?a~nrnrnsriR~R"~na~uw'u~fl~~~l 
u ud d@?flld 6 fl13flRRRl~UlO~WU~~lfl E. co/i 

d$u%fIltd 7 i7l~FYfiR~filfl~~~lfl E. eoii 

~rj~n~rd s Biiinlmr TdiGnuaqtidu~o 
-- 

d$7mrd 9 n~~datwisnr iua'Vlod1uiu 

dfiu5rnrd lo mrnouamiu 

SD 

9946 

-8465 

1.0087 

A377 

-8686 

.7905 

.7662 

.8771 

-9066 

Mean 

3.4354 

3.3846 

3.6667 

3.6667 

3.6667 

3.8205 

3.6923 

3.3846 
- 

3.3846 
-- 

- 

~fllrzo~~ulnolw" 

dlunn14 

il~unav 

g 

z 
g 
d 

H 

4 

diuna14 

diunmq 



.inad 4.8 dr~bu ~~nrdid~ui~~.~i~~rms~~u~~~~n'n~~~n~~a~d~an~~nmnc~~ 

nn~:n~s-rr>d~an~~nmnm bp , tl@imm 1 rnn1anlH7i;~~lnri1~~~~ 

n'n~~nls~~1ifulf~o4iio 

dfifih3; 7 ni'rn6~nnl~lifl~in E. coli 

3 ~ean 2564 

Mean 

3.6923 

3.8462 

3.8974 

3.8205 

4.1282 

3.8205 

4.05 13 

3.4692 

3 3205 

3.7436 

-99251 SD 

SD 

1.3009 

1.0141 

1.0207 

.9966 

.7671 

.7564 

.8568 

.85 87 

.9423 

.9567 

hunai 4 

rinv:o~lum~uSi 

*inv:~i~umcud 

d~unn-rl 

7 
a 

FI 

z 
a 

a 

A 

: 
d 

A 

z 
4 
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-44 1 - wn n~nd 4.1 1 ~i~lilik~ II~I~~IY~~~~~UP~UUU~F~~~~U~~~~'~U~F~~U~O~~~~QHIDU'UOJY~~~YC~~I~ 

nkuil~~u~~;lu~3luiu'l~o~n15n~n~~ 

diu%n~rB I rnrisnlflR"inlaiii~~t~~ 

d@%fi"ii 2 I~ W ~ ~ ~ L M U R ~ 

d~~rnti 3 mrgt1~5nv1~1uriu<1~11nidtl 

dg'fn~rd 4 mllalo#a~s<u 

d@rnri 5 rnsn~~a~nrnrnrriRm~~n~~u~u~nn~t) 
v 

4- 4. ad 
dg~~l~15i 6 fll5rllfl~~l~~1~~~~~0lfl E. coli 

4 **9 

dg~~nnG 7 ni~zr?i~nw~aijnoin E. coii 

dij~rnr 4 8 8~8n1~r ~d~inuo~~%ulo 
di@rnri 9 rn~11datn;onriu~do~iu4~ 

~ij~rntd lo mrnouem+u 

in~:nis~~~i;~ln$o~f a 

d~~iiiims~ I mrlionln7fi~aii1hq 

Mean 

3.9744 

4.1538 

3 .a442 

3.8205 

3.8205 

3.5385 

3 A923 

3.4872 

3.3590 

3.5H1 

~ean 

4.0000 

SD 

.8425 

A299 

.a 124 

-7564 

.75w 

.8223 

.73 10 

.7208 

SD 

.8885 

n'prunii 

G 

3 

z 
G 

fl 
d 

FI 

?I 

dluna~q 

1 

w31uG~rau I 

z I 

,7879 



n'nuzn~r ~mi6u1n$o ji;a 

d$Gn~ri 1 ms11on1fi~n1aiiiia73~ 

d~j~nis; 2 irniimmnclii.r 

~l@Gin~ri 3 rnsgaainlnaioriu<~~~n+Ju 

J G U ~ ~ ~ R 4 n-n!nhq!ni%iu 

d~~rns; 5 m~nrna~senlr~~~~na~un'u~n~~u 

di~rn.rd s m~nkr~du~on'j~~~m E mli 

dij~in~ri 7 rnlntiRwnrnnii~~~n E, di 

d$F~imzd s B~dnb~MfJaueriiBuio 

d@iini.r; 9 mradn~~ionnudrlo~1~3~ 

l]$;n14 lo flisnsu$~n$u 

n'~cunA"tuni~$~ld9~d5=:1~'11u" 

d j ~' m 3i 1 rntlionlflfin~nii~k.~~~ 

d~~ msd 2 iswnPmmaaS.r 

11ijfi;tuA 5 n~sna~o~rn~ msr;~~ii~~~i~~~w~na~~ 

~ean 

3.8718 

4.0769 

3.7179 

3.8462 

3.7949 

3.5897 

3.5897 

3.5641 

3.4872 

3.4872 

Mean 

4.3590 

4.1538 

4.1795 

4.000 

4.000 

SD 

.8329 

-9286 

.7591 

-9608 

..go06 

.75 1 1 

.7853 

.9118 
I 

1.0227 

.9699 

Cnurs~luinold 

i 
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a 
ii 

q 

z 
G 

diuna~q 

diunaij 

SD 

A684 

,8747 

-8545 

.8584 

,8885 

3.7179 

humit" 

A 

a 
; 

g 

G 

-9162 

.9140 

-8701 

1.2533 

.8938 

J~G msl 7 m~sihwinauPnoin E. ~ ~li 

dijfi6rnsi 8 G~~nT~~lvl?$nuo~i~!u~~ 
- 

d$%mrB 9 rnslldn~~3onnuddoi1'u$u 

4 

A 

i 

nliuna~s 
a 

A 

3.8205 

3.9231 

3.4615 

I JjGn~sti la rnmnu;lnGu I 3.7949 



aln~; 4.14 (ili~&~ I~~:T~~~?UL~U~~UU~~CI~~~U~OQ~'~~~~~I~II'~'~~~~~S::~~~'~O~~~~~RROJ 

d~un~imrurr~~~dr~~~~~0~n~~n~~n4 

d~~ni,; I ni~,iur11fl~1~1n~i%q 

dijlj,-n,A 2 irnGm~~a~iic 

Mean 

3.6154 

3.7436 

SD 

.7114 

-9380 

n'kunii 

ii 

G 
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;mi 3 tlrzBniin~nro.rud~unm~ 

n'1dr:~nim~unr~1nII~11'Ein~a~~~~~~1~f~~~~3u"li~ni1~~w'I~tl~1~~1d~~~nin1w~0~ 

nr :u2umr (E,) 11arrnciid~:in~ninuo~~nR'n8' (E,) II~LII~~(~U~RU~~UY~'III~~~' E, :E, = 75 : 75 
B 4 - 

~~uiirii~de~iuu la' + 5% dnngwnm~n~no~~~~un1n~u3n n ~~tin~~drzdnlmwuo~n~fdg~~~ni~ 
Y 

9 we 

1~n~~~1un'1rn;79u~i~d~~ani~ ~iazaiili~ozr.~dwan~s~~~ao~G~G 

~lalin'rnsi i msirnn1~"1~'1n1aii1iu3~ pi1 E,:E, = 68 : 92.8 

~l~liiirnri 2 irwZrnlwnaii4 cii E,:E, = 67.9 : 7s 
4 w4 

dplrtlmsi 3 rnql~n~ntnrna~~~iuflfi&t dl E,:E, = 71.07 : 73-67 

~iiGrn3A 4 mrlnlo9lniahitci1 E,:E? = 72 : 73.60 

1lijrj;;n14 5 m~nn~mmrnirrin~Xon~~uiu<fla~tlii E,:E, = 75.13 : 72.80 
Y 

4 - wad 
diJlJ~m5; 6 flllflfl6i~l~~t0~4~lJ~~lfl E. colidl El:€, = 73.13 : 71.33 
9 DW 

11~~~flis; 7 n~rnkamnii~oin E. coli dl E,:E? = 74.27 : 75.8 

dflj,-filA 8 ~~~~IFIIM?~~UO~~~~ULB dl E,:E, = 66.07 : 69.87 

dfiuiiirnsd 9 rnr~daa~ionnu~vlo~~uQuii E,:E? = 65.2 : 65.9 - - 
dgunrnri 10 m~noup~n~u 41 ~,:~,=66.67 : 71.27 

4 M 

saolp?ndguanls n'i E,:E? = 70.97 : 71-73 
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(Isolation of Single Colony) 

d - ads d U 
d~dd1~~Swd~9uni~vi~~1~~1~w'u~~~~a~~nu~~ no mrri19fl;1R7nTniiuirpn n,emnu'nmr 

riii&~$uilli~nt (Pure culture technique) nll dldalhfqn< H~~~IS~I~~F~IH"I~~~I~GL$U'~~ ~rdi\fi8; 

pBuniBiia.mmtlriui~i~~ (strain) 1 u'iimo~u~~unidzdu t%~i~~~i~%Iurnrdil~tr~~~nii~~~~~ 

Iidf~rnAl$ioud q~ ~oinflu"nfli~ ~I~II~~BIIU~~~I ~ ~ n ~ u n ~ n ~ ~ ~ o l w n ~  (shcsk p~cc t~hmq~c) 
P u 

1rn~1nniinmsns~nuAonPiu1~1'~~~0ni~~1'i~~~1~1 (~pmnd plate technique) ~nxciwq inii$u 
dd a4 

, ~ e ~ n u ~ uli u ~ii u ~ ~ ~ ~ ~ ni ~i ~ n ~ z ~ 7 ~ ~i ~ ~ ~ ~ ~ n ~ ~ ~ ni ~ ~ ~ ~ 1 ~tl viil ~ 7 
#: a 

i~maimn~~Pi~u1n~niiwa4ielladi~11oin1c11na~~I~1il1%na'1~u~ 



Y 
4 

4. 1~8~fl01lJ09 Serrariarnarcescens %~~l~fihl~~llF~~ Microc~~cusiuteus 

B 
$4~1n1aiiiirniio4 ua=: Escherichia coli %~ij'lnT~ii%~~? 

%lilVl~'lfi'lfi~v~4 Escherichia coli 

5. ~~i1mmnao-r~1~~~d5'~11~~~nfiu'~ni~~1~~1I~l~~~n1~ii1~u~~ 

1.2 ~~SOSZQ~LI~~O~JUOIUI~(IZ~~ bI478%11d~611~~" 

mr nsza1al~aa~9uo1~1~ i~i~0~i~~1d~~1~~~~~~1nnu'n~~0~ii~1~~~1d~~~~~u"~n~~i1~~if 

Q 14l8ui!l{~ (Serial dilution techniques) I W R ~ ~ ~ ~ O J ~I ~ UI ~(I Q ~ ~ ~ ~'I ~ ~ ~I ~ O U ~ ~ ~ ~ "I ~ ~ ~ ~I PI ~ ~ ~ OI ~ 
4 Y 

iis~~i~u~u~~u~~u"lui30~~~~~n~i rnsri1ln't~~~ios1c18~~1ip1iu ril~fi~ui~dilnnr~~~i4i1 
. Y ,  
- a m  

min~~i?od~.rdil:riilii"~$o~1~9XIX 1 ua. 1 niu i?ia.rluu~~13ooi~n uuinriuni 9 un. 1164~i1rnl 

I ' ~ D ~ I - ~ ~ . ~ ~ ~ ~ ~ I ~ F R O ~ ~ E ~ ~ ~ U W ~ X I ~ ~ U ' ~ P I ~ R I ~ O ~ I ~ ~ ~ ~ ~ ~ ~  kuoi 9 urt. uxikldn&a:: 1 uil. TAU~G~I~R 

rnuinnGnnir'l$iInIa n1rl$os1.riniu<~';-19~n151t0~14aamf4a~ lo m i l  msnr:o~ai$a41us~utwi: 

a Ad 
Ain~anulrnlwan ~~n~n~t~Um31~~ldn~WlUn1lWl~~D~Ia'3~fl~d~nIi)~~~~ 'Idwcl~uuii~unao~mr 

1~4.1Asdluo7rrs1ua: I ua. ~ 4 o 0.1 ua. ~ ~ ~ ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ P ~ U ~ ~ I ~ U ~ U R ~ ~ H ~ O ~ ~ ~ I U ~ ~ ~ I I R I ~ R U ~  

Ad 4 
adr ni~o; dlumr si~l&lnu ju"1~1toono~foa' auld dfiou9r;lduu 1ib~4iu~n~1auuoiurn~i5~1ui~~~~ 

2 A 
iilo~~iians-oia~holu ~ta:Jnd~o~u Q~~~~~~~I~w~~I:I~u~~~u~IwI:I'IIo~~u M~~~ 37 'c du 









(Replica Plating) 

irn am lnamRPa di 1) ~~~ m~~~tld~~~u~di~fi~i~u~i~~u~r'u~ m~~~~~' nlinmTuos%$ 
d&i rn 

n"ornsd19k6~~oaGuw' (Imprint) UO~IIUR~GUP~~OIH~S~U'~~~UU~~~I~U kiti1il~nunp1~uni~w 1140ild3 
44 4 I A- 

ila:riianoRroeiu~'d~~~'~oiHisjuo~ui z 11~nnll~~~0~~~kltil~=:~i;uulf)fi7lnH~o1H1~$u ;a& kl 

tiiu~n~~~cr~riu~~111~06~ui1tl~~du'1d~~~n11!fli'~ muir n~#nr-.~~unro~u~~%u"~i~nuk~fi~il:~~~~ 

rnu1so~~~~~ainiriin~~ri1utn~1u~iiiu~1d3 1~d1foI~~ali~~inu01iuzIfl4~~~i'u=:~i J.rhs~iatn: 

~IWI~~~DUGI~$E~?UH~J*@~~Q~~~IO (Autoclave) ~(1~ll~lrllii~lfl~~~~~~1n~t~~~~~~411~1~nFtdt~~n 

QII~ 2.1) ~J~~VFIC~~~BO;I~UTA ~ ~ U I ~ ~ ~ ~ ~ ~ R U C ~ I U ~ I U ~ U ~ ~ J ~ ; I U ~ ~ B ~ I Y R C ~ ~ ~ U ~ I ~ I W B ~ H ~ ~ ~ ~ ~ ~  

innRnudp l~u~lrrrnlnsriic11~01~rud3u~m'u~~~ IIR: rnuaori~lfl~u~ud~~~~~n~~o~~un~~~~~~~ 

R'~ando&hIo T ~ T ~ ~ ~ ~ ~ ~ ~ ~ ~ I H Y ~ ~ ~ ~ R I D U ~ ~ I ' I ~ U ~ R W ~ = : O ~ ~ ~ ~ ~ I ~ O ~ ~ I I ~  w~n1~1~3uuin 



I 
4 - 

lu"unoun11llq~ln 

I. d111uni~e~i1en1Sulnln~1~113~ ~n~luoiuo~n~r~u (amdi@msl 1, aii~ 

trfi ~mtwn~~'d~~u~$~*friiur~i'u ri~rnrlwii~~~ (Replicate) 3 inns 
dd 4 9 ..4 

2. 9 i11uni~rr8~sn1~~1~10u1~~an0~9~0i~~iuis~~ (o~nd~u~o~d 1) ~ $ 1  

d4 4 

~sn8mtwa~k~~ulfl~u~uiiuIiunn*~umn::t~~niin4uuIIiu~i~~~w~nn?~ 

$ltf?lJ 50 'IR~RG ~lf11515~~1Fl~ 3 IW51A 

3. liu~s~~mmlwrl~'1?"1~6liutdo~ 37 oc iiiu~=ni 2448 411~4 

4. A I ~ O ~ I ~ I ~ ~ ~ I ~ ~ B ~ ~ R T R ~ I ~ ~ I ~ I I I ~ H " ~ I ~ ~ : : I ~ ~ ~ U ~ U B I ~ ~ ~ ~ ~ ~ ~ ~ ~  

44 s4 

5. I~rrul~tluHauoqrnsIriniifimli'4 2 3s ~rnrn~l~~ln7~laiilih tn~ni~n'u 





Grid for 50 colonies 

Grid tor I00 colonies 

, ..:.qd; 2.2 ilwuals14n~on~a ilnh 50 Ira: 100 lfllafi (Miller, 1992) 



(Maintaining Bacterial Strains) 

L 4 a * '  * I 

4 a 
I. n n t ~ d i i n  -70 *C (Solid Frozen Cultures) mu~~oljfunr~ui~am~~i~~dtr~~u 

niiireron (Glyccml) 10-16% ~I~ %UL~UII~~I~ 9ml);n7 (Vials) ~~i;humr$l~?~& (Skrilc) nl3lh 
-=a 44- 

~~~d~~~n~ut~;.lu~ru~aun~u~::~'~~~u~~~t~~~u~nnii s Q mu~rnri~1#1~~ainn1~1~~140nrii~oi~s 
3 

(permanent culture) ~~~UIRIIUU~IH~IRU~~~~~LI~IG~~Q~~~UL~O sinl~B~llilliil1d~U8lH151HiIIRzd'a8~1n* 

iliuT~huiiu (Growing overnight) ~~i~n~~~~~ani~snzr'~~u*i~d~~~~ -70 OC ~ R U ~~ & O~~~~~III~ XJ 6 
w w  

u Y i~~~r~to1~~~1rr~'~4'fi~i~~uvl'us"[~u~~d~~u~1~~11a!11~~ (~lmcr) ~ ~ ~ I ~ ~ ~ ~ O & I ~ I ~ * ~ O ~ O ~ ? J  

r:uumwPu~$q~nQ~e~ftL8!ilG~fi4i$ -70 'C I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ WI ~ O U L ~ O ~ V ~ KIIII ~ Y' ~ ~ ~ ~ Q U nlr 
4 rS n: A ~I ~ ~ ~I ~ ~ ~ ~I ~ ~ JI H ~ ~ ~I XI ~" ~ ~I ~ ~ ~ V H 1udoflaiu~~~~tl0~140 l$elle.rriuilgnlhoii5~~02:ii~~ui19 

d A 
n ~itwi~rnu~u<itli~~~a'~~u w ~ O R ~ I S D ~ ~ U U  rnu~u~rir~~rn~u~u~~~~~u~~~u~~~a~R' 

otimdlipwnpli~i ~ D ~ ~ U O I I U ~ ~ P R ~ ~ ~ R ~ O U ~ ~ ~ U ~ ~ ~ ~ U D ~ ~ I ~ ~ ' U ~ ~ U ~ I ~ = ~ ~ I ~ L ~ Y ~ ' ~ E ~  nFir010il 

n~,uGufithi 4-8 % hudunm~ii%~ ~IU~I~~I~UH:RU~U.~'U$%I 8 !~~uGaldonl.aR' 

(Dirnethylsulfoxide = DMSO) 4 -70'~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ W B ~ O ~ ~ ~ ~ I U W ~ " R ~ ~ U I ~ ~ O : : I ~ I ~ P ~ ~ ~ ~ ~ " ~ I ~ D ~ O ~  

ly 9 
w .  

%unl-inasn~lclro.ioaa*o~~+n1:~8f)~~4 ~~ooit~z%+Jtl(~~ ~ ~ ~ ~ ~ I ~ I ~ ~ Q w ~ G I ~ ~ ~ Q ~ ' ~ w u  rn'ui~niiuos 

SU~&POT ~~~AIsB~?IwPII~~=: nitln~~~oma 80 % ii1uii7du stock i~a'a;~ Autoclave P ~ I S  R: 8x1 

* u d  A r 

smk ~~fllllm~~l~l~0l~~lfi11r'n~l1 ~0lll~an:~1~1~;~a'd~111~51~1q hi6fi~nfilen~3~ 20 % MHIU 
4r YZ ri 

mrsidaah e:i~tH1Rlaomlw~zIdua1un~I~o5Ba 10 % dn~il4~itao~n~nou~~d~uiw~ 5 UO. 
r I 

~:nu~~~~iwiz~~u~lun~~ell~~n~ lumrl~?uu ~1si?od~~t~od1~1r~a'11~9~11~ 2 un. IRPU 80 % nii~mtnn 
YY U 4 

0.5 an. ri~l~k~iul;.buq~n*i~~vo~ niiaosoa 16 x iihwnu~n~ain~~ IlnzriiuXi -70 oc 
B 2 

~n$s~wlnoa'~unuon1li'ilu~a"ou~i;"ola'5'unnoinn~~u~u9u~i1tii~~~ 



'1ni1~e1wmr1i~~'~un~~~0d~0~1n~307n~~41~a~~1it~s'n~1n~1~0i~if 1~ritl~=:dirotl1~'l~utp1~iun"u 
4 d4 

me~u~~mumu~u~~::u'~n~~~~~i~~1~n1~n1tl~n1~l~~1'ni~::1~d1d ~iu~u{ui~rnuriu$li~11ui~0 

O~~TORI~I: nlu ~I OI~U~~U O~~ ORIR O~)~~I~;Y 9'n~1~1tln'u~u01~7~d?U1~~1~~~4dir6~f H'GUI~UIH 

#A - Y U  
94 

rioudil-~d n"nlansnn n~o~~uflisn~um~~';u~1~n'ilni~~*1~11~0i~i~1~~~1~ i~a?asni~~na~el~un~r 
uu- d4 d 

imu~u aoslnli (Resurpcnded) 1~lj*lld€l; (~uffer) ~ou~Q:I~u~~~%o~ OL~ R?IUU%?RUOP~%~~~WI~U~~IM~ 

d2d 
~Ru%do:~uu'oaniii8u5'nrnr111'i -70'~ lunurnol~omi:l~ujfu~t~iiI$jG -20 oc I~Xo~dfjfi&11~~1~1 

~1u~tinw~ol~~ii1~n~~fii~pi~~~1~11~~1u~I"uudn~ 

3. aawu (shb~) ilms~1~u~~uulumr1i;u5'ntl1a1tlw'~~~0n~~a11~111n~9~~~~1~n dji ~ich 
444 -a B 

nutrient medium n7o Scleetive medium ~~flll~l8U%~ll~RnqR36;HU4~Un1f 1~Yr'fiM1'511Uw'UB"iU 

dilntuu~nq  dot oiomuriu~~iu~r oiG~o~18u~nni15 9 lun~~~u~iiiuod~s~~u~zau m~izumiiln7 
id2 d nu~aonni~~~~uiiuion~swui~ iia:ri~ii~hiunumr (cafalog) n1~~8u~ntn~11~~13uiio~~i3~iin=:lnn 

a1nc1~ri~~~iufou1~~B~.pi~~~~0n1~61~~~~~1~~~uij~ ~~n:or#nailfi~no~rn~~u in'o-imcnbilrilb 

(~irtigbt) TRU~IS~RM~OR~~U W~SI~U (Paraffin) ~AIOUIIZ~IU 

-4.4 

4. hlaguu irrn%ir (Colonies on Petri Dish=) ~l~l~~~~~l~~'l~~~~1~~~~'111~~3 %n~~~3nulfl 

dcl a ma erl 
riiniuii;~ ~iaviuTn~aoniiu3uu~n dr~~uadaos~a~no~1~1~0ii1fi'1wii1~~3~ uotmafiu{iuila7~ 

viu; rii~durns~fi~~~uii~~ui0~iil~*~~n1alaii1~ du~lni ~~o:u~tn~~iilgu;io~n~~fio~~ 
d.4 d Y Y 

rntliu{~ndln"o~~n~a::d~~w~:: riouI+~iuriu~n wu?nuiY 3 o~~a'rnuiu+riwioidm hdlituinln 

IRI~~~u?~M&~I Selective medium ~IVUIIRUIU$BU IY~PRI~UI~UGEI~~EI$# I n7o 2 amn' lid 

rn~1ro1~uo1~o~1~'1~~1~ainai111~~~'1n0~~6~i1~a'u (Parafilm) rnvuon w~r ~aiusttiolGiiin 

Ainigbt seal bd1iu:4~'ln'l4oli~~uin mulrn~iiumu~u~ulw~~~~tlln~u'~041~u~~a1~~iu1'ui]ud~ I- 

1 4- * t;--- A 
2 lillmn ~amsii~dums~~uin~1~1uw'~~nn~~~~~n9Q9~n1li~'~11ii~na'n~1~~~~~i~~0~~~~~~~~~~~~ 

44- 

e:~Ruriuod~tonr n%?i rno~u<;nnin (~b-eak) UUOlH13d~UlfllilqR u~~fi(n~uiun<~nitlw'u~~ 

~ ~ ~ T ~ ~ ~ ~: ~ ~' ~ ~ u DI M ~ ~ ~ ~ R u ~ u ~ s & 

44 4-44 

5. BI HI~~~~IU G~~~U liailiiuinu 11Ru76;uv~mo~1uia~t~niiu~ oiona7uiuiiq 1 ~illR,d 
d -44 

Y C  

riun~ucu! ~s;~iiiniiiiiurn ~RIUIU~I~U 1idu14n ki 1~~u~bal&fi1zn4i'11unn8~1~~ tiiuq~o~n~ 

if ulntlatn I! ultr%ucl% ~~'~~A~A~v~~IH*~~v~~u~I~II'uIu~Q~IM~ (Resuspend) 1uljdid0; II~ZI~UIU~I$U 



4. 80 % Glycerol 
Y 4 4 

5.1% Sewaria marcescens %411'I~l& al 1~4 Micrococcus Iulars 

&G~IIRG~~~M&~ U ~ Z Escherichia coli &~~IPITRQZVI~ - - 
~unaumnlgun 





us d 
(hem-drying) IUHL~DRII'?IIOU;II (Glass ampules) lifn7 &PeQnkoono~nuunntstlnii~auauuiI~u 

bau~1u"~~~urnrs:1H'~ (Sublimation) ~~Iu~~FI?IuT~u&R~~ (Reduced pressure) ~flll~l~U~ji; mldl~~ 

riuuodi~lun~r ~~uin'tl~a~uw'u~~~wn?u"lu JZU::BI~~~R 1ds.rcin~iuriu$~n~018~~0~0zi~~~0~1~ 

u~nnii lo ~ ~ I ~ ~ ~ ' ~ ~ ~ U ~ ~ ~ ' ~ O ~ ~ ' I I U ~ I ~ I ~ I I ~ ' ~ M I ~ ~ U ~ ' U ~ ~ ~ ~ ~ ' ~ ~ ~ ~ R ~ ~  rino-vi~mr liiu~iu 

riu{~lalo~lahrnuq H ~ A  L I I I ~ L I U ~ T ~ ~ I U ~ U ~ ~ ~ ~ I O ~ ' I ~ ~ U ~ ~ ~ ~ O J ~ ~ ~  ~*~3~t1fi31t~1n1iaz~::~;0a 

Yd* 

~1msiilu~~~nir~~ri~n~~~~u1a1uw'u~u114~~~~~~~0~~~~~1n 
d 4 Pd.. 4.1.. M 

Tin111i64-itG~ (~ra-g) Iuni~~i;~in~~ni~l*~~nun~~u 2 ~afia.la~ao~iiii?i (Double 

d.4 Yd 

vial method) i'alat%riuQTdn6  anif if old metbod) gdnrolnlru nnofii16.l (Vials) B~d~rnri~b~d.r~%nd 

11azdib%1&~u~o41flf HOQRIIG (Double vials) 
Yd u Y Y 

1hfi0EI ii~aiu~~o9rrnusn~i1~0~~w~~~uo'u~11tl 61~1~~likk~ Qi %~~1~~~~1~~11~~'1~tl~5~~~~~f)~'~ 

IGI-~YuIIuUPNRRI (hianifold) lfl+wn~~~ifbl~nq dtJ37 diui~wn0~ti/i?6lfi#~n0~11fi? d%~&k 

daony'ui8n7 (Flint glass shell vial) UulR 11.5 UU. X 35 UU. ISUH~ORII~IU ~~UMTIORII~~UO~UUIR 

14.25 UU. X 85 UU. ~ ~ ~ u P ~ u I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o ~ I I ~ ~ ~ G I u I ~ I I ~ ~ ~ I ~ o  dll~~04~~lll~ll0~iln'7'1~~1a* 

d 4 
nvnnliw~~non1u'oo~4u?mn~i3i1~3011@ 

2 4 dd 4 
~ ~ ~ ~ I ~ I ~ ~ ~ ~ ~ ~ ~ ~ J ~ ~ P I I I W ~ ~ I I ~ O ~ ; O ~ I ~ U ~ ~ ~ ~ ~ I ~ U I ~ O ~ I ~ ~ ~ ~ S ~ ~ ' ~ I U ~ X ~ ~ I ~ ~ ~ ~ ~ L ~ ~ ~ ~ U ~ ~ ~  

i~~tl~~i;pl);l~n~i~u~~1~~1~i~~uau~~as~ 10' ~vnRjUn. Liludu~l~na~nlUi7a1iijin~u~mwimzim7luij 

i%qq~fur a:: Logarithamic Early starionary phase IR~uu~~~~~~LY~I~sI~FO~!~~CII~U'I~~~~I~~Y 

~~uair ~n?uaotllu 'InsToTwsmn%holauR' (Cryopmtective agents) iiu 20% nn'uiinn' (skim milk) 

riin?unnocli~i%d w7o 12% ~lra:a~u(aTnsn (Sucrose solution) ~~I~~UHBDRIIK~I~~? nSalJ 10% 

~i~nd~nsu (Dexuanl irruci (Hone smm) aruan~fi (Inositol) MJ O BI~~~~~ U~ ~I~UIFIITDTW~IWR~YI 

18~0~6 (Cryoprotective agents) 

Y 40. m~~~iodri1l~iiu~~1~ WII~QI~~EII WJ rmkildr ~uumf odnuqtua?1m~-im~n~nim85' (Desiccator- 

vacuum pump system) IlZ!~d~4ll~4ll~4 (Freeze dryer) i ~ f  1fllq4 IZUII~~~~OU~?UU~AIU~JF~U 



~ruwm~s~n~~~~$u~a~n~n~i21z~~u~~u~40 Evacuate system i?n& 30 pm U O ~ ~ ~ O W 

pl pl 

6. d~~u~urnrd~~nt~~~mula'~~~~n~~ d 20-30 Prn ~~admn~~ulxn IS ATUJ 
7. id~oiumldn~ $~~~mlaaonna1n1nl7u11az=7~'1~n~~~~i1X.1Iin=:dhou1~*i~un~ 

fla~un~~tndai~R'?e~oonM"1'1110f1~n"~~~18id(~~a1-ti~~ed air gas torch) 

1 1. I~~IUIRISR~ 4 40c 



--. Insuiaiar 
.! : j !: .. 

i 1: li 

uter vraj ! tlinl ylassj 

: i\ '. Inner via! :fhinl gtass! 
L 

4.1 jin~sd~l~%t&t~X~ n. tivvwrnd u uuuauPlrl~6 A = ~acuumgauge B =vacuum pump C= 

Condenser D = Reservoir filled with dry ice E = Specimen vial F = Stadtss~teel pan med with 

crvrllcddry uc G=M.llifold m. U?R~ (Double vial) 4. *~ldt17 (Sirylcvid~) (Miller, 1992) 



2. tl~~iiuqu1nurr~oa~~"n~9i1~an~uoa' 
P 

3. ri3a61ulGo 

4. ~~QJI%uH?~~ 

5. ~ao m~ua~9~4 
Y 
4 u 

6.iVB Serratia marcescens , Micrococcus luteus TIT O 

B 
Eschetichio coli O~IJ~F~O~ISMUJ 

I 

u'uwounlsnl~un 

1uii~~~~rrun"~row 3 ua. 
2 4 

2. iulA~~ug~uriulaon 37 oc ISUI~I 24-48 RIU~ 
3, cj~iifaihl #Ul*ilm7Hr!UIM~U91dO~H?6 Innlam 

Y 

4. MT~~U~OU (Supernatant) 59 

5. i~iwa~aclld~ldulh -30 'C n'a -80 "C 1auix112 h~ur 

6. Q ~ ~ ~ ~ ~ ~ ~ R ~ ~ ~ ~ ~ I ~ ~ X I I I ~ ~ I ~ I ~ ~ O I ~ ~ I ~ ~ U A W ~ O ~ ~ O I O ~ I ~ ~  ouu+Muimmdr:um 

12 -1 8 431~4 

7. dn~~n~rii5~~un~11un%~tr~~~~n~s1a1~3lai~d~~~ni~u15riul~~~a I IBQU 2 

I~DU 3 LR.OU IRU~~IIUR~EU~I~~UIIA~~U ldntlu 01~111~d1ln:lirr$~l5i3~13a1 





4- 

dQ~nm%i 5 n73naler (Mutation) ll~:n14~fl~~~nal~w"9d{nal~ 

(Selection of Mutation) 

riu;nrsu ~~mrd~uu11da~uo~~~d~10d0~0ri1~d~n1~1d~u~i1da~~~~~'1~1nd ~urz~i~td~~unii~a 

t~'u~~I.rakoqliuni~uuIq1ellni01oiin1sId~uull~ (Spontaneous mutation) 

w 4 w 

n'iooi~~nrndu~~i (Induce mutation) ~~um~1~~~~0il~6n14nitlniw isnoamnl~lo~a~ (Ultraviolet 

Y u w 

radiation = W) 4 260 nm ~~~ia0wid3r~~ns~041~11nIr"lX~~ 90-95% ~ P R~~ R~~'~~~ QL~ R~~ W R~ W U R~ Q~ D 

Y- rsrsau A --a d #a 

~ ~ ~ ~ ~ ~I R ~I H ~ ~ ~ QI ~ ~ ~ ~ ~ R ws u R u ~ ~ ~ u o ~ (Pyrimidine dimen) SI~WTURUIUH 2 IU~R~~~ O~RA~"~ % OIJ~~U 

Germicidal lamp I~ UI~ H Z~~ d6w~iqii UV 'Iu~N 260 nm ~~J:G~UII~VOI~ ~IIHYI~~R~IZY 3~nilfll11~ 

4 9.4 

(Mutagencsis) 1~"1+n;171~16u'tu (Dose) ill dg~~n~3~~:).)~n~~8n~~ifiu~1itr~n~fna~u~uiv~~ 

R'iumudonl~r dhliuh (streptomycin-Resistant mutam) n13 ~~1~~1~~u~nal~il~~auni~i7~~ 
44 md 

II~~~~P~~~ G~T RI~~~I A U U~L W OF~ (Gradient plate) ~d~:nau~~~Uhuo4ain~snuanufu:nd1u~u~I~~n 
v 1 

diqh 2 GIJ ~ud~~~~uu'~~~~uun"~ifiii~dil~~ iwuul~ui3IR'rau~~m~~ij~IaTd'iR11'U~u HE 
I Y 

dijhu: nt,j~Giiruulviii?u mrdg'l~~~ii~ii~i~~'1u'u~a::1~ws'n~~~w~i1~i19~'in"~~~ JI~IIU~"UDQ~~~~~~IGU 

rnrn~nos~~~~ninrd'~a~u~un~~u~~uu'u~~~~ loo 'luTnsniuiooimr I ua. 



W Y  
a 

isqpdmd 1. s1ue1~1r1iia~trenmun~~i11i140~1d~ 3 QIU 
444 

2. ~newnuu31~'3uun'od (d?ui~15 10 ua.1 ~IHSV~~~~RJIWSIW 6 ~nom 

3. 1% 1 HS1Qa 

4. riou1lj;i'hq wia 1ww x %- x r I iou 

5. ~I~FI'UUIR 1 ua. 2 iYu 

6. 100 1uTnm~u~a~n. 1 IW~H 



5. ~I~IM~~~~RI~TR~J'~~U~'~IR?UU~'B~~I~I~TI~~~UR"IW~R~~ E. coh fl5~~1~04 1 I*IIIFi Id 

~~U~I~~~~R.~I~~'IOIO~ ~ ~ ~ ? I ~ ~ I u ~ ~ ~ I ~ ~ I ~ I A ~ J ~ ' A R ~ ~ ~ ~ ~ o L ~ F I  40 I'IIW~IUA'~I~UI?~I 3 

uli 

6. n~u~~uilazil~lui~~iu1iliud 37 'c ISUI~ 4-7 iu 

7. n &am 4-7 l~!~nln<hi%& 1uu~~~ol~~rn~uibu~u~~~~1~~5d1fl~tl~u~~ CIJ 
B 

~fi~niid~~~n~rs~Suniuiw inaiu (Mutant) ~;IU~IU~IH~~IRGU~U~U ~IEUYISUY iium 
3 Y r  

w-v 

aia~u<naluninRuu1ulno~d4 3 lnnR n~nwiu~~~~~dhuria~O'~~~~~'t~~~~n~ 

8. I~~~T AT R~~I~~I~ U~~~~ O~ HI~ G~IFI~II U~' OI~~~~~~I~~~ Mama:: I loT.am~ ~uuwv2ulnudo 

~#<SILOU llft~lkJ~% 37 'C 1glJ13fi124-48 ATU~ ~~DUX~UHRORH~U~U<~OII~~I~I~I~UQ 
~uo~~~s~~nlaslllm~o~w 

9. ~r~a~~muriu~~i;luni~~i~1~dl~1u'~~~1~~u~~u11n'ilpl~~~~~vi0~~1; l~uriirnuiu{krun 

1kdn~'le~nlmnun"~~i~w'~~vi0~1i~11~1~~d11~11~ii~0i~1~~ijn1~1~d'i~u'~~~tfi~4~n'~~fi1~ 

iBrnnt~ut,u~i~u,m liuo~uiw~:li~~d 37 oc UIU 24-48 ~ T U P 

~o.1~uu1ffuuoiri~'o1~uoa~1uw'~~~~'1~n1~ ~1~rd~~liu~~tiurnow'u~vi011u'~1~i~1~l'~u 

o~widia~asdf~liiu~u 



61otaJ 
Y P P  

I. iilnlaiiuac E. coii I~~-~~~~~~~~~~~~~~I~II~I~~~~TIR~~~S~IIU~W~~~I~I~~~U~~VOQDIU~W~~IIO~ 
d~u~ind uv un4~1u~llid1uiln.r w ~e:uo~o~udijni~~~~tmiiu~ui~~fi~ns~~uun' 



(Total DNA Isolation of E. coki) 

W d  i 
a~nliun'nu'omlsuoa Oswald Avcq n.R. 1944 ~~~*'IU0110~~0U0n'ij~31'U1v*U~Uf u 

RG EDTA (Ehylenedeetetraacetate) 111~dll#l%llh(Ll~n (Lysing cells) h11tl13Gnd0f1 (Detergent) I~ U 
In; sul~~~n$aQ~d~ (Sodium dodecylsulfate = SDS) ~ ~ ~ 6 a ~ ni mfi ~ # 3 (Phenol extraction) 

ibqpdn.r& 1. LB media (Luria-Bemi Medium) (A~UHIU~B~~RT: 950 ml of deionized H,O bacto- 

-tone 10 g bacto-yeast extract 5 g NaCl 10 g) 

2. TE pH 7.4 (10 mM Tris.CI (pH 7.4) 1 mM EDTA (pH 8.0 ) 

3. TEN (TE buffer (I0 mM Tris-Cl , ImM EDTA pH 8.0 0.1 N NaOH 0.5 % Sodium 

dodecyl sulfate) 

4. SDS 

5. 3 M NaOAc 

6. Chloroform 

7. Isoanl y 1 alcohol 

8. 100 % Ethanol 

9. Microcentrifuge tube 

10. Centrifuge 

11. Pipettman 



1. ~w~:i~u~~an&~ucl~~ufn"~~tll~lu~in~~ 3 un. 16-24 h~ua 

2. ij IIWI~ I .5 ua. UI H~ UI M~~~I UI~~BJ~~ UI~~;~ U Q~~ U~~~I I v~ii T ~ ~ ~ X ~ UI ~ ~I S U R ? ~ ~ ~ 1401~ 

4. D:B~(II'FR&YI~I~A (Resuspend) IU LB 50 PI 
5. ~Ru 300 p1 wad TENS ~nul~u1C vortex 19u1mi 2-5 iui eunrzkwiiu= ?1~si?sdl~luii 

,I& 

6. I& 150 PI UB4 3 M TSII~CIUIID~L~R (Sodium acetate) pH 5.2 5.5 H ~ U ~ O Vortex 2-5 

'i~lii ,;Of jii?UHzflfl.1;7iYU; 

7. ~iiuclnalrdoiu (Chloroform) 36) p i~ne'lol.a~oiia ~lsanosod (~soa~nyl alcohol) IW PI 

wnuoriwr~wd~~unaz~~19~~~~3 

s d~rnsw~urnw%q 4500 rpm igunn~ 15 UI% a-iii~rnwin~u I~u~unaolrdaiua~diiwHao~ 
Y .  

Ilariui1guiuli2uuaqic11ni un:iuuuxpi~uiuueprj; (Aqueous phm) iii DNA 
LI 

9. diu~uuuqfin~luviao~~n~ 

lo. iu iw sa lomuan 600 pl iri~uim~r n;olifuj;i -20 oc 1~un.15 u~ 

I I. nyulw:ud l0,oO rpm ~ UI?~I I5 U I ~  IW Supcrnamt & BIO~AUIII~I~R (Pellet) SVI~~~~RO$ 

14. azaw DNA 1watn~31u TE 40 pi 

15. ? ~ s  l:~fl?l~r~11~~%s~~16~1~i\*3~ ~1PlflT~i5 I~IH~IRBJ *18~~1f1151~0i119 DNA 30-50 !Oil Ila: 

'14iad w ~n~iuu~?n~u 260 nrn n~~u~UYuh~0~ii~b~~~i~u3~1ioin~a~ 

Y pl4d 
fl3lXIIvU%UfliOUIB pg/ml = OD ,, X dilution factor X 50 /lo00 





4; EDTA (Ethylenediaminetetmcetate) IRO~I~IXIP~UWG~IWIPS (Break down cell wa~) ilnri&tfuiaad 
Y 

~l.l~FIfl (Outer membrane) lln:~l~#llrn~~ltHfI (Lysing cells) ~2tJfl75Lu'fldElfl (Detergent) I ~ W ~S~IGUII~R 

18fi&1&1id~ (Sodium dodecylsulfate =SDS) ~~n:R'un?oI#d 14 (8oiling or treatment with alkali) nir'lG41s 
Wd 

azihu~i.rrns~wjuoarnn viilnniou~oi~ih~nr TU'ISIU~~~UL~ W (Linear C~WIIIOSO~~I DNA) ldunmn 
n d d dm W ~ ~ ~ U R RI O U ~ O ~ ~ ~II ~ P ~ ~ ~ ~ ~ ~ U ~ ~ OII U ~ O O ~ DI ~ ~ ~' ~ IWIIIIRI.)~~~(~ORW'U~'U )ii~fitilUi~t~ii~d 

~nn~dni ~uI~~~vo~wI~I~R~~u~~~IIII~~I~u!~u~w~o~ II~$;~~JR~u#?u~IS nn'm63uAuon (Phcnal 
4 d 

extraction) l~d~9i01'1d'i~~00fl 

walflfisl (Plasmid) I ~ U  ~1S*i~~~~lU~O$U~~~~~1~~%1~~~1fl15filtrll~UB~7~6~5~~lfl 

Tnr TuTauuoq~.aan' na iniiRifiuiirduiod18uai~~ d~u'ln~~brrm amn~R~vuim11mnd1~iiukq1id I 

ATalun-umni~ 1000 n'lniua winnri~ii~~d~~u~fi~~u'~'~~~n~~f;~uiiu~ (Origin ofreplicalion = ori) 

n1~iiuiiuua~oi11u'u1II9uG~n1~1~~3~40 2 n'an14 iiau 34 roulcarflun~sfi7uiiu1~13~10~1~6~1~aa' 
4 a 4 a. 

1aYo~llniiSumrri10~11111 nrnaua~o~1ul.aa6$~19%u"~fi'u wfi~nu'~u~~rumumu?up (Copy number) 

Goulia~ 1-3 an Low copy number plasmids U~~ %~ R~~~ U~ U~ R U-I~~~J~I High copy number plasmids 

~ ; w ~ ~ u ? u ~ ~ ~ ~ I ~ I I ~ ~ ~ ~ D Q ~ I ~ M ~ B  ine $indidrnuquwinniRdil~n9;i~fi'u 2 au'~~o-rnlnrari~rn*~i~u 

~luului~a&tu?tiu itoiirnsfiiuna1n~~1~11fl9ut~aa'~ij wrnniia$nau~~~u"~wai~~~~fiitl~u*11dlni 

o 1 e ~ i a i w ~ n o ~ r n n ~ ~ ~ 3 ~ ~ ~ ~ i ~ ~ d l ~ ~ ~ ~ i ~ ~ ~ i ~ f ; 1 ~ 1 1 ~ ~ ~ ~ n ~ a i ~ i i ~ ~ ~ ~ 0 ~ G d  liailnralu'ifiu'lA' 

(blcornpatible = inc) ~ Y ~ W ~ ~ ~ R ~ ~ ~ Q ~ ~ ~ U ~ ~ O ~ ~ ~ ~ I L ' L I P I ~ U  I~B&GII~T~uI&GU~~ lGlf%4!; (Compatible) 

4 A 
wnint~mu1sofi1un~~0in~~na~~~1dt~~fi1~a~~u$~i~11n1~~~~~1n4~ (conjugation) ~idnrnniiau~a 

ai~in'i~u!li9innau'a~iui~od1un~w~d1fiaunisne,ue~n4u mrti1clnnngnn3~?sh na repian 44 
~Elu~~~~~untjluwmaiin rnsiiu7nol rr~ 9uwa1niinri~wa%li1~y~0n~~~~~1~~1~w~i~~~~u*~ld3u 

'in5h'lllcr~ nrllau'~~4slulsolfl~~~t*lu (Mobilize) ~~~l~~6~~~~~~.l1~5*i~1~11~10l~t~~a"~u$4~d"o~1tll~~ 

MU4 



Gun Hp (High frequency of recombination) nll~ w~~~~~kfl~~id~~~ln F nnld~ &~ui.ro~cln"nub~o 
A tuve~krTuT.au F ~ ~ ~ ~ ~ ~ ~ H ~ ~ ~ I ~ ~ ~ ~ u ~ Q ~ I ~ u ~ o ~ I ~ u ~ Q G u u I R ~ ' I z u I ~ ~ ~  100 jiua IUUPI~OIHUJ 

uo~nrnfiii~dr-.oou~~u~u~~311~un7~ ~~u~IIIIIv~Qw~~~~Gc~~~I~~ (Inc im: mi S) ilrrrii Traaaporible 

~l~l~lts &~~MUYI~L~?II Episomes ~BR?~U~~IUI~O~QZI#I~JH~IIH~~U~'III~~~IUI(IIUUO~ 1%ad Host 11% 

Gu&a PO ~11~utu~aou1~irmrdiun0~101n1~a~~u"~1d'~nis1nd~u'~ rrmnu'~~z~u6lriidwio 

* K 
SDS denaturation method ~~~~~ Q~ HuIuu~~u H. C. Birnboim lint: 1. Doly (1979) ~nld~fialqbi 

f qp Jnad I. LB media (Luria-Batmi Medium) (~?UH~~U~OZR~ :950 rnl of deionized H20 baeto- 

trypione 10 g, bacto-yeast extract 5 g, NaCl 10 g) 

2. TE pH 7.4 (10 mM Tris.C1 (pH 7.4) 1 mM EDTA (pH 8.0 ) 

3. TEN ( TE buffer (10 mM Trir-CI , 1mM EDTA pH 8.0 di 0.1 N NaOH 0.5 % Sodium 

dodecyl sulfate) 

4. 3 M Sodium acetate 

5. 100 % Ethanol 

6. Microcentrifuge tube 

7. Cer~h-ifuge 

8. Pipcttman 

:zd~G 

1. ~w~:l~u~l.m&iun~~trl~~i~ul~~u~~w~~~na~ 3 un. 16-24 42~~9 

2, iiil~nn' I .5 un. u~~yu~ w~u~lu m~n~~ Y~i~~~~~8~~~n~ 1 UIB Tmalr7ulnriau~f~G 14olH' 

I~ R~ W n~nmwewna' 
pl 

3. 1flfi'lua0uG.l 



4. ~ z ~ ~ ~ ~ ~ ~ zI ~I w ~ ~ ~ FI (Resuspend) IU LB 50 PI 

5. l;u 300 PI uo4 TENS HAUTAU~~ Vortex l8~l2m2-5 j~la DU~~L&~ WGU~ al9~i?0jlq1u$l 

I& 

6. da 150 pI uo4 3 M ~~i~ualio~l~~ (Sodium Acetate) pH 5.2 nto 5.5 wnu1~r.J V~FX 2-5 
Y U 4  

~~IHY~IU WP~UL~ I~~U+I 

7. nYuln$u4lu iu hrlau~jihj 2 uiii~Aori1l~~uri~uu~~1~llni1~n~'1n~1~'1~~10a~~d~~~~n 

*Y u 49 
8. T~IU~~U~OU~P~UH~IDR~U~~ ~nulnn~num=u 0.9 ua. und loo % lomuoa sd.rrillk8uaai 

W Y  

-20 *c ;4n'4'l.r I0 u1ii 

9. nuuin~aalu luTnr~.au~iP?i 15 ~ 1 %  do~na~n~ DNA Ilar. RNA (1HYkm~ IWII~R~UI~) 
Y 9 

lo. &ri?unoe ~i.rlwnmsli2i?u 70 % njo HQ % lomuoa ~~n:rii~rmrnn~~u~i~~~itl~a*q~~ifii~ LSU 

12. ~t~cil~~fi?l~~u*~u'~910~~1~~10~~1! tYldn~~3~d'I~filWIf ~~~~lfll~t~0014 DNA 30-50 1i1 ILa:: 

141a.r w inwuumniu 260 nm R?~UIUYUUYUUDPGI$UIO~IU~~I~QI~~~~'~ 
Y Y a d 

fl?lU~'U'LItlUfilDU!B /..bg/ml = OD, X dilution factor X 50 /I000 





4 G d@%~mm3i 8 3adnFn~Ffila (Electrophoresis) W89(.llBPdl8 

w ad 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ : ~ ~ ~ ~ u ~ ~ u ~I ~ uI o ~ B ~ oI ~ u ~ ~ ~ ~I ~II u ~ ~I u I~OPOI~TUI~?~UB~~I~UIO~~UIR 

h$ %n~~loa&!nhsTd?%~ (Gel eleehophoresis) I~um(1~niin1~~1~1~1~~9~unis~Iu~ IZ~( W~R 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ U ~ ~ P ~ I ~ U I ~ H ~ ~ ~ ~ ~ I U U U I R ' U O ~ ' I S J I ~ ~ ~ I ~ U ~ ~ ~ ~  rnnu~~~i~u;~rnAiw S~RI$~ llnr 
w.4 

~ ~ ~ ~ ~ ~ ~ ~ U ~ ~ U ~ ~ U U D ~ ~I ~ U ~ O U UI ~ F ~I ~ ~ OO~QI~~~U~RU~~~IUI~O~'II~~OU~U~~I~IIU~ 2~~~~~~~~~~ili 

l+<uodriuuln~uo.r%8ulo \omT.rmaa (Agarase gel) iiiiuia1uni~i~liunduoi~uvo~iiI~uIo1ui3~i 
gn 2 q~ dn~'~&lun~ud~ud~uu~a~H~ JJZUIUI loo diundq 20 Zlnlu~ 11azitu~1aud~u~lw~niio1n lo 

n'lniualqu~noi~ zoo n'lalu~ lan8ldnl~r Trli5n ~iinu~ulrl~~nriu~a~u~~~l~~~~nl~ lom'lr man 
d sr 

I8uMo~ruorn?RuIo1n1"IIi'IIil (Seaweed) ~buoddrroouuoq Agar Agar ~JIBU~UP~~UL~~ UO~IIIR 

lomi (Crude agar) G U A Q U O P ~ ~ ~ ~ ~ O U W O P W O ~ ~ I ~ ~ ~ ~ I ~ ~ ~ ~ I ~ : I I R ~ I ~ ~  Agar ~UL~U O~$~I~~UU O~D 

ii119nrnbci (Sulfation of the palysaceharide) n1ld1l~i~~1)a*i1l8~~i11X10n11f ~~nau1uljdldai IW 

~~~U~I~~IIIU (Gel cast) ~GM?~Y~II#~ZRI~U~'O (Well) II ~ z ~ ~ ~ ~ ~ ~ uI OI ~ R U ~I ~ H* ~ ~ ~ ~ 1do6~uhoq 

~o m~~n~~uhn~u~urn~~~tln~~u~~'~~~~ua!~u~~~~id~ 1u41ui3~ Wdni14 0.7% -I % lomlrn ion 

mr 8ouff1$uio JnR.laY IO{I?~UUIU t (Ethidium bromide) ii*Jq€lFIllTfl%~4 &orlmln1<1Id~:n51(lun 

a~nil~1~~uo~~1~ur0l1n=:ilnlsril~i1uultfls (Frameshift mutation) 

idoiiiln'rn~Rnu~uld~1e'u~no~toa ~ldutoJsiidr:~aud p~ Ifiunm~ltldouil<imE311~n (Anode) 
a dJ 

bnrnr~naounvuo~~~~o'u~i~~ ~drr uu~nlu~n~stwo~iilbuln n~iulbGuunciornTrrr Tnr4;duo.r 

&8uto odds:nouuo41un ?pl@ m5Z Intercalating dyes oq6dil~:nou~~ag1I/hldiGndldni 

isqednsd 1. iomTr n (agarose) 

7. I0 X TBE buffer 

3. Gel Apparatus 

4. Flask 

5. Microwave oven 

6. DNA sample 

7. Loading buffer 



8. Pipettes 

9. q d ~  (Gloves) 

?j~d@El 1. 6Ri4lRfB.I Gel elccmphorcsis ~R:UU gel caster ~IHTUL~~O~ 

2. ~~M?IJ 0.7 % Agarose gel c4 0.49 flh agarose 

11. ~n?auR'?oh~ '1~~14 Loading buffer 3-5 PI f~hd14 17-15 p1 

12. Load &l0t;l~Zl44~ well 4 3 ~ Micropipctter 

I 3. 1n'ms~a~ou~~1duufoou04In~~~ ilnr Run gel ounr& Brornaphcnol blue & 

6uma dsru~nr 1-2 klu~ 

14. IHYHIXI~RI~UIQ~IOL~ TRU~OU~~&XI 0.05 % ~uf!hu? (Mcthylsnc blue) dulx~ 30 
Y .  

ul; I~~:X~~Z~~~~I GU M O OB~X~~ (Dsstain) ~'?o~mriuounr:&& DNA band 





dfiGiniA 9 ni~ael~~niensiuddoi~ufu (Transformation) 

pl d lad a u 
mndnq (Transformation) ~U~~~J~U W'~~'~I~~~'~~~IH'IEHS~~~~CI~UII~ %P~~UIG~I~IU?IRI~UIOROR~ 

4 
(Competent) a~~~u~1~~~ijtl~1~~1~n'~~i3n~1uai11ilin9~n~~~1~~~1n~n'~~~11in9~~=:nii~'i~~~~~~ 

4 -9 

~~o~~~ur:u:ue~mrc~~~~~n~u~a'afl~~=:uo~H'o.~dg~~~~nisdnfi %~lr~msn~l<&~~ &lic~iimagnnrrdi 
J U U  

(Treaments) m~~~n*dn~~~n~~~~nunnnu~uui *IUR~~~B~~IU~SBG~~'I~~~~.~I&O~I~~QIC;I~~~ 

Streptomc~t~~ pneumoniae Haemophiltcs influenzae (Alemdtr and Leidy 195 1) Bacilltls subhlk (Spizizen 

195s) ~ou~nudu1nn~~tl~1~~~fl1~~n14fi~5:6~~11~1~5=:~~1~?'~o'n5ni~~a"u1~ 

Y a. mrci,ulluuuoqiui7u~itguloHsruwniu (Integrated DNA segments) II~:~I~~O~IIO~~~~UOQ<QIILIRZ~ 

1$iuenni8 ur?n~avui~~1$in"w clones ~iimr11dn~hs41ulnJ9d 

luliIJ~i!d~llfl3~n~ du Hoemophilus ~~Bmlll;l4 Competent factor I~Z~~~ U~ U~I~ RB UI~I=:~~~~~ 
f i$u1oiland1.roin11nfuvqn ~I~~~~~~I~T~TI~TP~'~GI~U~D~V;~~U~I~*I~~~J~I~~~'~IB~~L~UIB~O~IU~~~ 

1ula~n~8nu~sei~suhu E coii if1iu~Ga~/iu(lliijinn1~t~da~ori1~ii115=:dnimnt;lds1no~nm~~n 
B e 2  

nrrirbuii~m n1.r~~cloui~mun'~o~~~~tl~~a~~~~un~=:u~~n1~wt1a0~1im wm~uu'l~un~sd~wfi 

~.ra&nn ilnzliiaidu Sphemplasts ~i~d~~~d~~~~~u~~na"s'w~oi CI~U~ OTAU~~~ Treatment 62s ca2- 

~iarl;  cat shock (Mandcl and Higa 1970) h? J I ~ U ~ I ~ I I P ~ U ~ ~ ~ ~ " ~ ~ I T ~ L L ~ ~ I ~ U U ~ ~ ~ ~ ~ ~ ' J I ~ ~ U ~ ~ I ~ I ~ ~ ~ ~ ~  



5. aisnzalu 0.1 M CaCI, 

6. ~141d~liI~4 

7. illf 4 

8. In$04nyuin!a4 (Micmcenmifugc) 

9. nao~n~uiw~u~ (centrifuge tube) &ill173 h& 

lo. Inio.riiq& dsolnnii 37 oc lint: 40 oc 

1 1. E. coli JM 109 (recA 1 sup E44 endAl gsdlr7 gyrA96 relA ihi (lac-prom) F' [truD36 

proAB+ Iaclq IacZ M 1 51 

~s~~?~~uRBu~I~u~'I~P~ (Prepamtion of Competent Cells) 

1. ri3rn~ml~l.anli (~noculum) E. coli JM 109 LB 2 UII. ~uI~;~~~uTR~Iu~u~ 37 'C 

224 
ci~u~aoni~uT~biun"u I ua. aduoim3 LB 50 mi II ~ ~ ~ A O U ~ ~I ~ ~ A P U T H T ~ U ~ ~ ~ ~ S ~ ~ U ~ ~ ~ U Q ~ 37 'c 

ounr:*i;rri~ms~~nbu~lnc (OD) Ci 550 nm dr-lncu 0.5 
., Yd Y Y  

2. i 1ir a a ~ n ~ a u o d ~ ~r ~ ~ 1 ~ ~ ~ ~ ~ ~ ~ ~ a ~i ~ ~ ~ ~ ~ 4 ~ ~ ~ ~ ~ 1i 1 ~ ~i ~ ~ 1 ~ a 3 ui; 

3 nqum%.r (Centrifuge) 4 8,000 rprn 18~13~115 ~l k 

4. lii~~~~n~ mEilil~~i~~~~aua~u (Resuspend) IniTnul+m'n7i~~ai~~~l'1U 10 ua. VQJ 0.1 M MgCl, 4 
e.4 
IUU%~II$~III$P lluu1~%4 (Centrifuge) d 8,000 rpm i8~17Cll 5 UI; 

5. i1~~w~n1iliniil~~~1~ii913~51~~ (Resuspend) IM~RO%I?~U~UU~~~~ 10 un. UBP 0.1 M CaCl, iu 

IU&IIS.IISUI~RI 20 UI; 

6. nyum:ud (Centrifuge) 4 8,000 rpm I~UI?EII 5 ~ 2 i  d1lh~fll~fidi~~fl1511~3ui~~~u 2.5 ua. 9o.l 

0.1 M CaCI, + 350 PI Glycerol 

7. fil~ Aliquot 500 p1 ~ 4 1 ~  Eppendorf tubes ~~l~f?Rlt? ll$ll%l1~ ~IIIJ~L~~Y~LO W~UOF) IIFI~IXUI% 

-70 OC 

8, l+noul~muni.aa~iluoisn~~udd~s"~u~u 200 p1 



(Reagents) 

3 rj~~n~fi~~~~u~~d~urnfo~o'~li'i (water bath) 4 42 oc I~ U~~II 2 ul; rnr*iil$~fik-~4hum1ufou 

W d 
(Heat shock) o ~ ~ ~ u ~ ~ R I o u I o I ~ ~ ~ ~ ~ ~ ~  

5. nreoIs~iB~RaRr4ntuu LB agar plate ifi Ampieilk ift~(i~l~0fl IITIU~~Q~LIUU~ ~ u~ w~ A~;I~ P~ 





eQACl 

~QPIFIAI~~! 10 mWi~~~lf&i PI (Conjugation) 

ol~~au(m~u1~un1sf;~~n0~~15iu~n5f u~un"c(ni~t~u~~~uo~f t1ni58uGa4zniij1~nd 
d d 44 u 44 .i 

lo. I) ~RU~IU~~~~UL~~~HUP~~U~~~~U~~SIU~~~H'~'Y~LII~~~~ O O~IY~P;H~~ Q IIYJ~ WI~U~~~UI~~P;~~IU 
r d 

no~~nriupnr r ulHY~u"Ont~~~n'il~u~Et~fi@n' (~0.m) IMT izii F nainQ~ fiurnrai@G<~~ilu F' laad 
44a 

ri~rr~~-n~~~u~iu~i~w'u~n~~u01n'in~~11nn~u~~~ {Yu (Recipient) F ilrnd~ Gun ~.lvnb - A a 
F nninlj~ 1~u~18~1onrn~u~n1flua~uuia~8fi (94.5 ~b) wmuimriitlltuu Oleplication) G~blTuGlu 

1(lra~~ioih~dwnu~niun"~lnal~1t~~1~0~1u~cl' F ~IA (F pili) +3~Yiil#15~ni~BVUH'as~~ji~1~11nrin'u 

I%& aicl1du2uns F ~~~u1or~~nciie~1~'1'11nd~r'~1~tliiunl~~~~u'~~~lla6~in=:ldo~~~s1ni~~n~aiu~~i 
J 

az~nn~i~uul~e~~uutiiu1i~~uo~~~~0;~5'~ ~Iiirnni ismnaiari~&nainu'~~~~~ dlulc11aidiudun 
,Y 21 

~ant&i nnuLouetmud (~ransconju~ant) d ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ h u ~ ~ ~ ~ u ~ ~ ~ w i ~ u ~ ~ ~ ~ u u n ~ ~ i i u ~ d ~ ~  

iu ~~bu~o~~?u'iul~lno~~n~it~~'~d*~~~~fliu~~~~~f IUI%IU$L~~U=.I~?~I~ 1 Tnrlulauuoa~?~ Gun 

I.aa~iiirnrriugnr*uL~i~~wauwaiu~u~ns~u~vudi HFr (High frequency of recombination) 

" 2 
1. 01~751~~41~0 Minimal Salts + Glucose + Thr+Leu +Thi + Pro + Met (Selective media Z?lI7?lJ 

E. coli 153 (RP4) E. coli HB I01 (pKT2 10) Donor stains) 
C Y 

2. 01~79 1~~41~0 Minimal Salts + Glucose + Thr+L,eu +Thi (Selective media ~IM?II E. coIi C 600 

F- Recipient stains) 
C Y 

3. Fll~lll~~91%l Minimal Salts + Glucose + WLeu +Thi + TC" (Selective media {lw?~~ 

Transconjugant ~lfiFi01fl E. coli 553 (W4) Donor stains) 
* Y 

4. 01~731~~91?8 Minimal Salts + Glucose + -Leu +Thi + crnM(selective media dl~?~ 

~ranscon~u~ant il~FlT11f1 E. coli HE 10 1 (pK~2 10) Donor stains) 
C 

5. ~fi?~~6~Gitluu1plrii (Shakmg water bath) 

8. E. coli 553 (RP4) , E. wli HB 10 1 (pKT2 lo), E. coli C 600 



E. coli HB I 0 1 (pKT2 10) LB 5 Ua. + Chlomphenico125 pg/ml 

2. liu~&'Iu in&'8~fiiL$~oln~ii 30 oc lilunm 15-18 42h4 

3 ~mmsnoupm~u Tfia%iu~rnah~ @~(~ coliJ53(RP4)~?0 E. mliHBlOl (pKT210)0.2 

ufi. a. r l d i u (E. coli C 600) 0.2 Un. vu Selcctivc media di~ %~ 

Transconjugants nnumn*iu<i4no.r ~~unu~e~uoriilfir~01~3~n7'1~ ImEdbU&~%u 

Selective media 

63 



4, Y~~~~R?U QU Negative oonml ~RUHUR LB 0.4 Un. llnr L~8lldnmmu~u~ 0.4 un. ti9~1.1 

Selective media 



















V n-1 









f = C * 
N C  D 2 

- (C D)' 
n - 1 






























