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Abstract

This paper discusses the successful adoption of a subscription-based, open-access model of service
delivery for a mass spectrometry and proteomics facility. In 2009, the Mass Spectrometry and
Proteomics Facility at the University of Melbourne (Australia) moved away from the standard fee for
service model of service provision. Instead, the facility adopted a subscription- or membership-
based, open-access model of service delivery. For a low fixed yearly cost, users could directly
operate the instrumentation but, more importantly, there were no limits on usage other than the
necessity to share available instrument time with all other users. All necessary training from
platform staff and many of the base reagents were also provided as part of the membership cost.
These changes proved to be very successful in terms of financial outcomes for the facility,
instrument access and usage, and overall research output. This article describes the systems put in
place as well as the overall successes and challenges associated with the operation of a mass

spectrometry/proteomics core in this manner.

Introduction

The Bio21 institute is a multidisciplinary research institute attached to the University of Melbourne
in Australia. The institute houses approximately 650 staff and students. It houses four of the
universities major technology platforms: Electron Microscopy, the largest NMR facility in the
southern hemisphere, Metabolomics Australia, and the Melbourne Mass Spectrometry and
Proteomics (MMSP) Facility. The MMSP is a university-funded, core facility designed to provide
basic chemical mass spectrometry as well as proteomic mass spectrometry services. Analysis of
metabolite samples is handled separately by Metabolomics Australia due to separate federal funding

sources.



From its inception in 2006, the MMSP has had two core staff (a facility manager and one research
assistant) and operated one mass spectrometer (Agilent 1100 nanoLC-CHiP — HCT ion trap). This was
followed later, in 2008, by a second system (Agilent 1100 HPLC, 6220 TOF mass spectrometer). The
MMSP has offered base services such as gel spot analysis and analysis of chemical synthesis
products, operating under a standard fee for service model where users are charged per sample or
by hourly rate. By late 2008, the facility had a small but loyal group of approximately 20 clients, but
the total income for the facility was only ~$37,000 (Australian dollars). Overall the net research
output was poor, and did not justify the financial investment by the University. In conjunction with
this, local academic groups wanted access to new high-resolution MS technology, faster access to

results and greater breadth of expertise within the core.

This provided the backdrop for a complete operational change in 2009. Instead of using the
standard fee for service/time model of service delivery, the MMSP changed to a completely open,
subscription-based mass spectrometry facility. This transformation has been extremely successful as
evidenced by a 10-fold increase in income and user numbers. The rest of this article details the
method and structures put in place, the advantages and challenges of the approach, and the

outcomes of this change.

Method

Instead of operating as a traditional fee-for-service facility whereby each sample is run by facility
personnel and charged at a nominal rate, billing was changed to an annual subscription fee or

membership fee. It was acknowledged by the institution at the outset that the funding reality for
the local academic community meant that it was unlikely that the facility would ever reach a cost
neutral or financially profitable position. With this in mind, it was decided to try to build a facility

with many users paying a small amount rather than having a service that relied on the few rare users



that could pay a realistic cost. Thus, the membership fee was deliberately set at a very low level of
$3200 per year per lab for University of Melbourne academic users (higher rates for external
academic - $4500, and industry groups — at least triple). Over subsequent years the fee has been
incrementally increased at approximately 5% per year. However, where the head of a laboratory
pays $3200 per annum, every directly supervised student or researcher under that lab could
effectively run as many samples as they needed during their subscription. The only limits were that
all users had to share the total available instrument time. No user could monopolise a system or use
it in preference to anyone else with any disputes or problems solved at the sole discretion of the
facility manager. For small projects a three or six month subscription option was also created with
the price set so that four 3 month subscriptions was significantly more than a single year. The intent

being to drive users to the single annual fee.

The annual subscription includes all training (provided by the existing facility staff) to perform the
necessary experiments. This covers sample preparation, data acquisition, and data analysis for a
wide range of services from simple infusion quality control analysis of organic chemical synthesis to
proteomic shotgun analysis. In effect, the facility personnel became teachers and the burden of
hours needed for sample preparation and data analysis was shifted onto the user base. As a facility,
we do not cater to those users that want “full service”. There are many other facilities in Australia

that will perform this work and we direct them elsewhere.

As an additional incentive, and as a mechanism to minimise maintenance and troubleshooting
problems, an area of the facility lab was set aside for sample preparation. Laminar flow hoods and
base reagents required for standard mass analysis/proteomics such as LC/MS grade solvents, tris(2-
carboxyethyl)phosphine hydrochloride, triethylamonium bicarbonate, dimethyl labelling, and trypsin
were provided free of charge. Importantly, this also included auto sampler vials in order to prevent

damage from incorrect vial selection. Expensive reagents such as SILAC, iTRAQ, antibodies, specialist



cross-linkers and similar were not included. Instrument maintenance remained the responsibility of
facility staff; however, frequent users were encouraged to learn basic techniques to further develop

their knowledge and skills.

Current Configuration and workflow

As of 2017, the facility now has six mass spectrometers dedicated to facility operations. There is also
two additional mass spectrometers owned by co-located research groups and two additional seed

instruments under evaluation.

For our standard chemistry users there is a Thermo Exactive Plus mass spectrometer linked to a
Thermo U3000 HPLC pump and auto sampler. The HPLC system is set-up for infusion only as a way
to simplify sample handling and system control. A series of standard methods are available covering
different mass ranges and carrier solvents (Water, Acetonitrile or Methanol, all with 0.1% Formic
Acid). The instrument methods are all 1 min in duration and operate at maximum resolving power
(120,000). The instrument is calibrated weekly and also uses contaminants (214.08963, N-

Butylbenzenesulfonamide) in the gas supply as a lock mass.

For standard intact protein analysis there is an Agilent 6220 esiTOF with standard electrospray ion
source. The instrument is calibrated weekly and the reference ions used as lock mass are present in
all methods. This instrument is connected to an Agilent 1100 HPLC and a small selection of 2.1mm
C4, C8 and C18 columns are supplied. Users are encouraged to purchase their own columns;
however most do not do so. A series of stock methods covering different mass ranges and
separation times are in place. More advanced users can alter the base methods (set in the operating

system as “Read Only”) and save under their own name.

For the two instruments above users undergo an initial 45min training session that explains the

health and safety issues, the basics of electrospray and instrument principals with the assistance of



several YouTube videos, information about isotope and charge series, and lastly basic instrument
operation. Users are by no means “expert” mass spectrometry practitioners however, they are able
to perform simple experiments and we encourage them to return several times over the next few
days to embed their learning. Once trained the users are able to freely book time on each

instrument (http://apps.bio21.unimelb.edu.au/booking/select resource.php?r g id=2), they can

consult facility staff whenever assistance is required. There is the capacity to set up specialist
methods using different solvents or columns; however, these experiments have to be negotiated
with facility management. In many instances, these types of experiments are scheduled out of

regular hours to minimise the impact on standard usage.

Proteomic set-up and workflow

The proteomic side of the facility is currently built around three Thermo Orbitrap instruments:
Orbitrap Elite ETD, QExactive Plus, and Orbitrap LUMOS ETD. All three instruments have the same
Thermo UltiMate U3000 nano UHPLC systems with identical trap elute-column configuration:
Acclaim Pepmap nano-trap column (Dionex — C18, 100 A, 75 um x 2 cm) and an Acclaim Pepmap
RSLC analytical column (Dionex — C18, 100 A, 75 um x 50 cm). Each instrument uses the standard
Thermo nano electrospray ion source fitted with a stainless steel spray emitter (40mm, OD, 1/32
inch, ID 30um, Thermo P/N THIES542). Higher chromatographic performance can be achieved with
alternate set-up, however, we have found the above to be the most robust and easily maintained.
The instruments are calibrated weekly and use ions in the gas supply as a lock mass (445.120026,
Dodecamethylcyclohexasiloxane). Proteomic users are given detailed methods for sample
preparation and usually perform their first experiments using facility-supplied reagents under the
guidance of a staff member. As the user’s competence grows, they become more independent. For
the proteomic users the most important facility management strategy is that none of the users have
fixed blocks of time allocated to their usage. Rather than use a time-based booking calendar in

which all proteomic samples are placed in a queue and when time is next available on the
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appropriate instrument the samples will be run (normally in order of receipt). Given the fragile
nature of nano scale chromatography, any problems with an instrument sample queue inevitably
make fixed time blocks unworkable. Our most common problem is a blocked trap column, but the
fact that the user loses the result of that sample and gets a bill for a new trap rapidly encourages

good sample preparation.

In general, the Orbitrap Elite runs gel spots and other simple digest experiments, the LUMOS takes
care of ETD, MS3-based quant, or highest sensitivity requirement experiments, and the QExactive is
commonly running data-independent acquisition (DIA) experiments. Samples are reassigned when
an instrument requires service or repair (reason for having all three with the same chromatographic
set-up). Users can request a specific instrument (commonly for continuity with previous data sets)
although the ultimate decision is made by facility staff. There are no hard rules about what type of
sample should be run on which machine and wherever practical or sensible we try to accommodate
the client request. Users asking which machine is best for their sample is a common occurrence and
staff try to guide them to the appropriate choice. All instruments are given a full cleaning on a
quarterly basis with cleaning of the S-lens as required in the intervening time. In between each
sample set we normally run at least two 30min wash gradients (more if required) plus a separate
peptide standard run using either 2 fmol Glu-fibrinopeptide (Sigma) or the RePLiCal (PQ-CS-1561)
retention time standards from PolyQuant (Germany). A blank at the start of every sample set is used
as a control for the presence of any sample carry over. A series of standard acquisition methods are
in place but most of our proteomic users are not overly interested in spending the necessary time to
become familiar with the instrumentation or its operation. Hence, the data acquisition is usually
overseen by facility staff although high frequency users are encouraged to participate in instrument
maintenance and set up. Users wanting to perform experiments using different columns, solvents,
or other set-up are accommodated by special arrangement although wherever possible they are

directed back to the standard configuration.



For basic proteomic data analysis a custom online webserver enables users to remotely login and
start their own searches. There is no need for users to return to the lab to collect data. Currently
the system has 183 registered users routinely analysing their own samples. For quantitative analysis
samples, the facility has dedicated workstations running multiple software platforms: Skyline,
MaxQuant, Proteome Discoverer, Byonic, Spectronaught and others. Each workstation is adjacent to

the desk of a facility staff member so that questions or instruction is immediately available.

Outcomes

Financial outcomes

The change to a subscription-based, open access model commenced in June 2009, and from that
point on overall facility usage dramatically increased. Figure 1 illustrates how the facility income has
grown from 2009 to 2016. Since 2008, total income has increased by 932%. This has been achieved
by greatly increasing the user base and by the incremental increase in the subscription cost. Since
2010, total income has grown by 269% while total expenditure has increased by a maximum of 220
% (in 2014) which includes the addition of two new staff members and additional instrumentation.
An important point to note is that despite the large increase in facility users there was not a
corresponding increase in the consumable budget for the facility (compare the consumables for
2010 and 2011 with 2016). There are several reasons for this. Firstly, the facility does not really use
many consumable items. Those that we do use (e.g., trypsin, TEAB buffer, solvents for nanoHPLC,
and pipette tips) are generally inexpensive and a doubling the amounts used has only a minor
impact. By far the largest cost increase was in the provision of sample vials. The costs here were
offset by bulk purchasing and cost savings elsewhere such as requiring users to bring their own
fraction collection plates. Secondly expensive items like nanoHPLC columns generally last several

months before replacement and are always required whether the instrument is in use or not. Thus,



one user or ten makes no difference if they are queued up to use the same instrument. Figure 1
shows that the largest cost variable has been instrument service. The swings in this section of
expenditure have been predominantly dictated by instruments coming in and out of warranty. We

use service contracts on our most important instruments.

Clearly, the facility is still running a significant deficit and it is unlikely in the current funding
environment that it will ever be cost neutral. However, the large increase in income has enabled the
significant expansion of the facility without placing an increased burden on university finances. To
facility managers in the United States where facilities are often run as cost recovery the deficit may
seem remarkable. The university does not altruistically provide a subsidised service. It is a function
of the nature and history of academic funding in Australia. This is far too complex to discuss here,
but the outcome is that investigators rarely receive funding that would support the real cost of
access to core facilities. As a result, most Australian academic core facilities (of all types) run at a
deficit or require additional financial support. For those interested, a recent development has been

the Australian Government National Collaborative Research Infrastructure Strategy (NCRIS).

Facility membership and usage

Figure 2 shows how the total number of users has increased dramatically over the past 7 years.
There are now more than 50 labs from within academia and industry that are currently subscribed.
In addition to the University of Melbourne user base, the platform now draws users from four other
universities in the state plus three additional universities from interstate. There are also
subscriptions from twelve other major medical research institutes in Victoria, Australia. The platform
also has three industry labs using the platform’s resources with six other commercial clients having
accessed the available technology over the past few years. The MMSP has become an invaluable
resource to small start-up companies who could never justify investing millions of dollars to

duplicate the equipment and staff resources now in the MMSP. More significantly and from an



overall university facility funding perspective, 51% of the facility income was generated from
external sources in 2016 despite external users representing only 32% of the user base. From Figure
2 the years 2014 to 2016 suggest that the growth in lab subscriptions is reaching an equilibrium
where the number of labs starting is similar to those finishing up. Given that there is only a limited
number of accessible labs requiring proteomic services it is likely that future income growth will slow
significantly with most of the increase coming from an increase in the subscription price. This now
presents a new challenge; what is the maximum subscription price that can be applied while still
maintaining the large user base? At present, the cost is $5100 for internal academic users and
$6500 for external academic users and the overall user numbers are the similar. Future increases will

have to be carefully implemented to ensure the required cost does not collapse the user base.

Facility output for chemistry and intact protein

Shifting the majority of the sample preparation and analysis workload onto the facility users has also
facilitated a much higher sample throughput and consequent publication output than could be
expected from a facility with only four staff. Considering only the “low end” Exactive and Agilent
systems used for chemical and protein quality control, these two instruments require minimal
oversight from facility staff and yet they generate the largest user group. As an example of usage,
the Exactive system was installed in February 2016. As of October 2017, it now has 139-trained
users, ran 7304 samples in 2016, and so far has run 19522 samples in 2017. Similarly, there are 189-
trained users for the Agilent system (there is overlap in these numbers as some users are trained on
both) and in 2016 it ran 8578 samples.

This large number of samples also translate into a large number of facility associated publications, as
the data generated is an essential quality control step in any synthetic chemistry or recombinant
protein research project. Facility staff do not receive authorship although users are requested to

acknowledge the facility in any publication. Of the 423 journal articles attributed to the facility
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approximately 70% used one of the “low end” instruments to confirm the mass of a synthetic

chemical product or a recombinant protein (examples [1-9]).

Facility proteomic outcomes

The proteomic aspect of the facility has been growing steadily with the user base. Our proteomic
search server currently has 183 registered users that are able to login and search their own
proteomic data. Most of these individuals are only performing simpler proteomic work such as gel
spot analysis or immunoprecipitation experiments. However, as confidence and expertise grows
many move on to more complex quantitative experiments. A critical part of running the proteomic
side of the facility is the willingness of the facility staff to work openly and co-operatively with the
users. It is a tedious task explaining b and y ions or how to use MaxQuant to novice users multiple
times a month. You also have to be prepared for regular experimental failure due to inexperience.
However, the reward is getting to work with a very broad range of projects while letting the user do
the hard work of preparing the biological samples and later crunching through data sets. For new
users that want quantitative proteomic data, a common starting point is to take a single sample, split
it in two, and see if they can get a 1 to 1 quantitative outcome at the end. Of course, there are
users that require more help than others and this is where facility staff are often acknowledged with
authorship. This is one of the most difficult aspects to manage; how much assistance is a genuine
academic contribution to a paper? In our facility, assisting someone to identify a few gel spots is
trivial and not regarded as an academic contribution. Where possible we try follow the University of
Melbourne authorship policy however there are occasional individuals/groups that resist
appropriate recognition for facility staff. Our general impression is that we have less problems in
this area than “full fee for service” facilities because we are a “collaborative teaching” lab and have
more direct contact with the users. The users appreciate the time spent teaching them how to

process their data and can directly see how much effort facility staff are putting into the project. On
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the quantitative proteomics side facility users have published papers using SILAC[10], spectral
counting[11], di-methyl-labelling[12] multiple reaction monitoring[13], and label free techniques[14,
15). Phosphproteomic and TAILS[16] publications are currently under review and we have even
occasionally (for one special project) branched into metabolomic work([17, 18]. From our publication
database, we attribute 135 publications to the proteomic side of the facility (examples [10-15, 17-

27]).

A common query from other facility managers is how often do user prepared samples lead to
instrument downtime. Unfortunately, we do not have a direct measure for this or of overall system
downtime. This is discussed further below and in the methods section. The best guide to system
downtime is our usage statistics. Since the start or 2013 until October 2017, the facility has run
(excluding blanks, washes and standards) 36915 proteomic samples (2013, 6886 samples; 2014,
4115 samples; 2015, 9861 samples; 2016, 8908 samples; 2017, 7145 samples). The most common
user contributors to downtime are blocked trap columns or polymer contamination. These
problems are quickly sorted by facility staff. Otherwise, we suffer the usual hardware issues such as

turbo pump failures.

Grant Funding

Text mining of our publication list also reveals that since 2009, the MMSP has supported over 100
successfully competitive grants. All the above output has provided a strong basis for equipment
funding and the facility has been associated with four successful Major National Equipment grants
(Australia Research Council, Linkage Equipment and Infrastructure Fund; LE0882913, LE100100036,
LE130100024, LE160100015) which in conjunction with internal university support has facilitated the

purchase of five Orbitrap instruments. One of the biggest advantages of a large user base is the very

12



large range of projects that can be submitted as examples of work to potential funding

opportunities.

Discussion

The subscription billing system

The change to a subscription billing system in 2009 was initially greeted with apprehension by a few
of the existing academic users. They were only paying S50 per sample and the new system was
suggesting they suddenly pay $3200 up front. To overcome this, the total cost that each lab had
spent over the prior two years on a per sample basis was calculated and demonstrated that they
would actually be better off with the subscription rate (another reason for the low initial

subscription price).

The subscription billing system has many advantages over the cost per hour/sample model. The
biggest benefit is budget certainty of a simple fixed cost. From a facility management perspective, it
reduces overall income volatility and allows better forecasting. More importantly, for group heads
preparing funding applications there is a single fixed fee for access and no need for concern about
the possibility of cost overrun. This is also a key selling point for facility managers when meeting
new clients. Regardless of complications, the need for extra controls, failed experiments, or
unexpected samples the fee is always the same. Uncertain new users can be assured it does not
matter if they ‘mess up’ their first few samples. It also means there is no need for the facility
manager to produce detailed quotes or to have to renegotiate terms if a project has changed in

scope.

The subscription model also removes the need to monitor sample numbers or hours used for billing
purposes. There is no need for facility or support staff to be invoicing multiple entities each month

for what, in many cases, is trivial amounts of money. A significant scientific benefit was also obtained
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in that under the fee for sample method the incentive to deliberately not run blanks, washes, or
sometimes controls in order to minimise the cost was removed. Fee for sample also discourages the
“crazy idea” experiment, and limits the ability of keen students to try new things. Under the
subscription model, so long as instrument time is available users can experiment as they see fit and

take their time, where available, to learn more about the technology’s capabilities.

One of the arguments against our specific implementation of a lab subscription model is that large
labs tend to get a better deal than smaller labs as they have more users. Therefore, large labs
should pay more or be charged per capita. However, experience has been that lab size does not
scale directly with overall usage and that requirements fluctuate over the course of a year/project.
While some users have hundreds of samples, others have relatively few and, hence, do not make the
most of available resources. Under the single fee model users that genuinely have only one or two
samples are the most difficult to accommodate. In these instances, the facility staff will simply run
the samples free as a gesture of goodwill and demonstration of capability. It is obvious if users try to
abuse this. We also point out that “just two gel spots” becomes four when adding controls and then
a repeat makes eight and so forth. From a facility sales or pricing perspective, it was important to
price the service it so that it would be more expensive to do 10 gel spots somewhere else than to do
as many as you like in the MMSP. For groups that want large label-free datasets the fee structure
represents an extremely low cost which could be open to abuse. Our experience has been that
these data sets tend to come in batches, and that because we require our users to prepare and
analyse their own samples, the rate of sample production is generally self-limiting. Additionally,
should one user ever try to flood the system with samples, their use is tempered by the requirement
to share the facility machine time will all other subscribed users; as stated earlier no user has
preferential access rights over any other. Access, for proteomic samples, is provided strictly in the

order of sample arrival unless specifically arranged with the facility head. Very large sets may be split
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over time — although MS1 quantitation experiments make this more difficult. Overall, the above

restrictions have resulted in all of our instrumentation being fully booked every day of the year.

Another genuine concern is that one lab will sign up and then run samples on behalf of others. This
has occurred; however, it is uncommon and quickly dealt with. Again, because our users need to
prepare and analyse their own samples, they may run one or two samples as a favour to someone
but they very quickly reject requests for large numbers. In a practical sense, these users end up
promoting the facility’s services to others when doing one or two samples. While there are
inequities in our one size fits all billing system the overall simplicity and clarity of its structure

outweighs the negative aspects.

Open Access: Novice users will break the equipment.

One of the frequent criticisms of regular facilities is that they are insular, uncooperative, or
inaccessible. The resentment from local researchers and resulting negative feedback then puts
substantial pressure on the facility at an institutional level. The most commonly raised reason for a
closed facility is that inexperienced users will break the very expensive instruments. This is a real
concern; however, with the right set up and constant training most problems are avoided. The
primary (obvious) mechanism has been having multiple machines specifically set aside for particular
purposes. The original base set-up was an ESI-TOF MS for the chemistry and intact protein users and
a second nano LC/MS system for proteomic experiments. By splitting out the chemistry and intact
protein users from the nanoscale users, we avoided the conflict between the dirty users and the
need for sensitivity. This evolved over time to an independent machine just for the organic
chemists, one machine for intact protein work, and a set of nanoLC proteomics instruments. Aside
from sample segregation the second strategy to minimise problems was to ensure all of the MMSP
instruments have standard methods set up by facility staff and wherever possible automation is

used. As an example, the chemistry users (since 2015) have access to an Orbitrap Exactive with an
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auto sampler/HPLC system front end that is set-up for infusion — not separation. Users only need to
choose a method and give the sample a filename and auto sampler position. The rest is automated.
Thus, most of the problems encountered stem from poor sample prep rather than direct
“instrument damage”. Poor sample prep has to be addressed with constant education and explicit
sample preparation protocols. While mistakes and carelessness are inevitable, all users want quality
data and so rarely make the same mistake twice. For proteomic users, experience has been that
most biologists are not interested in direct hands-on use of the instrumentation. They are content
to prepare and analyse the data but do not have any interest in troubleshooting nanoLC systems. As
such, the majority of problems stem from poor sample preparation.

Overall, open access to instrumentation does increase system maintenance requirements however;
it is not the disaster that many imagine so long as there is ongoing education and well-organised

workflows.

Unexpected benefit of Open Access

All facility managers would be familiar with the problem of users providing unsuitable or
incompatible samples for analysis. Samples heavily contaminated with polymer are a common
example. This requires the facility to liaise with upstream users and explain, perhaps for a second
time, what the problem is and why the experiment failed. Unfortunately this is not always well
received by the users who insist that the samples were absolutely “perfect” and that it is clearly a
problem with the facility or/and the incompetence of its staff. With the open model the user runs
the sample and directly observes the polymer contamination. They gain a direct understanding of
why polymer contamination is to be avoided. Most importantly, the facility was not directly
involved in the sample preparation so there is a clear chain of responsibility. So long as the
instruments are operating correctly (a quick peptide control before every sample set), the user has
to own the problem. At worst, the facility failed in its responsibility to teach proper sample

preparation, which is mitigated by the detailed, protocols that are initially provided to the user.
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The staffing challenges of Open access.

The most difficult part of operating an open-access, unlimited-use subscription system has been the
requirements and demands on the facility staff. The facility is effectively a research-teaching
laboratory with all of the repetition, occupational health and safety, and interpersonal challenges
that this entails. Facility staff have to be very knowledgeable, patient, and willing to take the time to
teach people and be forgiving of ‘rookie’” mistakes. A key requirement /adjustment for core staff is
to regard poor sample preparation or hardware damage by users as a failure of the facility staff to
adequately train the user. There are obvious limits to this attitude when it comes to willful or
careless behaviour but in general this is rare; the users are spending their own time preparing and
running the samples so it is in their own interests to see it done correctly. At the present time, the
four full time MMSP staff (3 + 1 bioinformatician) supervise the mass spectrometry activities of 300+
researchers, which results in a chaotic workload. At the same time, they also have to oversee the
maintenance and overall operation of the instrumentation, which (as already described) may require
attention due to careless use. Lastly, they need to be familiar and capable of teaching users how to
analyse the datasets created in the lab. For all of these reasons, each staff member also has the

opportunity to work in a genuinely collaborative academic way with a great variety of projects.

Conclusion

The conversion of the MMSP from a standard fee-for-service facility to an open-access, subscription
model has been very successful. Since 2009, the MMSP has grown at a steady pace to the point
where the facility now has four staff, 9 mass spectrometers (acquired through grant funding) and a
stable, albeit negative, budget position that underwrites the facility activities. More importantly
from a university investment perspective, the greatly expanded user base of trained clients means
that the academic output of the MMSP far exceeds the possible output of a traditional fee-for-

service lab that only has four staff. All of these users have been trained to be as independent as
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possible while working in the MMSP. Not only do users appreciate the ability to get access to
instrumentation, but they also learn how to better design their upstream experiments. On multiple
occasions, people that started out knowing very little about mass spectrometry have progressed on
to later design sophisticated mass spectrometry experiments. All of this has been achieved while
maintaining a cost structure that is low enough to enable access to underfunded academic groups.
This funding model does rely on a large number of users to pay a small amount, and so the same
strategy will not work in isolated locales or anywhere that does not have a critical mass of potential
users. However, the administrative and practical advantages of the subscription model still apply,
and when combined with the open access model of usage offer tremendous advantages over the
standard fee-for-service model. The author is aware of other proteomic/mass spectrometry
facilities that have implemented various aspects of subscription billing or open access and would

welcome further contact and discussion.
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Facility income and Expenditure from 2008 to 2016
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Income or Expenditure (AUDS)

H Income 38,000 99,250 136,250 167,850 209,600 267,916 299,098 328,150 366,400
H Consumables N/A N/A 104,700 136,460 122,002 102,141 98,685 82,414 108,329
i Maintenance N/A N/A 59,708 34,553 56,832 90,360 192,148 168,967 38,362
M Salaries N/A N/A 129,139 262,855 372,121 511,875 511,875 510,821 497,957
M Total expenditure N/A N/A 293,547 433,868 550,955 704,376 802,708 762,202 644,648

Figure 1: MMSP income and expenditure over time. The change to a subscription billing system
occurred in 2009. The Red columns represent total income for the year. The column for 2008
represents the total income for samples paid on a per sample basis during that year. The green
columns represent total expenditure on general consumable items such as solvents and trypsin. The
yellow columns represent instrument maintenance. This area of expenditure has dropped since
2014 primarily due to the replacement of older instruments with newer systems that are under
warranty. As the new instruments come out of warranty this aspect will increase. The light blue

columns represent staff salaries and associated costs. The dark blue columns represent total facility
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expenditure. The expenditure data prior to 2010 has been archived by the university and was not
readily available. The total facility income in 2016 is a 926% improvement over the original income

base in 2008, while total expenditure has increased 220% at its maximum in 2014.

20



Number of Labs using MMSP since 2008
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2008 | 2009 | 2010 | 2011 | 2012 | 2013 | 2014 | 2015 | 2016
M Internal University Labs| 8 21 27 25 32 30 21 34 33
M External academic Labs 0 6 10 7 14 32 20 18
H Industry Labs 0 0 3 6 6 6 4 5 7
4 Total 8 24 36 41 45 50 57 59 58

Figure 2. The number of subscribed labs paying a fixed fee accessing the MMSP since 2009 when the
change to a subscription system occurred. The column for 2008 is the number of labs that paid on a
per sample basis during that year and is provided for reference (Data directly from the Bio21

booking system).
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