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Goals

e Learn some basic techniques
— (Micro)Pipetting
— Making solutions and dilutions, order of operations
— Using spectrophotometers and running gels

 Disrupt tissue and purify nucleic acids
— Experimental design
— Yields versus representation

* Process nucleic acids to a usable form
— Microarrays

— Sequences
— gPCR
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Student Responsibilities

* At the end: read a protocol describing how
a seguencing library was created, or set of
microarrays, be able to describe what
each step does and if any are missing,
carry them out yourself and know what QC
steps should be done, and explain how the
choices affect the way an analysis should
be carried out, if any biases were likely
caused by the methodology.
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Grades

 Come to class! Prepared! (50%)

— Coordinate with your partner when extra-class attention
IS needed

 Keep a lab notebook — in pen. (10%)
— I will check it every two weeks and provide criticism.

e Write up experiments — 4 summaries with full
Introduction, Materials and Methods, Results,
Discussion, Figures + Tables, References. (20%)

* Project — pick one aspect of library preparation or

lon Torrent that needs improvement. (20%)

— Describe in complete detail your idea for improving the
outcome, explain how you would test it - where the
samples come from, exact protocols to use etc.
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Quick MSDS Labels

SuperClean Anything Cleaner 3

MEDE #: 84945 FPE: Gloves
Mix: foz /32 oz,

Super Chemical Corporation
123 Chemical Drive

HMew York, MY 34344

Emergency Phone: 800-555-5555

Target: Lungs. Stemach
Contents:
Sodium Chlonde, Banzine, Patralaum

Directions:

IF SWOLLOWED: Induce vomiting, contact physician.

IF SKIN CONTACT: Wash thoroughly with cold water and seap,
contact physician if irritation ocours.

\ ABC Cleaning Corporation j
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Microarray
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Semester Schedule

First 3 weeks: pipetting,
dilutions, spectrophotometry,
gels, experimental design

Next 3 weeks: grind up
plants, purify DNA and RNA,
use Bioruptor on gDNA, do
RT-PCR on RNA, design and
use PCR primers for specific
genes

Next 4 weeks: purify the
amplicons, polish the ends,
guantify and do emulsion
PCR to make a ‘library’,
perform and lon Torrent run

Next 4 weeks: Analyze data,
perform Sanger sequencing
and analyze that, perform
microarray hybridization and
analyze that.



Overview: Biotechnology and
‘Omics

* Biotechnology: processes in which living organisms
convert material to goods and services.
— Understand the processes (R & D)
— Scale-up (technology transfer)
— Monitoring and QC
— Packaging, marketing, shipping, and sales

* ‘Omics - a way of studying biological systems that
catalogs the complete ‘parts list’ - —

PHENOTYPE? PHENOTYPE?
— genomics (DNA) , _
— transcriptomics (MRNA) S 3§ s
— proteomics (proteins) & , 3? ' ?» Rt
— metabolomics (small molecules) Lo & 1\ N
— glycomics (carbohydrates) e S o
~ eco-nomics (oh, wait, that's taken) ... i o oo
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Origins

Cabbage Cauliflower E
Brussels : ' b Broccoli
sprouts T
-
Selection for
; flower clusters
Selection for
terrnmal bud felection for Kale o
5tem5 and flowers & o

Selection f«:ur

Kohlrabi
lateral buds

W — SEIectmn for
stem

Selection __, |
— for leaves

Brass:ca oleracea

Biotechnology: the 20" century name
for the selection applied by humans to
the evolution of organisms

— Material + organism - desired
transformation.

Useful organisms were identified by
accident.

— Offspring were culled.

* Record keeping was needed to
track recessive traits

(a common wild mustard) « Microorganisms are usually haploid
* Preserving/passaging cultures
- eye of newt?
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Technology Raiding Disciplines

Biological Sciences

» Genetics

» Molecular biology

* Biochemistry

» Microbiology, organismal biology
Engineering

o Systems analysis

* Instrumentation
Medicine

 Clinical medicine

* Immunology

» Diagnostics
Computer science

* Information technology,
Mathematics

* Modeling, statistics

Business- related fields (marketing,
etc).

Data Needed End Prodi [X]
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Sequence TS 1. Draft —8 .—L
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Known Metabolic -—r—‘-{:_.‘-'“' ‘
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]

Transcriptomics | RERER Improvement

Design Cojectives @: ‘ 5. Platform for

Design and
Discovery

"

Discovery Dbjectives Semii—m
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Examples of Goals

germnanyigemayl-PP

 Plants: make naturally resistant to N
pathogens; fix nitrogen; S

— The Good: ’
— The Bad: Frankenfood

« Engineer microorganisms to produce
— Active iIsomers
— Enzymes degrading hazardous compounds

« Compared to bulk chemical reactions,
alm fOr more Eff|C|ent and Selecuve http://en.wikipedia.org/wiki/Golden_rice
processes.

8/23/2011 Weller UNCC



Bioinformatics and Genomics In
Technology

 Take a systems approach (fewer unintended
conseguences)
— ldentify component molecules
— Model complex processes and interactions

— Document data handling and analysis for regulatory
agencies

— Knowledge Discovery: pattern-finding, new analysis
and visualization tools

8/23/2011 Weller UNCC



Issues of current interest

 Biomedical (majority of members)
regulation

— Stem Cell research
— Reproductive medicine

 Biodefense,forensics, food and water
monitoring

e Climate change, alternate energy sources
— Cellulosic biofuels

e Bioremediation

8/23/2011 Weller UNCC
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BIO: Biotechnoloo

Biotech in the Home

Bictechnology is all around us, especially in our hormes, From
new household cleaners and detergents made with biotech
enzymes, to our contact solution and the paper we use every
day at home and in the office,

BioBytes: Biotech in the home

b @ ooo/402 o |l 29

January &, 2010

Leaders in Science, Advocacy, Media to
Judge 2010 Biotech Humanitarian Award

Today, the Biotechnology Industry Organization (BIO)
announced a distinguished panel of judges who will evaluate

norminations for The Biotech Humanitarian Award and select the

2010 Honoree.
Read the news release

Industry At-a-Glance
Business & Finance
BIO Hews
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January §, 2010

Provisions in the Senate Health Care Bill
Help Patients, Promote Innovation,
Encourage Job Growth

BIO Applauds Provisions in Senate Health Reform Bill.
Provisions provide early Christmas present to patients while
promuoting continued innovation and job growth,

Read the news relesse

Thursday, December 24

Find the latest
information

about
Biosimilars
here ‘

200 [
“IB10
. International
Convention

May 3-6,2010
McCormick Place
Chicago, IL

News & Insights from Biotech Now

Nominate Your Local Biotech Hero

BioNJ to Kick Off 2010 with 17th Annual Meeting to
t New Jersey’s Biotech Innovation

BioBytes: Biotechnology and End ed Animal
Download Podcast

Touring CA Biotech Companies with Governor Howard
Dean, MD

This Week in Biotechnology

BIQ Thanks our Sponsers

BIO Double Helix

Abbott

A Promige for Life
BIO Helix
Medlmmune

becorne 2 BI2 Sponsor

sponsorship calendar of events

Upcoming Events
Fv o=

7th Annual BIO Asia
Partnering Conference
January 25-26, 2010
Tokyo, Japan

12th Annual BIO CED &
Investor Conference
February 8-9, 2010
New York, NY

Weller UNCC

Industry Organization

Monday, January 18, 2010

Note that this Is an
Industry site.

It has an Ethics
section, as well as
new products,
patents and
emerging market
Information,
meetings and job
ads.

http://www.bio.orqg/
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" for Genomics

genomeweb (Genome Technology

Home News Magazine | Blogs

Arrays Dx/PGx Informatics PCR Proteomics

Home » Gzneme Technology

Log in or Register

Careers SEARCH

| €

RNAi  Sequencing

Monday, January 18, 2010

Most Emailed Blogs

MUINGMIEINY Cover Story
Reaching for Potential

Kudos to this year's young investigatars

1. GenomeWeb Daily Hews
AstraZenecs, Dako Team on Companion Dx

2. GenomeWeb Daily Hews
MIH lzzues Reguest for SBIRISTTR Applications

3. GenomeWeb Daily Hews
Court Approves Sale of Decode Assets to Saga
Irestments

4. GenomeWeb Daily Hews

Feature Story
Making Sense of the Neandertal Genome

Sequencing: Ed Green

Gene Fusions and Transcriptome Sequencing

Sequencing: Christopher Maher

Getting to the Nanoscale

Sequencing: Yincent Tabard-Cossa

Sensing Small Stuff for Medicine

Gene expression: Ryan Bailey

Developing Algorithms for Cancer Genes

Genatyping: Gurinder Ateal

Exploring Autoimmune Diseases with GWAS

Genatyping: Jeffrey Barrett

JP Morgan Healthcars Conference: MO Firms See Major
Launches in "10-"11

5. GenomeWeb Daily Hews

Life Technologies Plans Early-Access Program for Mesw
Sequencer

Gear-up to win the throughput race

Click for more info

[+]

Choose Biosearch for
Kit Manufacturing
& OEM Services

BIOSEARCH
TECHNOLOGIES

&

]

=

Accelrys has appointed Michael Piraino to be senior

http://www.genomeweb.com/newsletter/genome-technology

Trustyour research to IDT

Quality oligos. Every time.

100 %

WWW.IDTDNA.COM

AR
' biosystems

S0

A Portfolio of
Real-Time
Possibilities.

Weller UNCC


http://www.genomeweb.com/newsletter/genome-technology

8/23/2011

http://www.genengnews.com/

NEWS | BIOBUSINESS DRUG DISCOYERY | OMICS | BIOPROCESSING

[Searchste I

CURRENT ISSUE

(view larger image)

SUBSCRIBE
AD LINK

HOME

Online Exclusives >
StockMatch

Mew Products

Best of the Web

Calendlar of Events »
GEN Updlates >
CAREER CENTER
Clazsifieds >
Resources >
Ahout GER >
Aohvertizing 3

Genetic
Engineering
&Biotechnology
News

Register Now!

CLINICAL RESEARCH & DIAGNOSTICS

CURRENT ISSUE

SCIENTIFIC

Accurate and consistent
results are easier to obtain

Solaris Assays are now available to the mouse genome L ,J

Solaris qPCR Gene Expressi

Breaking News

Algeta Taps the Institute for Energy Technology for Commercizl Manufaciure of

Alpharadin

Scientists Report Successful Use of Ex Vivo-Expanded Cord Blood as Transplants

in Leukemia Patients

Researchers Identify Gene Variants Influencing InsuliniGlucose Regulation

updated thranghoot the day

CAREER CENTER

Visit the GEN Career Center

for the latest biotech employment opportunities.

Start your search HERE!

| Kewword(s)

|

Studies Find Link hetween Alzheimer Disease, Down Syndrome, and

Atherosclerosgis

Quintiles and Invivodata Join Forces to Offer ePRO Solutions

Industry Alerts

Oweens & Minorto Release 4th Guarer & Full Year 2009 Financial Results on

Maonday, Febroary 8, 2010

MIEW B SUBJECT

MORE HEWS | I RSS

wisit the Career Center

WEBINARS

GEN Webinars: Use of Human Cells For

Manufacturing Human Therapeutics
Date: Wednesday, January 27, 2010
Thiswebinarwill provide a brief histony of the development

of various cell lines and their current ...learn more.

Carl Zeiss Meditec Continues Successful Growth Strategy with MNew Chief Executive

Officer

Diabetes epidemic in First Nations adults, especially waomen in prime reproductive

years

Four Leading Pharmaceutical Companies Select Cegedim Dendrite's Customer

Master Data Management Salution

British Columbia Securities Commission: Updated InvestRight Guide Makes It

Easgy for Investors to WorkWith Their Investment Advisors

WIEWY BY SUBJECT

Special Report

Stem Cell Utility Limited by Lack
of Ethnic Diversity

In December 2008, MIH directar, Francis
5. Collins, M.D., Ph.D., approved 40
hurman ermbryonic stem cell (hESC) lines
for MIH-funded regearch under the MIH
Guidelines far Human Stemn Cell
Research adopted last July. While
investigatars breathed a sigh of relief,

R RS P YR A N Pl Lo T bbb b

MORE ALERTS = FIRSS

in partnership with S

wiev all webinars

ADVERTIS BWMENT

with my high
throughput workflows.”

and Invitroger

s
CRYPTAGRA
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OmicsWorld

RESOURCES FOR GENOMICS, TRANSCRIPTOMICS AND PROTEOMICS

Gene Expression Protein Microarrays Metabolomics Data in IPA
Search The Most Comprehensive Hurnan Mormal & Tumaor Tissues Understand molecular mechanisms
Assay Selection In The Industry! Human, Mouse, Fat & Cell Lysates  of disease - download white paper!
v AppliedBiosystems.com v, proteinbiotechnologies.com v ingenuity. com

Ads by Google

Ommics

The complete sequencing of the human genome has ushered in a new era of systems biology teferred to ag omics. This has transformed cell biology in
acadernia and industry from a cottage industry in which one gene of protein is studied at a time to a world in which whole organelles and pathways are
studied simultaneously. The term omics refers to the comprehensive analysis of biological systems. A variety of omics subdisciplines have begun to
emerge, each with their own set of instruments, technigques, reagents and software. The omics technology that has driven these new areas of research
consists of DA and protein microatrays, mass spectrometry and a number of other instroments that enable high-throughput analyses. Likewise, the field
of bininformatics has grown in parallel and with the help of the internet, rapid data analysis and information exchange is now possible Omics will not only
have an impact on our understanding of biological processes, but the prospect of more accurately diagnosing and treating disease will soon become a
reality. Howewer, new technology is developing constantly and quickly, soit is important that researchers keep up to date with the latest protocols,
commercial products and other sources of information. OmicsWorld was developed as a portal to link investigators to the wide wariety of resources that are
cutrently available in specific omdes fields. We hope that this site will serve as a valuable toolin this endeavor.

icroarrayWorld || ProteomicWorld Utz )

RESOURCES FOR RESOURCES FOR
PROTEOMICS AND GENOMICS AND
y GENETICS

PROTEIN EXPRESSION

Real Time Primers

Database of

STUDYING sikNA for Quantitative PCR
CELL DEATH Sequences

RESOURCES FOR Validated Primer Sets

Gen-omics

Genomics may be described as the comprehensive analysis of DNA structure and function. Understanding biological diversity at the whole genome level
will yield insight into the origing of individual traits and disease susceptibility. Though organisms such as namans are quite similar at the genetic level,
differences exist at a frequency of about 1 in every 1000 nucleotide bases. This translates into approximately 3 million base differences between each
individual Buch changes are referred to as single nuclectide polymorphisms (3HMP8) and a significant effort is now underaray in the research community to
map the individual 3NPs in humans and other organisms. BNP s may be found within gene coding regions of in non-coding regions. Their effects may be
subtle yielding slight changes in protein function or profound, leading to the development of disease. A polymorphism is distinct from a mutation. The
latteris considered rare, affecting less than one percent of the species, whereas a polymorphism is relatively common and its prevalence 15 no different to
what iz considered normal. Ower the last decade, there has been an unprecedented surge of data directed at sequencing and categonzng all of genes in the
human genome as well other organdsms. There has also been a concomdtant acceleration in the technology dedicated to genomics research including
instrumentation, reagents, software and databages.

Weller UNCC http://www.omicsworld.com/
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Bioinformatics

http://www.bioinformaticsweb.org/

Bioiniormaticsweb.org

About

Home

Background

Breaking Story

Statistical
Aspects of

Datamining-V
Course-Watch
Online

Posted on 27 August 2000

bininformatics

Author

Career Database

Data Mining is used to discover patterns and relation-ships in data,
with an emphasis on large observational data bases. Despite the
obwvious connections hetween data mining and statistical data

analysis, most of the methodologies used in Data Mining have so far

ariginated in elds other than Statistics.

[%-I Wideo, bioinformatics

Paperless Ph.D
Workflow-Free
Video Tutorial

o7 July zoog

This work flow includes RSS
feeds from Fubhed, reading
ahstracts in Bethlews\Wire, and
finally dowmnloading and
archiving the article PDF

] Tutarials & Tips
0 Comments (D)

Introduction to
Machine
Learning-Free
Video Lecture
o7 July zoog

Provides a broad introduction to
machine learning and statistical
pattern recognition. Topics
include superised learning,
unsupervised learning, learning
theory, reinfarcement learning
and adaptive control. Recent
applications of machine

Temieiie s maiale o ke e kie

Mews

Archives

Tools/Software  Tutorials & Tips

The Cell Cycle-Video
tutorial
Posted on 19 February zoog

The Cell Cycle-Video tutorial

The cell cycle, or cell-division cycle, is the
seties of events that take place ina cell
leading to its replication. In prokaryotes, the
cell cycle occurs via a process termed binary
fission. In eukaryotes, the cell cycle can he
divided in two hrief periods: interphase
—during which the cell grows, accumulating
nutrients [.]

EIOLOGY

The Cell Cycle-Video
tutorial
Posted on 19 February zoog

The Cell Cycle-Yideo tutorial

The cell cycle, or cell-division cycle, is the
series of events that take place in a cell
leading to its replication. In prokaryotes, the
cell cycle occurs via a process termed binary
fission. In eukaryotes, the cell cycle can he
divided in two brief periods: interphase
—during which the cell grows, accumulating
nutrients [..]

Bioinformaties-India-List

nf Tnnotitnntac nffavina

Weller UNCC

Search thesite for...

Uncategorized

Video

Bioinformatics community
Click here to join -It's free

Genome Analysis Tool
The Leading Tool for Academic Labs.

Download Your Free Trial Today!
www, ingenuity, corm

Masters in Bioinformatics
Johns Hopkins University A Flexible

Online or Onsite Degree
bictechnology.jhu.edu

Data Mining Technology
4 Leading Yendor in Data Mining!

Leading Analyst Agrees- Get Info

wuw, SAS, com

Ads byCoog[e

[ VRN Most Read

. Statistical Aspects of Datamining-Video
aneea Wlate b Cialine

Most Commented
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In the Lab (12:30-4:45)

— Safety walk-around (labcoats, safety glasses,
fire extinguisher, eyewash, shower)

— Equipment recognition, safety
e Centrifuges, UV light, chemicals, sharps

— Partners and bench space

— The micropipette and balance
— Lab notebook

— Activities

8/23/2011 Weller UNCC



Use and Maintenance of

Micro-pipettes




Introduction

Automatic pipettes are used to accurately
transfer small liquid volumes

Glass pipettes are not highly accurate for
volumes less than 1 milliliter (1 ml), but the

automatic pipettes are both accurate and
precise

These are continuously adjustable digital
pipettes

Each pipette can be set to transfer any
volume within its own volume



The Automatic Pipette

Make sure you know how to

 Select the proper automatic pipette to transfer a
specified volume of sample

 Set a specified volume on the pipette volume
Indicator using the volume adjustment knob

 Read a digital volume setting in both micro liter
(uh) and milliliter (ml) units

« Demonstrate the correct technique to accurately
transfer a sample of a stock solution to another
vessel

 Correctly answer questions based on the
material for the Automatic Pipette



Parts of the Automatic Pipettor

GO Parts of the Pipette

TIP EJECTOR BUTTON

VOLUME ADJUSTMENT KNOB

’ DIGITAL VOLUME INDICATOR

vy _,..'I 000 pL 20 uL
37 Capacity ar

250 L

PLASTIC SHAFT i

TIP EJECTOR ARM b

DISPOSABLE TIPS



Operating the Micropipette

Step 1. Set the Volume




Operating the Micropipette

Read the Volume

(a): P-20 Model
6.86 ul =0.00686
or 6.86 x 103 ml

(b): P-200 Model
132.4 u1=0.1324
or 1.324 x 101 ml

(c): P-1000 Model
262 u1=0.262
or 2.62 x 101 ml




Operating the Micropipette
Step 2: Attach the Disposable Tip




Operating the Micropipette

Step 3: Depress the
Plunger to the First
Stop

Step 4. Immerse Tip in Sample

To aspirate the sample into the
tip, allow the pushbutton to
return slowly and smoothly to
the fully extended UP
POSITION.

NEVER LET THE PLUNGER
SNAP UP! This draws the exact
calibrated volume into the tip if
the tip remains below the liquid
surface during withdrawal.

Wait a few seconds to ensure that the full volume of sample
Is drawn into the plastic tip. WAIT LONGER FOR LARGER
VOLUMES. WAIT LONGER FOR MORE VISCOUS ("SYRUP-
LIKE") SUBSTANCES.



Operating the Micropipette

Remove the tip from the sample liquid. No liquid should remain on the OUTSIDE of
the tip. Wipe away any droplets on the outside of the tip with a lint-free tissue,
such as KIMWIPES, but only wipe droplets from the side of the tip. NEVER TOUCH

THE TIP OPENING or you may absorb part of your sample.




Operating the Micropipette

To dispense the sample from the pipette:

a) Touch the tip end to the side wall of the receiving vessel and

b) Depress the plunger to the FIRST STOP.

c) Pause for at least one second-- 1-2 seconds for P-1000, 2-3 seconds for P-5000,
or longer for viscous liquids.

d) Press the plunger to the SECOND STOP (the second point, of greater resistance,

at the bottom of the stroke) to expel any residual liquid in the tip (like "blowing
out" a glass pipette).

(a) Start (b) 1st Stop = | (c) 2nd Stop =
Dispensing Dispense Expel




Operating the Micropipette
Step 9: Withdraw the Pipette

With the plunger fully depressed, withdraw the pipet from the receiving vessel
carefully, sliding the tip along the wall of the vessel. Holding the tip against the
side of vessel is especially important when transferring small volumes of liquid.

Step 10: Release the Plunger
of ¥ Y

7 3 Gently allow the plunger to return to the UP position. DO
NOT allow it to SPRING BACK!




Equipment and Supplies
« A set of micropipettes and
tips

e Several capped sample
vials

e Sample solution to practice
volume transfer




Step-wise Operation of the
Automatic Pipette

1) Set the volume
(2) Attach disposable tip
(3) Depress the plunger to the first stop
(4) Immerse tip in sample
(5) Draw up the sample
(6) Pause
(7) Withdraw the tip
(8) Dispense the sample
(9) Withdraw the pipette
(10) Release plunger
(11) Discard the tip

v



Accuracy and Precision

Accuracy means the closeness with which the
dispensed volume approximates the volume set
on the pipette

Accuracy Is specified as mean error, the
average deviation of replicate measurements
from the expected set volume

Precision is the "scatter" or reproducibility of
Individual measurements of the same volume

Precision can also be expressed as standard
deviation



Accuracy and Precision
(Continued)

« Relative accuracies are generally about
1% or less

* Precision is less than 0.5 % except when
transferring the smallest recommended
volume for a given pipette model

* Using the pipettes to transfer volumes
which are below the recommended range
will introduce larger errors



Pippetting Guidelines and Precautions

For optimal reproducibility, use the following pipetting
procedures:

(1) Consistent SPEED and SMOOTHNESS when you
press and release the PLUNGER

(2) Consistent pressure on the PLUNGER at the FIRST
STOP

(3) Consistent and sufficient IMMERSION DEPTH
(4) Nearly VERTICAL POSITIONING of pipette

(5) AVOID ALL AIR BUBBLES: Since the plastic pipette
shaft can be damaged if liquids are drawn beyond the
tip into the shaft

(6) NEVER lay the pipette on its SIDE nor INVERT the
pipette if liquid is in the tip



Practice with Pipettes

e Practice using the pipette
* Practice setting a few volumes

* Practice reading the digits of set
volumes

» Practice drawing up and dispensing
samples

e Get the "feel" of the 1st and 2nd

stops A
* Practice "blowing out" the pipette )

z/; J




Checking the volume

 If you know the density of the liquid you
are pipetting, and you have a calibrated

mass balance, you can pipette a specified
volume into a container and weight it
* Weligh the container first (or tare it)

8/23/2011 Weller UNCC



Keeping a lab notebook

— Capture the workflow, both intended and real.

— Name and Date on the notebook, waterproof ink for all
notations.

— Leave room at the beginning for a table of contents
— Experiments are recorded
» The plan with detailed notes (what to prepare ahead)

» What happened — measurements, source of
reagents, observations, loss of attention, etc.

» Explanations as the process occurs

— Make time at the end of the day to summarize results
and observations, recommendations for the next lab

— Do not skip pages

8/23/2011 Weller UNCC



Solutions and Dilutions

— Solutions are of two types
e Molar solutions
e Percents: 1% is 1 part per 100, for example (mass-
volume versus volume-volume)
— Reagents are combinations of stock solutions:
TE buffer is 10mM Tris-HCL, 1ImM EDTA

e Stocks are 1M Tris-HCI, 100mM EDTA

— How much should you make at one time?
Should you aliquot it? Where should you store
it?

— Label EVERYTHING!!

8/23/2011 Weller UNCC



Handling solutions

— You are using very small volumes and
biological materials

 How do you check?

— Temperature matters

— Shearing matters
e Mix by pipetting
e Mix by vortexing

— Loss of solution to surface tension matters
e Usual to quick-spin in a microfuge (balance!!!)
 How do you check?

8/23/2011 Weller UNCC



Plpette use pointers

m
(_.

E‘ e ¥ ‘.-’KQ RIGHT N

ol

[IIH

\
O

8/23/2




Solution Delivery
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