
Rapid selection of mammalian cells secreting large 
amounts of therapeutic proteins or peptides
Screening cell populations for high producing clones is a key rate-limiting step in the production of 
protein therapeutics. The Genetix ClonePix FL provides a powerful way to find and collect the highest 
producing clones in a rapid one-step process. Clonal colonies of transfected CHO, HEK293 or myeloma cells 
secreting a recombinant protein of interest are probed in situ with target protein–specific, fluorophore-
conjugated antibody, and then selected based on their protein secretion rate using robotic processing and 
picking techniques. This process considerably improves efficiency and streamlines traditional workflows, 
generating optimal cell lines that secrete the highest levels of the desired protein or peptide.

The ClonePix FL system works by imaging thousands of producer cells 

grown into discrete colonies (either suspended in or grown adherently 

under semisolid medium) using fluorescence specific to the protein 

or peptide of interest. These images are then analyzed to select the 

colonies that have the highest fluorescence for a given colony volume 

(that is, the highest producers of the protein of interest). Up to five 

fluorescence wavelengths can be multiplexed with brightfield images, 

thus allowing multiple probes to be used in a single picking run or 

to measure other parameters such as cell viability (using the Genetix 

LiveDetect reagent).

The ClonePix FL selection process
After transfecting the cell line with the construct encoding the protein 

of interest, the cells are grown under selection using standard meth-

ods and plated into CloneMatrix-based semisolid medium. The semi-

solid medium can be made up using a 2× concentrate of the medium 

of choice. Cell density should be determined empirically for each 

cell line, but guideline densities are 200 cells/ml for CHO cells and

1,000 cells/ml for HEK293 cells. Both serum-containing and chemi-

cally defined expression media can be used.

The fluorescently conjugated capture and detection antibodies are 

either added to the medium at the time of plating or sprayed on using 

an atomizer at least 24 h before imaging and picking the colonies. In 

either case, recommended final antibody concentration is 7–10 µg/ml, 

although it may be possible to titrate particular antibodies to lower 

concentrations or increase antibody concentration to improve image 

intensity.

Cells can be grown either as adherent colonies in tissue culture–

treated plates or as suspension colonies in non-tissue culture–treated 

plates. It is preferable to grow producer cells as suspension colonies 

wherever possible, as this improves image quality and picking effi-

ciency. Adherent cells, such as CHO-K1 and HEK293, can be grown 

as suspension colonies in semisolid medium.

After the cells have grown into colonies of about 100 cells (typi-

cally after 7–12 d), the plates are fluorescently imaged using ClonePix 

FL. Genetix PetriWell 6-well and 1-well plates have been designed 
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Figure 1 | Detection of high-secreting colonies of HEK293 cells stably 
transfected with an untagged monomeric protein and grown under 
CloneMatrix-based semisolid medium. Detected with fluorescein 
isothiocyanate (FITC)-conjugated antibody specific to the protein. Image is 
colorized in green, and high secretors are circled in red. Scale bar, 1 mm.
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specifically for this application to minimize the autofluorescence and 

flaring that occurs with regular culture plates. The ClonePix FL soft-

ware then automatically analyzes fluorescence intensity (and therefore 

productivity) and picks the highest-secreting colonies into separate 

wells of a 96-well destination plate containing the medium of choice 

for outgrowth and scale-up. The resulting cell lines are clonal, high-

producer cell lines.

Selection of cells producing untagged protein
If the protein of interest is untagged, for example an endogenous or 

wild-type transfected protein, its secretion can be detected and quanti-

fied using a fluorescently conjugated antibody specific to that protein 

(Fig. 1). For the detection complex to form correctly, it is important to 

use a polyclonal antibody or several monoclonal antibodies raised to 

different epitopes of the protein.

Selection of cells producing peptide-tagged protein
When it is not possible to detect the protein of interest directly because 

a specific antibody is not available, or if a common detection system 

is preferred, then recombinant proteins can be detected via peptide 

tags such as c-myc or Fc using a capture antibody to the tag. Where 

short amino acid tags are used (for example His, HA, Flag and others) 

it is important that the constructs encode two epitope tags to achieve 

efficient formation of the detection complex. These can be either a 

tandem repeat of the same tag or two separate tag sequences, and 

can be added to the protein sequence in tandem at one terminus or at 

opposite termini. When using two different epitope tags, the detection 

antibodies should be applied in molar equivalence. Figure 2 shows 

an example of a secreted protein detected via tandem C-terminal His 

and Flag tags.

Conclusions
Using ClonePix FL technology removes the need for serial dilution 

or cell-sorting techniques. It allows monoclonal populations of high-

secreting cells to be established in a much shorter time frame, removing 

many of the bottlenecks associated with producer-cell-line optimization 

and downstream scale-up for protein or peptide production. The low 

labor requirement means that more cell populations can be interro-

gated in parallel, increasing cell-line throughput. It is estimated that one 

ClonePix FL used by two scientists is sufficient to take more than 100 

cell populations from transfection to the shake-flask stage per year.

a

b

Figure 2 | Detection of high-secreting colonies of adherent CHO cells stably 
transfected with a monomeric protein construct containing both His and Flag 
tags at the C terminus of the protein, and grown in suspension in CloneMatrix-
based semisolid medium. (a) Brightfield image showing cell colonies.
(b) Detection of secreted protein using a combination of anti-His and anti-Flag, 
of which the anti-His was conjugated with FITC. The image in b is colorized in 
green, and high secretors are circled in red. Scale bars, 1 mm.

This article was submitted to Nature Methods by a commercial organization 
and has not been peer reviewed. Nature Methods takes no responsibility for 
the accuracy or otherwise of the information provided.

APPLICATION NOTES
ADVERTISING FEATURE

ii | MARCH 2007 | NATURE METHODS

©
20

07
 N

at
u

re
 P

u
b

lis
h

in
g

 G
ro

u
p

  
h

tt
p

:/
/w

w
w

.n
at

u
re

.c
o

m
/n

at
u

re
m

et
h

o
d

s


	Rapid selection of mammalian cells secreting large amounts of therapeutic proteins or peptides
	Main
	Note



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts false
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.30000
    0.30000
    0.30000
    0.30000
  ]
  /PDFXOutputIntentProfile (OFCOM_PO_P1_F60)
  /PDFXOutputCondition (OFCOM_PO_P1_F60)
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF004e00500047002000570045004200200050004400460020004a006f00620020004f007000740069006f006e0073002e0020003100350030006400700069002e002000320032006e0064002000530065007000740065006d00620065007200200032003000300034002e002000500044004600200031002e003400200043006f006d007000610074006900620069006c006900740079002e>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 782.362]
>> setpagedevice


