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Purifying	
  DNA	
  using	
  silica	
  and	
  chaotrophic	
  salt	
  
1)	
  At	
  high	
  salt	
  concentraJons	
  and	
  low	
  
pH,	
  hydrogen	
  bonds	
  are	
  broken	
  
between	
  the	
  hydrogens	
  in	
  water	
  and	
  
the	
  negaJvely	
  charged	
  oxygen	
  ions	
  in	
  
silica.	
  	
  Sodium	
  (from	
  salt)	
  serves	
  as	
  a	
  
caJon	
  bridge	
  and	
  aRracts	
  the	
  
negaJvely	
  charged	
  oxygen	
  in	
  the	
  
phosphate	
  backbone	
  of	
  the	
  DNA	
  
molecule.	
  

2)	
  At	
  low	
  salt	
  concentraJons	
  and	
  
higher	
  pH,	
  the	
  silica	
  and	
  DNA	
  is	
  
hydrated	
  and	
  the	
  DNA	
  is	
  eluted	
  from	
  
the	
  membrane.	
  

Na+	
  

Na+	
  



E.	
  coli	
  (NEB5alpha	
  or	
  BL21)	
  growth	
  curve	
  
•  exponenJal	
  phase	
  

-  binary	
  fission	
  
-  OD600	
  ~	
  0.4	
  -­‐	
  0.8	
  
-  machinery	
  ready	
  

•  OD	
  ≠	
  absorbance	
  
-­‐OD=Opitcal	
  density	
  
-­‐measuring	
  turbidity	
  rather	
  
than	
  absorpJon,	
  light	
  
scaRering	
  predominates	
  
-­‐E.	
  coli	
  yellowish,	
  so	
  they	
  don’t	
  
absorb	
  600nm	
  (=orange)	
  
-­‐600nm	
  is	
  safer	
  than	
  UV	
  
(UV~300nm)	
  for	
  DNA	
  in	
  E.	
  coli	
  	
  



Induce	
  IPC	
  protein	
  expression	
  

-­‐	
  IPTG	
  control.	
  
on	
  ice,	
  eventually	
  spin	
  down	
  OD600	
  ~	
  0.8	
  

+	
  IPTG	
   2.5	
  h	
  at	
  37	
  °C	
  
spin	
  to	
  check	
  	
  
pellet	
  color	
  

if	
  white,	
  grow	
  
overnight,	
  
faculty	
  will	
  
pellet	
  &	
  freeze	
  

If	
  yellow,	
  
measure	
  all	
  
OD600	
  values,	
  
and	
  spin	
  down	
  

•  for	
  three	
  samples:	
  X#Z	
  #1,	
  X#Z	
  #2,	
  and	
  wt	
  IPC	
  



M2D5:	
  Induce	
  protein	
  expression	
  
2/23/2016	
  

1.  IPTG	
  inducJon	
  of	
  inverse	
  pericam	
  protein	
  
expression	
  

2.  Prelab	
  lecture	
  
3.  Analyze	
  Sequence	
  Data	
  
4.  Count	
  Colonies	
  	
  
5.  Harvest	
  BL21	
  for	
  protein	
  purificaJon	
  



•  DiagnosJc	
  digests	
  
•  Sequencing	
  

–  good	
  to	
  have	
  both	
  F	
  and	
  R	
  primers	
  
•  	
  	
  
•  	
  	
  

–  	
  di-­‐deoxynucleoJdes	
  terminate	
  elongaJon	
  

Do	
  we	
  have	
  the	
  intended	
  mutant?	
  

2X coverage of seq. of interest

good coverage of greater than 500bps

2X coverage of seq. of interest

good coverage of greater than 500bps

dNTPdNTP ddNTPddNTP

IMPT note this is 4 
separate rxns
IMPT note this is 4 
separate rxns



Sanger	
  sequencing	
  by	
  Genewiz	
  

capillary gel= size, small pieces  
come out first
capillary gel= size, small pieces  
come out first



Aligning	
  your	
  sequencing	
  data	
  to	
  pRSET-­‐IPC:	
  



We’re	
  making	
  progress…	
  and	
  proteins	
  today!	
  



BL21(DE3)pLysS	
  competent	
  cells	
  
•  BL21:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  bacterial	
  strain	
  
•  can	
  express	
  IPC	
  protein	
  	
  

–  inducJon	
  by	
  lactose	
  or	
  analog:	
  	
  
	
  	
  	
  	
  	
  isopropyl	
  β-­‐D-­‐thiogalactoside	
  
–  under	
  ______	
  promoter	
  control	
  in	
  

pRSET	
  vector	
  

•  DE3:	
  bacteriophage	
  (	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  )	
  
–  used	
  to	
  integrate	
  the	
  lac/T7RNAP	
  

construct	
  into	
  E.	
  coli	
  

•  pLysS:	
  protein	
  that	
  produces	
  	
  
–  lysosyme,	
  which	
  binds	
  to	
  T7RNAP,	
  

reducing	
  basal	
  “leaky”	
  expression	
  
–  retained	
  by	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

(Cam)	
  selecJon	
  

E. coliE. coli

T7T7

virus virus 

chloramphenicolchloramphenicol



Let’s	
  piece	
  together	
  this	
  “protein	
  inducJon”	
  story	
  	
  

①  in	
  the	
  pRSET	
  plasmid	
  
–  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  promoter	
  is	
  consJtuJvely	
  on	
  
–  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  promoter	
  is	
  turned	
  on	
  in	
  the	
  

presence	
  of	
  T7	
  RNA	
  polymerase	
  
	
  

② in	
  BL21(DE3)pLysS	
  
–  T7RNAP	
  gene	
  engineered	
  in	
  DE3	
  cells	
  

under	
  a	
  modified	
  lac	
  operon	
  control	
  
–  lacI	
  encodes	
  a	
  ____________	
  that	
  

binds	
  to	
  ____________	
  ,	
  thereby	
  
turning	
  it	
  off	
  

–  in	
  addiJon,	
  T7	
  lysosyme	
  inacJvates	
  
T7	
  promoter	
  

bla	
  

T7	
  

pRSET-­‐IPC	
  
	
  

4141	
  bp	
  

la
cI
	
  

control	
  

T7
RN

AP
	
  

la
cZ
	
  

pr
om

ot
er
	
  

op
er
at
or
	
  

genes of the lac operon

BLABLA
T7T7

repressorrepressor
controlcontrol



Let’s	
  piece	
  together	
  this	
  “protein	
  inducJon”	
  story	
  	
  

①  in	
  the	
  pRSET	
  plasmid,	
  T7	
  promoter	
  on	
  only	
  if	
  T7RNAP	
  present	
  
②  	
  in	
  BL21(DE3)pLysS,	
  lacI	
  =>	
  repressor	
  binds	
  control	
  area	
  =>	
  T7RNAP	
  turned	
  off	
  
	
  

③ if	
  lactose	
  is	
  present	
  
–  lactose	
  binds	
  to	
  repressor	
  and	
  makes	
  it	
  ___________	
  ,	
  thus	
  turning	
  

___	
  expression	
  of	
  T7RNAP	
  
–  with	
  T7RNAP	
  present,	
  the	
  T7	
  promoter	
  is	
  ______,	
  and	
  IPC	
  expressed	
  

lacI	
   promoter	
   operator	
   T7RNAP	
   lacZ	
  

lactose	
  

repressor	
  
T7	
  RNA	
  

polymerase	
  

T7	
  

pRSET-­‐IPC	
  

inactiveinactiveONON

ONON



•  isopropyl	
  β-­‐D-­‐1-­‐thiogalactoside	
  
•  structural	
  mimic	
  of	
  lactose	
  
•  Both	
  lactose	
  and	
  IPTG	
  are	
  taken	
  up	
  by	
  E.	
  

coli	
  but	
  unlike	
  lactose,	
  IPTG	
  is	
  not	
  part	
  of	
  
any	
  metabolic	
  pathways	
  and	
  not	
  
hydrolyzable	
  by	
  β-­‐galactosidase	
  and	
  uJlized	
  
by	
  the	
  cell.	
  

IPTG	
  is	
  a	
  lactose	
  analogue	
  

lacI	
   promoter	
   operator	
   T7RNAP	
   lacZ	
  

IPTG	
  

repressor	
  
T7	
  RNA	
  

polymerase	
  

T7	
  

pRSET-­‐IPC	
  

IPTG	
  	
  	
  	
  	
  
	
  

lactose	
  



BL21(DE3)pLysS	
  



In	
  lab	
  today	
  

•  IPTG	
  inducJon	
  of	
  IPC	
  protein	
  expression	
  
•  Analysis	
  of	
  DNA	
  sequences	
  
•  Count	
  mutant	
  colonies	
  in	
  BL21	
  
•  Measure	
  OD600	
  of,	
  and	
  spin	
  down	
  six	
  samples	
  
– wt	
  IPC 	
  1.5	
  mL	
  –	
  IPTG 	
  3	
  mL	
  +	
  IPTG	
  
– X#Z	
  #1 	
   	
  1.5	
  mL	
  –	
  IPTG 	
  3	
  mL	
  +	
  IPTG	
  
– X#Z	
  #2 	
   	
  1.5	
  mL	
  –	
  IPTG 	
  3	
  mL	
  +	
  IPTG	
  



Methods	
  homework	
  due	
  M1D6	
  
•  Methods	
  M1D3-­‐M1D5:	
  SDM,	
  Prep	
  of	
  expression	
  system,	
  

protein	
  inducJon	
  
–  Eliminate	
  109	
  specific	
  details	
  
–  Do	
  not	
  include	
  obvious	
  details	
  such	
  as	
  info	
  about	
  tubes	
  and	
  
water	
  

–  Avoid	
  repeaJng	
  informaJon	
  
•  Use	
  subsecJons	
  with	
  descripJve	
  Jtles	
  

–  Put	
  in	
  logical	
  order	
  
–  Begin	
  with	
  topic	
  sentence	
  

•  Use	
  clear	
  and	
  concise	
  full	
  sentences	
  
–  Avoid	
  tables	
  and	
  lists	
  

•  Use	
  the	
  most	
  flexible	
  units	
  
–  Write	
  concentraJon	
  rather	
  than	
  volume	
  
–  Report	
  concentraJons	
  (NOT	
  volumes)	
  
	
   -more than 1 way to write a methods section

-assume the reader has some molecular biology experience
-more than 1 way to write a methods section
-assume the reader has some molecular biology experience



Improving	
  your	
  Methods,	
  Example	
  1:	
  

Template	
  DNA	
  (5ng)	
  and	
  primers	
  were	
  mixed	
  

with	
  20	
  uL	
  of	
  2.5X	
  Master	
  Mix	
  in	
  a	
  PCR	
  tube.	
  	
  

Water	
  was	
  added	
  to	
  50	
  uL.	
  	
  A	
  tube	
  without	
  

template	
  was	
  prepared	
  and	
  labeled	
  control.	
  

1ng/ul1ng/ul

1X Master Mix (5Prime, City, St)1X Master Mix (5Prime, City, St)

2pmol/ul IPC forward (CATTAG...) 2pmol/ul IPC forward (CATTAG...) Inverse Pericam (IPC) was amplified from pcDNA3-IPCInverse Pericam (IPC) was amplified from pcDNA3-IPC

** thermocycler conditions should be included as a sentence** thermocycler conditions should be included as a sentence



Improving	
  your	
  Methods,	
  Example	
  2:	
  

A	
  liquid	
  bacteria	
  culture	
  was	
  pelleted	
  and	
  the	
  

DNA	
  was	
  purified	
  using	
  a	
  Qiagen	
  kit.	
  	
  

1.5ml NEB5 alpha (insert genotype) overnight culture was collected1.5ml NEB5 alpha (insert genotype) overnight culture was collected

QIAquick ....(Qiagen, City, st)QIAquick ....(Qiagen, City, st)

according to manufacturer's protocl with the final elution in 30ul of dH2O pH8.according to manufacturer's protocl with the final elution in 30ul of dH2O pH8.

pRSETb-IPC-D49HpRSETb-IPC-D49H


