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Presenter
Presentation Notes
Thanks a lot for having me. Thanks a lot for coming my talk.
Today, I am going to talk about how to push sensitivity limits of MS-based targeted quantification to low pg/ml using antibody-free method in non-depleted human serum/plams.
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Traditional affinity-based targeted quantification

• Low specificity

• long lead time

• Uncertain success rate

Western Blot Immunofluorescence Immunohistochemistry

ELISA

http://www.cellsignal.com
http://www.abcam.com
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As you know, to detect and quantify proteins or sets of proteins with high precision across multiple samples is an essential task in biological and biomedical research.
Traditionally, we used antibody-based affinity method to do targeted protein quantification, such as WB,ELISA, IMMUNOHITOCHEMISTRY, immunofluorescence. However, antibodies usually have low specificity, as you see from this WB figure. Except the targeted band, we still see many other non-specific band. Additionally, producing a good antibody usually take a lot of time and has uncertain success rates. Recently, MS-based targeted proteomics method has been emerged as a promising technique for such precision quantficaiton of target proteins because of its high specificity, reproducibility.
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Selected reaction monitoring (SRM/MRM)

Advantages:
Ultra-high specificity
Multiplexing capacity
Relative/absolute quantification
Protein isoform/variant/modification 

quantification

Drawback:
LC-SRM sensitivity
~100 -1000 ng/mL 

Q1 q2 Q3
SRM

 

 

PRM
Q1 q2 Orbitrap

DIA
Q1 q2 Orbitrap

or TOF

or TOF

Other MS-based targeted proteomics

Presenter
Presentation Notes
When we talk about MS-based target proteomics. We usually, means SRM, or called MRM. In SRM, precursor ions of a specific peptide are selected in Q1, and then transmitted into Q2 for fragmentation; specific product ions from the target peptide (typically 3 product ions) are selected in Q3 for detection. Recently, with the introduction of high-resolution MS, QE and Trip-TOF, there are another two kinds of MS-based targeted quantification method, PRM and DIA.  
In PRM, the first two steps are the same as SRM; whereas in the last step all fragment ions from the target peptide are monitored by HR/AM mass analyzer. In DIA, all peptide ions within a defined mass-to-charge (m/z) window are isolated in Q1, then fragmented together in Q2, and the highly complex mixture of all product ions are monitored by HR/AM mass analyzer; the analysis is repeated as MS marches up the full m/z range. These three kinds of MS-based targeted methods have their own advantages and disadvantes. But for sensitivity, SRM is still the most sensitive one. 
Compared to other quantification methods, the feature of two stages selection makes MS-based target methods have many advantages…………….
Despite these advantes, the sensitivity of LC-SRM is still too low to directly and reliably access low-abundance proteins in cell extract, body fluids and most PTM, unless sample prefractionation  or enrichment steps are applied.

.






Sample processing strategies enhancing the 
sensitivity of targeted quantification
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~ 1 ng/mL
~50-100 pg/mL (1 mL)

Qian et al., Mol. Cell. Proteomics. 2008, 7, 1963-1973.
Keshishian et al., Mol. Cell. Proteomics. 2007, 6, 2212-2229.
Anderson et al., Mol. Cell. Proteomics. 2009, 8, 995-1005.

Immunoaffinity depletion

Anti-peptide 
antibody

Magnetic 
beads

Endogenous
peptide

Spiked 
standard

SISCAPA

SCX
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So,  in order to quantify low-abundance protein in  body fluids or tissues,  sample prepfractionation or enrichment before regular LC-SRM are necessary.  In serum or plasma sample analysis, immunoaffinity depletion of multiple abundant proteins  is the most common sample way to reduce sample complex. It can improve LOQ 10 -20 times to 100 ng/ml. Some groups combine immunoaffnity depletion and SCX fractionation, which can further improve LOQs to 1-10 ng/ml

Recently,  another peptide-based affinity enrichment method, SISCAPA, was introduced to enrich target peptides using anti-peptide antibody before conventional LC-SRM. It can achieve an LOQ of low ng/ml. If large volumes of plasma were used for target peptide enrichment, , its LOQ can reach to 50-100 pg/ml.



PRISM-SRM
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PRISM: high-pressure high-resolution separations 
with intelligent selection and multiplexing

Shi et al., PNAS, 2012, 109, 15395-400. 

3 µm, C18 column
(200 µm i.d. × 50 cm)

Intelligent Selection 
of targeted peptides

96 well plate 

Capillary LC (high pH)

#2 #6 #10

Fraction multiplexing
(based on partial 
orthogonality between low 
and high pH RPLC)

On-line monitoring heavy 
internal standard peptides

LC-SRM
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In our Lab, in order to address the sensitivity challenge of SRM, we developed PRISM-SRM system, it also called high-pressure high-resolution separations with intelligent selection and multiplexing.
the PRISM-SRM system has been widely used in many different projects because of its high sensitivity.  Compared to regular SRM, PRISM system can enhance the sensitivity >100 times.  In this system, complex samples first were separated into 96 fractions, target peptides were enriched and purified into one fraction. Based on on-line monitoring, target fraction was selected to regular LC-SRM analysis.  It can achieve LOQ of 1 ng/ml without depletion. Combining  with Ig Y 14 immunoaffinity depletion, PRISM-SRM can quantify plasma proteins at 50-100pg/ml range. However, it still cannot detect extremely low-abundance proteins with a concentration of low pg/ml because its loading amount and separation power limits.

Why PRISM system can enhance sensitivity >100 times. The major reason is that another one high-resolution LC separation was introduced before LC-SRM analysis.  By adding another dimension LC, we can increase loading amount. Regular LC-SRM, usually, just load about 1ug protein digestion. PRISM can load 25-50 ug samples. Loading more sample cannot make sure to give you stronger signal because it also increase background. However, PRISM system can enrich target peptides in one fraction and reduce background by high-resolution separation at the same time. So increasing loading amount and reducing background at the same time are the basic reasons of improving SRM sensitivity. 
Following this flow of thought



Sensitivity of current SRM platforms

Platforms
LOQ

Plasma/serum Mammalian cells

Conventional LC-SRM ~100-1000 ng/mL 

Long gradient LC-SRM (LG-SRM) ~10 ng/mL

Ig Y14 depletion followed by SCX ~1 ng/mL

High-pressure, high-resolution separations 
coupled with intelligent selection and 

multiplexing (PRISM)
~1 ng/mL

~100 copies/cell
~1000 copies/cell (ERK 
phosphorylated forms)

SISCAPA ~1 ng/mL

IgY14 depletion followed by PRISM (IgY14-
PRISM) ~50-100 pg/mL n/a

New method (DD-SRM) < 10 pg/mL 1-10 copies/cell
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This side summarized sensitivity  of current SRM platforms. …………..
Here, we developed an antibody-free, offline 2D-LC based SRM method, which can quantify protein at low pg/ml level in human serum/plasma without the need of high-abundance protein depletion.



The “dynamic range” challenge of complex samples
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(≤ 100 pg/mL)

Anderson, N.L. & Anderson, N.G. Mol. Cell. Proteomics. 2002, 1, 845-867. 
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Even with these existed method, targeted quanfication analysis of extremely low abundance protein in complex biolgocial sample remains challenges. to detect and quantify low-abundance proteins in complex samples is still a big challenge for SRM quantification. For example, in serum/plasma sample, the protein concentration has a dynamic range over 12 orders of magnitude. In tissue or cell extract, most protein PTMs also have similar daynmic range. Usually, Regular LC-SRM has a quantification dynamic range of 4-5 orders of magnitude.  Other sample fractionation or enrichment strategies can lead to improve sensitivity 2-3 orders of magnitudes. Therefore, most of SRM method can quantify protein at concentration of low ng/ml or high pg/ml. 
For the low abundance protein quantification with concentration < 100pg/ml, it is still a big challenge for SRM analysis. 



The Deep Dive SRM concept (DD-SRM)
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4.6× 250 mm

Time (min)

QQQ MS

Q1 Q2 Q3

QQQ MS

Q1 Q2 Q3

SRM Signal 

Time (min)

3 µm, C18 column
(200 µm i.d. 50 cm)

1.7 µm, C18 column
(75 µm i.d. 25 cm)

iSelection

96 well plate 

Conventional SRM analysis 

On-line monitoring 
heavy peptides

Capillary LC (high pH)

Nano LC (low pH)

Fraction multiplexing

• Increase sample loading
• Concentrate target peptides
• Reduce interference

Low pH RPLC 

High pH RPLC 

Low pH RPLC 

Ultra-sensitivity
High reproducibility
High recovery



Proof of concept: PSA spike-in experiments
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After configuring the concept, we need to design experiment to demonstrate this concept. This is our experimental design. First, we need to set up the system, then optimize the first dimension. After that, we need to demonstrate the concept and apply it to endogenous protein analysis.

After solving these problems, we start to demonstrate the method by obtaining a calibration curve. This is the work flow of calibration curve analysis. About 200 ul serum was digested to obtain about 4 mg digested peptides.
Then spike in different level light PSA peptides from 10 pg/ml to 100ng/ml. The spiked in samples were analyzed by DD-SRM method.




Challenge: locate target fraction in the 1st

dimension LC separation
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Replicate 1

Replicate 2

Increase heavy spike in
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We propose to use land mark to locate target fraction. In real samples, we still spike in about 100 fmol heavy peptides. After running real samples, we run another similar samples with very high heavy peptides spike in.
Based on the RT in the last run, we can locate the target fraction in our real samples. However, reproducibility is critical to this strategy.



Use of “internal marker” peptides from albumin

116 endogenous albumin marker peptides RT distribution in one run.

Pep-1

Pep-2

Pep-3
Pep-4

Pep-5

Pep-6
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This 3d figure shows RT distribution of the 6 albumin mark peptide in one run.  These internal mark gave us confidence to select target fraction.




XICs of PSA peptide 
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Light

Heavy
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Presentation Notes
This figure shows the XICs results from one PSA peptide. The top row is light peptide signal, the bottom one is heavy peptide signal. From the figure, we can see, PSA peptide is not detected in control. In 10 pg/ml level, the light peptide peak has very good signal to noise. 




Calibration curve for PSA peptide
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Zoom in…

Concentration 
(ng/mL) 0 0.01 0.025 0.05 0.1a 0.5 1 10 100

Light/heavy N.D. 1.00×10-3 2.30×10-3 3.83×10-3 6.10×10-3 3.52×10-2 7.15×10-2 0.687 6.87

CV(%) N.A. 10.0 4.35 5.43 2.84 2.3 3.96 3.92 1.21

An average CV below 5%

a Three processing replicates followed by three SRM technical replicates

Presenter
Presentation Notes
This figure shows the calibration curve of PSA peptide. Left figure is full-range concentration curve, right one is low-concentration end curve. From the results, we can see there is quantification ratio is very linear in the 4 orders of magnitude concentration range.
Each of concentration point, we analyzed in triplicates. The average CV is below 5%. 
need to state that this is "injection" replicates; future work needed for full process replicates for at least one concentration data point (probably 100 pg/mL)




Extremely low-abundance endogenous 
cytokines using DD-SRM in non-depleted 

serum

Protein Serum concentration(pg/mL)*

IL8_HUMAN 7.26
IL9_HUMAN 17.0

IL13_HUMAN 7.23
TNFA_HUMAN 21.9
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* The concentrations are from other reports, measured by ELISA.

Stephen et al., Journal of Virology. 2001, 6209-6211.
Robak et al., Mediators of Inflammation. 1998, 7, 347-353.
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After demonstrated the concept of new method, we further applied it to endogenous proteins analysis. Four low abundance proteins were applied here. Their con are from 7 pg/ml to about 22 pg/ml. The Concentration data are from other literatures, measured by ELISA.




Detection of four cytokines by DD-SRM in non-
depleted serum from healthy individuals
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This is IL13 protein, its concentration is about 7 pg/ml. You can see from the figure. By the DD-SRM,  we can get good s/n signal from endogenous peptides. However, in the PRISM-SRM, we cannot get any signal.




Detection of low-abundance cellular proteins 
by DD-SRM in an ovarian tumor tissue
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Tissue sample loading amount: 1 mg
~20 copies/cell
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Finally, let me brief summarized this project. We developed a new….




Summary

• A new targeted quantification strategy was developed based on 
multi-dimensional reversed-phase LC separation, enabling 
quantification of proteins at <10 pg/mL level in serum/plasma 
sample, without the need for antibody or immunoaffinity 
depletion.

• Throughput is limited at present for applications with large 
numbers of targets or samples: several samples/day.

• A approach is applicable to other MS analyses, e.g., DIA,PRM. 

• This method provides a means to quantify extremely low 
abundance protein in complex biological samples, such as cytokines 
in serum, transcription factors in cells and tissues.
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