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The drug discovery process has been continuously 
refined over the years. However, the basic approach 
remains largely unchanged despite many technological 
advancements. So, some are asking, "Is it time to 
fundamentally modify the way we approach new 
pharmaceutical development?" 

A team at the University of Michigan, led by Brandon Ruotolo, professor of 
chemistry, believes it is, and they think they have the right tool for the job: 
the new Agilent 6560C Ion Mobility LC/Q-TOF. Ruotolo and team partnered 
with Agilent scientists to expand the capabilities of the platform to enable 
deeper protein characterization, which has the potential to revolutionize the 
development process for protein-based therapeutics in biopharma. 

But first, let’s see where drug discovery stands today
The average pharmaceutical compound costs billions of dollars and takes a 
decade to develop. Often hundreds of thousands of candidates are screened 
to find a single approved treatment. Ruotolo described the drug discovery 
process as an extremely complicated endeavor that is "sort of like landing on 
the moon, but doing it blindfolded." 

In fact, many transformative pharmaceutical compounds were discovered 
by chance, while many others took advantage of a refined pipeline. This 
pipeline uses well-understood technologies and tools, often leading to small 
molecule pharmaceuticals that can broadly be classified as enzyme-inhibitors. 
Historically, these are the types of pharmaceutical compounds that most 
people think about when they think about medicines.
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Many targets for future drugs will not be the classical small molecule 
enzyme-inhibitors that we are used to. Diseases discovered today are 
more complicated and will rely on pharmaceutical mechanisms such as 
protein-protein interactions or proteins unfolding a certain way. We need new 
technologies and new ideas to attack these challenges. We need to evolve the 
drug discovery pipeline, which is exactly what Ruotolo and his team are trying 
to do. 

Introducing collision induced unfolding—a smarter way to 
evaluate protein therapeutics
Collision induced unfolding, or CIU, is a rapid way to evaluate the stability of 
a protein therapeutic or target. Stability is woven into the fabric of almost 
everything that we need to know about proteins and their roles in the 
pharmaceutical pipeline. Typically, protein-based therapeutics should be as 
stable as possible to retain efficacy and safety. 

A major benefit of CIU is that it allows access to stability information without 
needing to generate large amounts of purified protein. With CIU, stability 
can be assessed within mixtures, and it can be done orders of magnitude 
faster than with conventional technology. Thousands of protein-based drug 
candidates could easily be screened, providing information-rich data, which 
could improve and expedite the pharmaceutical pipeline. 

Ruotolo first noticed potential in CIU about seven years ago. However, there 
were some clear limitations. The mass range that could be unfolded inside the 
instrument was very small and was only viable for smaller proteins and nucleic 
acids. Ruotolo wanted to expand this mass range substantially to push CIU to 
the next level.

A partnership was born from a mutual desire to advance 
protein characterization
Agilent scientists also noticed the potential in CIU to measure intact proteins 
and protein complexes, but they needed an expert in the field to grow in that 
space. So, Agilent started a dialog with Ruotolo to improve MS-based assays 
for large proteins. "It’s rare to find a company that so deeply appreciates 
academic research and what it can bring to the concept of instrument 
manufacture and design. Agilent has been a great partner for us in that 
regard," said Ruotolo. 

Over the past five years, the partnership focused on expanding the mass 
range for CIU in the 6560 platform. They designed new ion optics on the 
front of the instrument to provide a much steeper potential energy surface 
for the ions to encounter. They also introduced a heavier gas, SF6, to the front 
region of the instrument. Now, each collision packed a larger punch, and there 
was more push to get the ions more energized over the entire length of the 
activation area. 

The combination allowed them to get the 
entire mass range that they wanted to 
unfold. One of the first publications was on 
the unfolding of an intact 800 kDa protein 
complex. "If you can unfold something of this 
magnitude, then the system is flexible enough 
to unfold almost any biomolecule you put in 
front of it," Ruotolo explained.

The new 6560C Ion Mobility 
LC/Q-TOF was born and transformed 
Ruotolo’s research
Ruotolo and team continued to put the 
6560C through its paces, analyzing 
larger multiprotein complexes. They 
needed high precision and accuracy for 
their CIU measurements, and the 6560C 
delivered. They also performed successful 
cross-platform comparisons. All of these 
features are critical for CIU if it is to be 
accepted and validated as an assay in the 
pharma pipeline. 

CIU experiments continued, and Ruotolo 
described early data as protein structural 
"fingerprinting." He said, "Early on, most 
data could not be tied to specific structural 
features. We just knew that the protein 
increased size due to internal temperature 
changes throughout the experiment." He 
continued, "However, now we can discern 
some structural information." 

"We record patterns in structural changes as 
a function of energy applied. Then, compare 
with another sample that has been through 
cellular stress or bound to a ligand, and we 
see how data changes between the two" he 
explained. "CIU data analysis often involves a 
lot of references between samples. Data for 
standard proteins must be highly reproducible 
to draw conclusions from unknowns with 
confidence, and the 6560C has excelled here." 



The 6560C has proven itself to be a powerful platform to look 
at different proteins and protein complexes across a wide 
range of masses and structural states. The CIU assay is very 
sensitive to differentiate biosimilars and proteins based on 
disulfide bonding, unfolding, and changes in covalent bonding. 
It can differentiate where disulfide bonds are located within 
different IgG subclasses with high levels of confidence. This 
will be helpful for pharmaceutical development, as igGs are 
used as scaffolding to build biotherapeutic proteins. 

Innovation did not stop with CIU success, future 
technologies are being evaluated for even more 
insightful data
"We are piloting the idea of combining electron capture 
dissociation, or ECD, with CIU to better understand the region 
of the protein that was unfolded," said Ruotolo. CIU can be 
used to unfold the protein or protein complex. Then, ECD can 
break the covalent bonds in that unfolded region. Fragments 
can be recorded and then you can structurally annotate 
the transitions in CIU. The combination also substantially 
increases sequence coverage for intact protein complexes, 
which can potentially lead to learning everything that we need 
to know about its composition. "We are very excited to see 
where we can take this and see what we can do with this 
technology," stated Ruotolo. He added, "I think it will be a very 
powerful combination in the future for protein engineering and 
biotherapeutic development."

Throughput is also an improvement that Ruotolo and his team 
are investigating. Not only do they want information-rich MS 
screening capabilities, but they want them fast. They think 
the Agilent RapidFire could be a solution. The RapidFire is 
an integrated autosampler for ultrafast sample cleanup for 
high-throughput MS. The RapidFire is traditionally used for 
small molecule analysis, but Ruotolo would like to modify 
it to be more suited for large molecules. "Something like a 
size-exclusion cartridge could provide a fast means to desalt 
the proteins before introduction to the MS," Ruotolo said. 

A reproducible, high-throughput assay could truly 
expedite the drug discovery pipeline
One MS-based assay that can tell you the molecular weight 
of a protein, the structure or states it adopts, the number of 
bound states between the target and the drug, and all of the 
stabilities associated with them would be transformative. "If 
you can get this information in early stages of your discovery 
process, you would know more about what your compound is 
doing mechanistically to the targets," said Ruotolo. "Therefore, 
you can make better decisions. Fail weak drugs earlier in the 
process. Or, push forward drugs that look promising and have 
the correct information to support potential efficacy."

Ruotolo believes, "A lot of important doors will be unlocked 
as a product of this technology." He added, "These tools 
will enable smarter, faster biotherapeutic screening, small 
molecule drug discovery, and multiprotein complex structural 
analysis. Together, these tools can push new pharmaceutical 
drug development pipelines forward." 

The existing 6560 platform already had exceptional precision 
and accuracy. Now, the implementation of in-source activation 
on the Agilent 6560C Ion Mobility LC/Q-TOF significantly 
expands the application space, making CIU of large proteins 
a reality. The 6560C with CIU is a significant advancement for 
biopharma, providing deeper characterization of proteins, and 
has the potential to truly transform drug discovery research.
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