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But what MT isoform is 
the antibody detecting? ?? ?? 

High Grade Breast 
Carcinoma 

Normal Kidney 



•  The MTs are a class of low molecular weight (Mr= 
6000-7000), cysteine-rich, inducible, intracellular stress 
proteins that can be subdivided into four classes (MT-1 
through MT-4) based on small differences in sequence 
and charge characteristics 
  Total of only 60-70 amino acid residues for each MT 

  MTs contain a characteristic high content of conserved 
cysteine residues, a total of 20-21 cysteines 
•  This allows them to bind transition heavy metals, 

such as zinc (Zn), cadmium (Cd), and copper (Cu) 
with high affinity 





  MTs are known to be a crucial component in 
the cells protection against and recovery from 
environmental insult, specifically those 
associated with heavy metals 

  MTs are known to associate with the naturally 
accumulated heavy metal pollutant cadmium 
in the renal cortex and have been shown to 
have altered expressions in many types of 
cancers 
  Can often be related to poor patient prognosis 



Otvos, J. D., Armitage, I. M., Proc. Natl. Acad. Sci. USA 1980, 
77, 7094–7098 



  Since 1957 when MTs were first discovered, there has 
been no method established to measure the expression 
of the individual isoforms at the protein level 

  The main reason methods have not been developed to 
measure expression levels of the various isoforms of 
the human MTs are problems associated with the high 
sequence similarity  

  The twelve human MT isoforms share 70 to 90% amino 
acid sequence identity which hampers antibody-based 
methods of isoform-specific quantification at the 
protein level 



•  Isoform determination 
–  Want to be able to see what the different isoforms of 

MTs are doing in cancers or metal toxicology 
•  Would like to characterize MT isoform levels in many 

cell and tissue types 
•  Could have potential biomarker value for cancers or 

metal toxicology 

•  MT3 (maybe other MTs) 
–  Want to find an alternative assay, especially in urine 

– Non-invasive 
•  Could be indicator of renal disease, bladder cancer, 

inflammation, infection, or precancerous lesions 



  Develop MS-based method for identifying MTs in complex cell or tissue 
lysates 
•  Method development with sample prep to identify MT isoforms in RWPE 

cell lysates 
•  Move onto HK2 cell lysates 

  MT isoform detection, specifically MT3 detection  
  Quantification of MT isoform protein expression levels in cell or tissue lysates 

•  Method development leading to relative and absolute quantification of MT 
isoforms 

  Urine analysis for MT-3 
  Method development 

–  Identify MTs (specifically MT-3) in the urine and be able to quantify 
levels found in urine 



Advanced	  informa.on	  on	  the	  Nobel	  Prize	  in	  Chemistry	  2002,	  9	  October	  2002	  
h>p://nobelprize.org/nobel_prizes/chemistry/laureates/2002/chemadv02.pdf	  



•  RWPE cytosolic lysates 
–  95°C Denaturation 
–  EDTA 
–  Reduction  
–  Alkylation 
–  Back-quench IA with DTT 
–  Tryptic digest (1-2 % for overnight @ 37°C) 

•  Solid phase extraction (SPE) 
–  Removes salts and concentrates proteins 

•  Nano-rP-HPLC by Tempo onto MALDI target 
plate  

•  MS and MSMS analysis of MALDI target plate 
•  Data analysis 
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  Sample preparation modifications 
  Carbamidomethyl 
  Ammonia-loss 
  Dethiomethylation (M) 
  Truncation of 1 or 2 residues on N and C term 
  Oxidation (M) 

  Endogenous 
  Acetylation on N-terminus 

  MT1M has a naturally occurring variant 
  Threonine to lysine 
  SNP mutation 
  Our RWPE and HK2 cells have this lysine variant   





  Metallothionein-1X 
  Metallothionein-2 
  Metallothionein-1E 
  Metallothionein-1G 
  Isoform 2 of Metallothionein-1G 
  Metallothionein-1F 
  Metallothionein-1M 



  Wanted to measure induction of MTs from control to 
Cd induced cells 
  Allows us to measure fold changes of MT protein 

expression from light and heavy labeled peptides 
based on peak heights 
  Alkylate control cytosolic lysate with 14N-

iodoacetamide 
  Alkylate Cd induced cytosolic lysate with 15N-

iodoacetamide 
  Then combine the two samples, perform a tryptic 

digest, run SCX with subsequent RPLC of the MT 
fraction, and then MS analysis 



Isoform	
 Sequence	
 Modifications Identified by Mascot	


m/z +1H	

(14N-C)	

(15N-C)	


Retention 
(min.)	


MT-1E	
 MDPNCSCATGGSCTCAGSCK	

Acetylation (protein N-term), 	


5 Carbamidomethylations (14N- or 15N-C)	

2222.8	

2227.8	


36.9	


MT-1F	
 MDPNCSCAAGVSCTCAGSCK	

Acetylation (protein N-term), 	


5 Carbamidomethylations (14N- or 15N-C)	

2234.8	

2239.8	


46.9	


MT-1G2	
 MDPNCSCAAGVSCTCASSCK	

Acetylation (protein N-term), 	


5 Carbamidomethylations (14N- or 15N-C)	

2264.8	

2269.8	


47.2	


MT-1M	
 MDPNCSCTTGVSCACTGSCK	

Acetylation (protein N-term), 	


5 Carbamidomethylations (14N- or 15N-C)	

2294.8	

2299.8	


45.6	


MT-1X	
 MDPNCSCSPVGSCACAGSCK	


Acetylation (protein N-term), 	

5  Carbamidomethylations (14N- or 15N-

C)	


2246.8	

2251.8	


48.4	


MT-2	
 MDPNCSCAAGDSCTCAGSCK	

Acetylation (protein N-term), 	


5 Carbamidomethylations (14N- or 15N-C)	

2250.7	

2255.8	


38.5	


MT-3	
 MDPETCPCPSGGSCTCADSCK	

Acetylation (protein N-term), 	


5 Carbamidomethylations (14N- or 15N-C)	

2418.8	

2423.8	


45.1	






MT Fraction 





Figure 2.  MALDI-TOF/TOF MS Spectra of Light and Heavy Labeled Acetylated N-Terminal Tryptic MT Peptides in HK-2 MT-3 Cytosol. (A) Equal 
concentrations of Cd-induced cytosol were labeled with either light or heavy iodoacetamide.  There is a 5 Da mass shift from the light MT-2 monoisotopic peak 
(m/z 2250.7) to the heavy monoisotopic peak (m/z 2255.7).  (B) Retention time vs. monoisotopic peak intensity for       light and       heavy acetylated N-
terminal tryptic MT-2 peptides.  (C) 3-D LC-MS heat map of the light and heavy-labeled acetylated N-terminal tryptic MT peptides detected in the Cd-induced 
HK-2 MT-3 cytosol showing an equal 1:1 labeling. 
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Figure 3.  Sensitivity and Dynamic Range of MT-2 Relative Quantification.  A serial dilution of the 
light labeled MT-2 peptide was performed while constant levels of heavy-labeled MT-2 peptide were 
maintained to show the detection limits of the MT quantification assay. 2 orders of magnitude were 
achieved.  Dilution series consisted of: 1:1, 1:2, 1:4, 1:8, 1:16, 1:32, 1:64, and 1:128. 



Figure 4:  Relative 3 Day Induction of MTs from 9 µM Cd treatment in HK-2 MT-3 Cells.  (A) 3-D LC-MS heat map of       light-(control) and       heavy-(Cd-
induced) labeled MT isoforms in the HK-2 MT-3 lysates.  (B) Relative fold inductions were calculated from the average monoisotopic peak intensities of light-
labeled (control) to heavy-labeled (Cd-induced) acetylated N-terminal tryptic MT peptides.  Relative data represents biological replicates where n=3.  Error bars 
indicate the standard deviation around the mean. A one-way ANOVA followed with a Tukey’s Multiple Comparison test was run on all data sets.  * P < .05, ** P 
< .01, *** P < .001. 

A B 



  Want to put absolute values on expression of MT 
isoforms 

  Little more complicated than relative 
quantification 

  Involves identifying the sequence of amino acids of 
a peptide within your protein of interest 

  Having that peptide synthesized (usually >95% 
purity) 

  Labeling that peptide (iodoacetamide, heavy 
lysine) 

  Determining the absolute concentration of that 
peptide (AAA, EA, AUC) 



  Elim biopharmaceuticals synthesized (>95%) 
  Labeled peptide myself by alkylating with 15-N 

iodoacetamide 
  Re-purified peptide after alkylation by using an 

analytical C18 RPLC column 
  Got rid of any unreacted DTT, IA, or leftover 

synthesis products 
  Measured new concentration of peptides after re-

purification using AUC 
  Spot checks on mass spec to validate correct 

product 





Figure 5:  Absolute 3 Day Protein and mRNA Transcript Levels of MTs from 9 µM Cd treatment in HK-2 MT-3 Cells.  (A) Absolute MT protein expression in 
300 µgs      control and       Cd-induced HK-2 MT-3 cytosol.  Absolute protein levels were calculated from the average monoisotopic peak intensities of light-
labeled (control or Cd-induced cytosol) to heavy-labeled acetylated N-terminal tryptic MT standard peptides (~145 pmol/MT isoform).  (B) Absolute mRNA 
transcripts normalized to β-actin from control and Cd-induced cells.  Protein and mRNA data represents biological replicates where n=3.  Error bars indicate 
the standard deviation around the mean. A two-way ANOVA followed with a Bonferroni posttest was run on all data sets.  * P < .05, ** P < .01, *** P < .001. 

A B 



Photo courtesy of Fox, S.I., 
Human Physiology, 6th Ed.  



Photo courtesy of 
Thomson Learning, Inc.  



  Benefits for Relative quantification 
  More simple  

  Two experiments in one  
  Easier data analysis 

  Great for analyzing two comparable samples 
  Exposed vs. unexposed tissues  
  Treated vs. untreated cells 

  Cost  
  Do not need absolute standards 
  Do not need to know the sequence or which isoforms 

are expressed 



  Benefits for Absolute quantification 
  Does everything relative quantification does and 

more 
  In relative, need an appropriate control sample to 

compare to 
  Absolute gives absolute values of expression without 

the need for a control sample 
  Absolute is great for experiments where an 

appropriate control is not available 
  Urinalysis, frozen or fresh tumor tissue, FFPE tissue 



  Provides an alternative means to quantify MT 
isoforms at the protein level rather than rely on 
traditional PCR-based methods used to 
quantify MTs that may or may not correlate to 
actual protein expression 

  Avoids antibody-specificity problem 
  This study describes an iodoacetamide stable 

isotope-labeling mass spectrometry-based 
method for simultaneous relative and absolute 
quantification of human metallothionein 
isoforms in complex cell or tissue lysates 



  MT expression in 4 malignant (2 ER+, 2 ER-) and 1 non-malignant 
human breast cell lines 
  Certain isoform(s) may be an alternative prognostic biomarker 

rather than ER status of tumors (traditionally used to classify 
tumors of this tissue) 

  Around 25% of breast tumors do not exclusively stain ER+ or 
ER-, so MT status could provide an alternative means to classify 
these tumors 

  Patients with ER- tumors tend to have poorer prognosis due to 
tomoxifen resistance 

  Publish results of the developed MT assay in kidney (breast data 
may be included or may be separate publication) 

  Use MT assay to study MT expression in bladder cancer cell lines 
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