
                                                    
 

Protein quantification - key technology 
for future research

In this exclusive interview, Professor Tetsuya Terasaki, Ph.D, Distinguished Professor at the 
Tohoku University in Japan talks about his most recent research concerning drug transport-
ers, the role of PBPK modeling and protein quantification as the key technology to shorten 
the gap between the in-vitro and clinical phase regarding DDI. He also talks about his work 
as a senior scientific advisor with Bertin Pharma, explaining the nature of their collabora-
tion.

IQPC: In terms of research tools, where 
do you see the biggest chance for a break-
through?

T.T.: In terms of a 
breakthrough, physi-
ologically based 
pharmacokinetic 
(PBPK) modelling 
will be much more 
important in the 
future, because the 
most critical infor-

mation for predicting 
drug absorption, distribution, metabolism, 
excretion (ADME) in the body is the func-
tional protein concentration in the organ, 
not only in animals but also humans and the 
disease condition. We have established a 
comprehensive method to qualify the func-
tionary important proteins, that is of course, 
a transporter protein and also enzyme pro-
teins and receptors and channels which are 
very important proteins not only for the 
drug’s ADME, but also drug efficacy and/or 
toxic effect. In order to predict those protein 
functions in vivo, PBPK models are a very 
useful tool to integrate ADME, efficacy and 
toxic effect of the drug after the administra-

tion. PBPK models were first developed 
approximately 50 years ago as BJKK models 
and then simplified and used for lots of 
ADME studies. Although blood flow rate 
and organ volume were measured and have 
been used for the analysis, biochemical 
parameters, i.e., intrinsic activity of drug 
metabolizing enzyme, the permeability 
clearance across the plasma membrane is not 
so easy to determine in humans, especially  
in the disease condition.  In vitro systems 
such as human liver slices, liver microsome 
or cDNA transfected cell lines have been 
used to determine these parameters, while 
concentration of responsible functional 
proteins both of these in vitro system and in 
vivo organs were not previously known. 
Now, it is possible to measure these func-
tionally responsible proteins by LC-MS/MS 
combined with in silico peptide selection 
methods.  Therefore, in the very near future, 
we believe the reliability of predictions based 
on PBPK models should increase significant-
ly by using protein concentration deter-
mined for both in vitro and in vivo together 
with the intrinsic activity per functionally 
responsible protein amount. The progress of 
this research will solve the critical question 
of understanding the large gaps between 

animals and humans including the disease 
condition.  As a result, the success rate of 
clinical trials could be increased significant-
ly in the future. This is the most important 
challenge to be faced by the drug discovery 
and development community. 

IQPC: What in your opinion will be the 
key to shortening the gap between in-
vitro and the clinical phase with regards 
to transport-mediated DDI?

T.T.: Again, protein quantification is the 
key technology to shorten the gap between 
in vitro and the clinical phase because it is 
possible to measure the activity if you have 
a cDNA transfected cultured cell line of re-
sponsible transporters as an in vitro system. 
Based on the uptake or efflux studies using 
the in vitro cultured cell line, it is possible 
to compare the activities among differ-
ent compounds, which would be useful to 
select an appropriate candidate compound 
as a substrate or inhibitor.  However, one 
of the most difficult questions is how we 
could extrapolate the in vitro activity to in 
vivo activity of the transporter in a rational 
way. Information concerning the protein 
concentration of responsible transport 
activity was missing previously, and as a 
result nobody knew how much a transport-
er protein expresses in the organ of both 
animal and human. Therefore, in order to 
have a more precise prediction based on an 
in vitro system by means of PBPK model 
or if any, a pharmacodynamic (PD) model, 
the key parameters can now be determined 
by the quantitative targeted absolute pro-
teomics technology (QTAP).
 
IQPC: Could you tell us a little more 
about this protein quantification meth-
od, QTAP?

T.T.: It means that target peptides for 
quantification are selected only from amino 
acid sequence information, so time-con-
suming procedures such as the selection of 
peptide fragments for the quantification 
based on the wet laboratory work by using 
mass spectrometry equipment are unneces-
sary.  This in silico method of how to select 
an appropriate peptide fragment has been 
approved by the EU patent office and the 
patent has been issued in North America, 
China and Japan.

With the amino acid sequence of the pro-
tein, we can almost instantaneously select 
the appropriate peptide fragment which 
will be produced by tryptic digestion of 
the target protein to be quantified. That 
means for instance, if you want to set up 
100 different transporter protein quan-
tification using a traditional proteomics 
approach you have to inject the samples 
expressing the target protein a certain 
number of times after tryptic digestion to 
LC-MS/MS, this is not so straight forward 
and is very time-consuming. Our method 
however is very easy. If you want to quan-
tify ABC transporter such as MDR1 or 
BCRP or SLC transporters such OCT1 or 
OATP1B3,  all you need is the amino acid 
sequence of the transporter protein then 
almost immediately you can select the pep-
tide fragment. It is also very important to 
pre-treat the sample to be quantified in an 
appropriate manner such as solbilization of 
the membrane proteins and tryptic diges-
tion. We have spent a lot of time and effort 
to solve many practical problems in order 
to establish a reliable, robust and reproduc-
ible method. 

The technology is based on LC-MS/MS 
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combined with the in silico peptide selection 
method but we also use the term quantita-
tive targeted absolute proteomics - QTAP. 
The reason we use this term QTAP is to 
distinguish from the traditional global pro-
teomics approach, which has been used for 
the protein discovery studies. 

IQPC: What could be a desirable scenario 
for drug transporters’ role in drug devel-
opment in the next 10 years?

T.T.: The most important but fundamental 
question that we should answer, is “are there 
any unknown transporters responsible for 
drug absorption or hepatic transport or renal 
elimination such as MDR1, BCRP, OAT1, 
OAT3, OCT2, OATP1B1 and OATP1B3 ?” 
I believe that currently no one can conclude 
that there is no other functionally important 
transporter for the ADME of drug and can-
didate compounds for a new drug. In order 
to answer this question, we have to search 
through all the putative transporter proteins 
highly expressing in the plasma membrane 
of small intestine, liver, kidney, brain capil-
laries and diseased organ such as cancer cells 
in human. According to our preliminary 
study, there are certain numbers of unknown 
or unnamed candidate transporter proteins 
expressing abundantly in the human plasma 
membrane. The second step is to clarify the 
transporter function. We expect part of this 
step will present some challenges. Setting up 
a cDNA transfected cell line for each poten-
tial candidate transporter protein is the easy 
part. The difficulty lies in finding a substrate 
of the transporter. This is the critical part to-
gether with clarifying the driving force of the 
transporter function. The third step is, again 
a PBPK model. So that is our ultimate goal 
and I think this study could be completed 
within ten years, of course funding support 

from EU, USA and Japan will be a key re-
quirement for such a big research project.

IQPC: Can you tell us more about your 
work as a senior scientific advisor with 
Bertin Pharma and the MS2plex technol-
ogy?

T.T.: Three years ago, we set up a company 
on campus called Proteomedix Frontiers and 
the logo is on the box of the MS2plex kit 
(the MS2plex kit enables membrane protein 
quantification such as ABC transporter, SLC 
transporter, CYP and UGT enzyme and is 
based on the validation work and method-
ology developed by Professor Terasaki and 
his colleagues). Bertin Pharma has the right 
to use the patent covering this technology 
based on the contract with our company 
(Proteomedix Frontiers). Should a customer 
request any specific target protein quantifica-
tion which is not in the MS2Plex catalogue, 
we could select the peptide for the protein 
quantification and create an “On-Demand 
Kit”. 

The reason we collaborated with Bertin 
Pharma is that they have a very strong back-
ground in producing protein qualification 
kits such as ELISA assays. They have a lot of 
expertise in handling these kits. Protein is 
not a simple material to handle, for instance, 
it must be kept at a very low temperature for 
shipping and specific knowledge is required 
to ensure a high level of quality is main-
tained with the kits. Our company is very 
small and we do not have that particular 
expertise or experience, therefore we col-
laborated with Bertin Pharma. Of course, 
Bertin Pharma has a very strong background 
and focus in ADME and they have a large 
distribution network in the world. They also 
have a lot of experience in customer sup-

port, which I believe, is a very important 
requirement for productization. 

IQPC: What would you like to achieve 
with this technology? 

It is my goal and my partner’s goal to make 
our methodology the de facto standard 
for protein quantification including mem-
brane transporters. By that I mean a global 
standard, the benchmark protocol around 
the world. There are slightly different 
methods already published by different sci-
entists, but we believe that both our proto-
col and the result are very reliable. It is my 
personal mission to make a contribution to 
the international scientific society. That is 
my dream and the driving force behind my 
collaboration with Bertin Pharma. 

IQPC: Thank you.
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