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Executive Summary

The Imaging Core’s (IC) two confocal laser scanning microscopes, the Leica SP5X and the Zeiss
LSM710, saw a combined average use of 42 hours per week in FY15, which is a 5.1% increase from
FY14. Between FY09 and FY14, the Zeiss consistently saw more use than the Leica, butin FY15, the
Leica was used more than the Zeiss (1206.25 hours vs. 963.5 hours, respectively). The increase in
use is due in part to the installation of a new HyD detector and time-gating technology in FY14.
Overall, the facility saw a 21.6% increase in the total number of microscope hours used (Zeiss LSM
710, Leica SP5 X, DeltaVision, Axiophot, AxioObserver and PerkinElmer spinning disk confocal).

Though the facility saw an increase in use, consumable and service contract expenses for all facility
microscopes in FY15 exceeded the total income collected via charge-backs by $10,802.20. It should
be noted that the department offered 15 free hours of Leica SP5 X use per week to a new professor
as part of a startup agreement. If the professor had been billed for his microscope use, the facility
would have lost only $3,033.75. The microscope with the largest disparity in income versus
expenses was the DeltaVision; expenses exceeded chargeback income by $10,096.99, in part due to
the extension of an introductory rate of $10 an hour through April 2015. If all hours had been
charged at the regular rate, the DeltaVision’s expenses would have exceeded income by $6,294.49.
One goal of the coming year will be to try and increase usage of this instrument.

From FYO05 through the end of FY15, 581 individual researchers were trained to independently
operate the confocals and DeltaVision microscopes, including students taking the 2-credit course,
BSCI427/CBMG688W, Principles of Microscopy. Use of the facilities microscopes has resulted in at
least 116 publications (detailed below, under “Publications”).

The IC implemented a new variable rate system for the confocal microscopes and DeltaVision in
FY13, where "peak” times (M-F, 8am-6pm, weekends/holidays) were charged at a slightly higher
rate than the "off-peak times" (all other times). In FY15, ~20% of all microscope use occurred
during off-peak hours. The director of the IC recommends we continue offering the variable rate
system rate system through FY16.

A PerkinElmer confocal spinning disk was installed in room B0118 of the Physical Sciences
Complex (PSC) building in December 2014. Thus far, this instrument has been used only by
Biophysics faculty members because the basement of the PSC building is still under construction,
and no incubator, card lock, or BSC is available at this time. The instrument is part of a new Satellite
Core, and is managed by the director of the IC.

A thorough investigation of microscope hourly rates at other institutions (Tables 13-17) shows the
IC's confocal, DeltaVision and widefield rates are well below the average charged at similar
institutions ($36/hr, $33/hr and $19/hr respectively). Because facility expenses exceeded income
by over $10,000 in FY15, the director of the IC recommends increasing confocal “peak” rates by
$4/hr (from $28/hr to $32/hr). Conversely, all off-peak rates will be decreased by $2/hr (from

$24 /hr to $22/hr. Please see Table 19 for a complete list of all proposed rates.



Introduction

Established in the year 2000 by the Department of Cell Biology and Molecular Genetics, the Imaging
Core (IC) was designed to enhance research and education at the University by providing students
and faculty with access to sophisticated light microscopes and imaging instrumentation whose
purchase and maintenance costs far exceed the budgets of individual investigators. Serving as the
primary resource for advanced light microscopy in the Biological Sciences at the University of
Maryland, the IC carries the mission of providing state of the art light microscopy instrumentation,
training users in basic and advanced light microscopy techniques and introducing the latest
technology and innovations in light microscopy.

Located in room 0107 Microbiology Building, the IC facility contains 9 rooms, five of which are
dedicated microscope space, a working darkroom, office space for the Director and a wet-bench lab
space with fume hood. When first established, the IC contained a single confocal microscope and a
deconvolution microscope. Over the years, demand for time on the instruments increased
dramatically, necessitating the purchase of a second confocal in 2008. At present, the IC contains 2
state-of-the-art confocal microscopes (a Zeiss LSM710 and Leica SP5X), a DeltaVision
deconvolution/TIRF microscope (installed in March FY14), a Zeiss AxioObserver fluorescence
microscope (available for use in February FY14), a Zeiss AxioPhot brightfield microscope and an
automatic film processor. In December 2014, a PerkinElmer spinning disk confocal microscope was
purchased and installed in the Physical Sciences Complex. This microscope will be part of the new
Satellite Core, and will be managed by the director of the IC.

The Director of the IC, Amy Beaven, oversees the routine operation of the laboratory and is
available during normal business hours to provide training on all equipment, guidance on
experimental design, assistance with image analysis and technician-assisted microscope operation.
Since taking over the IC operation in November 2005, Ms. Beaven has trained over 581 researchers
from at least ten different departments in six colleges and three different campuses of the
University of Maryland.

The IC is used by a diverse group of investigators, including undergraduates, graduate students,
post-docs, technicians and faculty. Students enrolled in the annual 2-credit class

CBMG688W /BSCI427, Principles of Microscopy, gain hands-on experience in the operation of the
IC’s brightfield, DeltaVision and Leica SP5X confocal microscopes. This course has trained an
average of fifteen students each year for the past ten years.

In the past, funding for the IC came from a combination of user fees and support from the
University of Maryland. In an effort to become self-sustaining, trends in facility income, expenses
and instrument usage were analyzed over time (the details of which are published in IC’s FY10-14
Annual Reports). The analysis showed that a gradual increase in hourly instrument rates were
necessary in order for the facility to become financially independent. As such, user fees were
incrementally increased over several years in the hopes that the IC would be able to cover all
maintenance and service contract costs through user fees alone. With additional rate increases, this
may soon be possible. It should be noted that current instrument fees are priced competitively and
still well below the average rates charged at similar institutions with equivalent instrumentation.



Facility Mission

The mission of the Imaging Core (IC), located in 0107 Microbiology Building, is to enhance research
and education within the College by:

1. Providing access to state-of-the-art light microscopy and imaging instrumentation.

2. Offering detailed training opportunities and support in basic and advanced light microscopy
techniques.

3. Keeping researchers up to date with the latest technology and innovations in light
microscopy.

Organizational Structure and Governance

e Director of the Facility: Amy Beaven
Faculty supervisor: Dr. Charles Delwiche, Professor

e Advisory Committee: Dr. Charles Delwiche, Professor (CBMG) Dr. Jose Feijo, Professor
(CBMG), Dr. Igbal Hamza, Professor (ANSC), Dr. Wolfang Losert, Professor (PHYS), and Dr.
Stephen Wolniak, Professor (CBMG

Personnel

The Director of the Facility, Amy Beaven, is the only full-time staff member within the facility. She
was hired in 2005 to manage the Imaging and Genomics Core facilities and was promoted to
Director in 2010. Ms. Beaven received her Master’s degree in Biology in 1999 and has over 13 years
intensive experience in confocal imaging techniques. She is available during the hours of 8am-
4:30pm to provide guidance in experimental design, training on all equipment, technician-assisted
confocal operation and assistance with image analysis.

History of the Facility

Amy Beaven was hired to manage the Imaging Core Facility in November 2005. She took over for
the previous director of the facility, Dr. Robert Brown, who had left the University several months
previously. At this time, the facility contained both Imaging and Genomics related equipment.
Instrumentation included a Zeiss LSM 510 confocal microscope (0107E), a DeltaVision
deconvolution microscope (0107F), an Olympus fluorescence microscope (0107), a Bio-Rad FX Pro
Plus Imager, a Konica film processor (0107A), an ABI 3730xl DNA sequencer (0107H), two ABI
3100 DNA Sequencers (0107H) and an ABI 7700 Sequence Detector Real-Time PCR machine
(0107H).



Summary of changes in instrumentation since November 2005

August 2006: A Mini Med 90 Film Processor (cost: $3,588.00) replaced the old Konica
processor. The department paid $2,500.00 of the total cost and each of the following PIs
contributed $109: Jonathan Dinman, Jeffrey DeStefano, Kenneth Frauwirth, David Mosser, Anne
Simon, Wenxia Song, Richard Stewart and Elizabeth Gantt. The developer is serviced monthly
by United Medical.

October 2006: Dr. Steve Wolniak (Interim Chair of CBMG) procured a Zeiss Axiophot
fluorescence microscope for the facility following Dr. Ron Weiner’s retirement. A CoolSnap EZ
monochrome camera, computer workstation and Nikon Elements software (total cost:
$13,400.00) were purchased in 2007 for the microscope using CBMG funds.

April 2007: The 7700 Sequencer Detector was replaced with a Roche LightCycler 480 Real-
Time PCR machine, which was purchased through CBMG using the Bioscience Research
Building capital equipment funds (and is housed in BRB; see below).

August 2007: Due to a drop in usage, the 3100 “North” DNA sequencer was taken out of
operation.

December 2008: The instruments in 0107H MICB (two ABI 3100 DNA sequencers, the ABI
3730x]1 DNA Sequencer and the Roche LightCycler 480 Real-Time PCR machines) were moved
to the new Genomics Core, room 2229 Bioscience Research Building.

December 2008: The Leica SP5 X confocal microscope was installed in room 0107H MICB. This
microscope was obtained by Drs. [an Mather and. Steve Wolniak via an NSF MRI grant.

October 2009: The LSM510 confocal microscope was dismantled to make way for the new
LSM710 confocal microscope. The LSM710 was purchased using college funds, authorized by
Dean Norma Allewell.

January 2009: Genomics Core Equipment: Bio-Rad CFX 96 Real-time PCR machine was
purchased and placed in room 2229 BRB.

April 2010: Genomics Core Equipment: Due to a drop in usage, the 3100 “West” DNA
sequencer was taken out of operation.

July 2011: Genomics Core Equipment: July 2011: Both the 3100 “West” and 3100 “North” DNA
sequencers were sold through Terrapin Trader.

November 2011: A Thermo Scientific Midi 40 CO2 incubator was purchased using Imaging Core
funds ($3,194.00).

February 2014: a Zeiss AxioObserver widefield fluorescence microscope was relocated from
room 3207 Bioscience Research Building. The microscope was installed in room 0107K and
upgraded with a new computer, new software (Zen 2012) and a new power supply, using a
combination of departmental and IC funds.

March 2014: A DeltaVision Deconvolution/TIRF microscope was installed in room 0107F MICB.
The microscope was purchased with departmental and college funds.

April 2014: Financial responsibility for the DNA sequencer was transferred to the Biology
Department.

August 2014: The Leica SP5 X was upgraded with a new HyD detector and time-gating
technology.

October 2014: The Zeiss LSM 710 computer was replaced (free upgrade due to computer issues
with the old operating system) with a Windows 7 computer and the software was upgraded to
the latest version of Zen.

December 2014: A PerkinElmer spinning disk confocal microscope was installed in the Satellite
Core, room B0118 Physical Sciences Complex.

January 2015: As a result of increased instruments and Imaging Core responsibilities,
management of the Genomics Core was transferred from Amy Beaven to Dr. Yan Wang.



Table 1: Current Imaging Core Equipment

Equipment Location Description Pu];;}tlgse In—(ézlclzgzrl;{l?cti(lei;‘;ory
Zeiss LSM 710 0107E 405 diode, argon October 2009/2010: $15.00/hr
Confocal MICB (458, 488, 514nm), 2009 2010/2011: $18.60/hr
Microscope 561, 633. 3 PMTs, 2011/2012: $22.00/hr

manual stage 2012/2013: $26.00/hr Peak
2012/2013: $23.00/hr Off-Peak
2013/2014: $26.00/hr Peak
2013/2014: $23.00/hr Off-Peak
2014/2015: $28.00/hr Peak
2014/2015: $24.00/hr Off-Peak
Leica SP5X 0107H 405 diode, argon December 2008/2009: $15.00/hr
Confocal MICB (458, 488, 514), WLL. | 2008 2009/2010: $15.75/hr
Microscope 5 PMTs, automated 2010/2011: $18.60/hr
stage, resonance 2011/2012: $22.00/hr
scanner, 2012/2013: $26.00/hr Peak
environmental 2012/2013: $23.00/hr Off-Peak
chamber 2013/2014: $26.00/hr Peak
2013/2014: $23.00/hr Off-Peak
2014/2015: $28.00/hr Peak
2014/2015: $24.00/hr Off-Peak
Deltavision 0107F Standard DAPI, FITC, | March 2014 | 2013/2014: $10/hr
Deconvolution/ | MICB TRITC, mCherry, CY5, 2014/2015: $10/hr thru 3/15
TIRF Microscope CFP, YFP filters, 2014/2015: $28.00/hr Peak
automated stage 2014/2015: $24.00/hr Off-Peak
Zeiss 0107K Standard DAPI], FITC, | February 2012/2013: $5/hr
AxioObserver TRITC filters 2014 2013/2014: $5/hr
Fluorescence
Axiophot Main lab | CoolSnap B&W CoolSnap, $2.00/hr since installation
Fluorescence camera, workstation | Elements:
Microscope with Nikon Elements | July 2007
Olympus 0107 Standard DAPI, FITC, | Unknown $2.00/hr since 2005
Fluorescence MICB Rhodamine filters
Microscope
Mini Med 90 0107A Standard film August 2006 | $0.00/hr since purchase
Film Processor MICB processor
Thermo 0107L CO2 incubator November $0.00/hr since purchase
Scientific Midi MICB 2011
40
PerkinElmer B0118 Spinning disk with all | December 2014/2015: $28.00/hr Peak
confocal PSC standard laser lines 2014 2014/2015: $24.00/hr Off-Peak
spinning disk




Summary of Facility Usage

During FY15, use of the Zeiss LSM710 averaged 18.5 hours per week and Leica SP5X use averaged
23.1 hours per week. The combined average usage of 41.6 hours per week is a 5.1 % increase from
FY14. Overall, the facility saw a 21.6% increase in the total number of microscope hours used (Zeiss
LSM 710, Leica SP5 X, DeltaVision, Axiophot, AxioObserver and PerkinElmer spinning disk
confocal).

Though the facility saw a 21.6% increase in use, consumable and service contract expenses for all
facility microscopes in FY15 exceeded the total income collected via charge-backs by $10,802.20. It
should be noted that the department offered 15 free hours of Leica SP5 X use per week to a new
professor as part of a startup agreement. If the professor had been billed for his microscope use, the
facility would have lost only $3,033.75. The microscope with the largest disparity in use versus
expenses was the DeltaVision; expenses exceeded chargeback income by $10,096.99, in part due to
the extension of an introductory rate of $10 an hour through April 2015. If all hours had been
charged at the regular rate, the DeltaVision’s expenses would have exceeded income by $6,294.49.
One goal of the coming year will be to try and increase usage of this instrument.

Table 2: FY15 Income and Expenses

Instrument/ Service Consumable Total Income Income -

Source Income | contract cost Cost Expenses Expenses
Zeiss LSM 710 $19,755.00 $51.49 | $19,806.49 | $27,654.50 $7843.71
Leica SP5 X $37,743.00 $51.49 | $37,794.49 | $25,576.25 | $-(12,218.24)
DeltaVision $16,200.00 $51.49 | $16,251.49 $6154.50 | $-(10,096.99)
Zeiss Observer $0.0 $51.49 $790.00 $738.51 $738.51
Axiophot $0.0 $51.49 $128.00 $76.51 $76.51
LSM700 training N/A $0.0 $1350.00 $1350.00 $1350.00
CBMG688W N/A $0.0 $1500.00 $1500.00 $1500.00
Total $73,698.00 $257.45 | $73,955.45 | $63,153.25 | $-(10,806.50)

Table 3: Combined LSM 710, SP5 X and DeltaVision Microscope Data by Fiscal Year:

Fiscal Income from Total # Hours Total hours used for | Total # Training

Year User Fees Used UMCP courses Sessions
2009 $5,090.75 345.78 0.00 39
2010 $30,732.93 2086.19 70.96 87
2011 $57,738.83 3087.55 55.50 68
2012 $49.777.56 2265.25 62.751 49
2013 $55,810.80 2180.00 90.75 61
2014 $56,948.80 2091.80 72.75 63
2015 $59,385.25 2545.25 63 62
Total $315,484.92 13,467.77 450.96 429




Table 4: Leica SP5X Summary Data:

Fiscal Income from Total # Hours Total hours used for Total # Training

Year User Fees Used UMCP courses Sessions
2009 $5,090.75 345.78 0 39
2010 $18,362.80 1282.517 70.96 43
2011 $24,290.48 1325.3 55.5 35
2012 $21,882.08 1021.25 62.75 29
2013 $21,922.00 932.25 90.75 35
2014 $25,160.55 886.3 71.25 34
2015 $25,576.25 1206.25 38.75 27
Total $142,284.91 6999.65 389.96 242

Table 5: Zeiss LSM710 Summary Data:

Fiscal Income from Total # Hours Total hours used for Total # Training

Year User Fees Used UMCP courses Sessions
2010 $12,370.13 803.675 0 44
2011 $33,448.35 1762.25 0 33
2012 $27,895.48 1244.00 0 20
2013 $33,888.80 1247.75 0 26
2014 $31,470.75 1173.75 1.5 17
2015 $27,654.50 963.5 6.5 22
Total $166,728.01 7194.93 8 162

Table 6: DeltaVision Summary Data:

Fiscal Income from Total # Hours Total hours used for | Total # Training

Year User Fees Used UMCP courses Sessions
2014 $317.50 31.75 0.0 12
2015 $6472.00 375.5 24.25 13
Total $6472.00 407.25 24.25 25




During FY15, 53 different laboratories from 10 different departments (AGNR, BioENGR, Biology,
CBMG, Chem/Biochem, ENGR, ENT, IBBR, Psychology, Physics) and 2 off-campus laboratories
(USGS and Howard University) made use of the facility’s confocal microscopes. CBMG accounted for

49% of the total microscope use (Figure 3).

Figure 1: Top Microscope Users by Department FY15
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Figure 3: CBMG versus non-CBMG Use of Microscopes FY15
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Publications that entailed the use of the Zeiss LSM 510:

10.

11.

12.

13.

14.

15.
16.

17.

18.

Bish, S. E., W. Song, and D.C. Stein. 2008. Quantification of bacterial invasion into host cells
using a beta-lactamase reporter strain: Neisseria gonorrhoeae invasion into cervical epithelial
cells requires bacterial viability. Microbes Infect. 10:1182-1191.

Sikes, ]. M. & Bely, A. E. Radical modification of the A-P axis and the evolution of asexual
reproduction in Convolutriloba acoels. Evolution and Development 10, 619-631 (2008).

The MHC class II-associated invariant chain interacts with the neonatal Fc gamma receptor and
modulates its trafficking to endosomal/lysosomal compartments. Ye L, Liu X, Rout SN, Li Z, Yan
Y, Lu L, Kamala T, Nanda NK, Song W, Samal SK, Zhu X. ] Immunol. 2008 Aug 15;181(4):2572-85
Activation of the JAK/STAT-1 signaling pathway by IFN-gamma can down-regulate functional
expression of the MHC class I-related neonatal Fc receptor for IgG. Liu X, Ye L, Bai Y, Mojidi H,
Simister NE, Zhu X. ] Immunol. 2008 Jul 1;181(1):449-63.

Identification and characterization of an alternatively spliced variant of the MHC class I-related
porcine neonatal Fc receptor for IgG.

Ye L, Tuo W, Liu X, Simister NE, Zhu X. Dev Comp Immunol. 2008;32(8):966-79. NF-kappaB
signaling regulates functional expression of the MHC class I-related neonatal Fc receptor for IgG
via intronic binding sequences. Liu X, Ye L, Christianson GJ, Yang JQ, Roopenian DC, Zhu X. ]
Immunol. 2007 Sep 1;179(5):2999-3011

Thyagarajan, R., N. Arunkumar, and W. Song. 2003. Polyvalent antigens stabilize BCR surface
signaling microdomains. J. Immunol. 170: 6099-106.

Onabajo, O., M. Seeley, A. Kale, B. Qualmann, M. Kessels, S-H. Tan, and W. Song. 2008.
Mammalian actin-binding protein 1 regulates BCR-mediated antigen processing and
presentation in response to BCR activation. ]. Immunol. 180(10):6685-95.

Sharma, S., Orlowski G. and W. Song. 2009. Btk regulates BCR-mediated antigen processing and
presentation by controlling the actin cytoskeleton dynamics in B cells. ]. Immunol. 182: 329-
339.

Dong CH, Rivarola M, Resnick JS, Maggin BD and Chang C (2008) Subcellular co-localization of
Arabidopsis RTE1 and ETR1 supports a regulatory role for RTE1 in ETR1 ethylene signaling.
Plant Journal 53(2): 275-286

Wenming Wang, Alessandra Devoto, John G. Turner, and Shunyuan Xiao. Expression of the
Membrane-Associated Resistance Protein RPW8 Enhances Basal Defense Against Biotrophic
Pathogens. Molecular Plant-Microbe Interactions. 2007 8:966-976

Wenming Wang, Xiaohua Yang, Samantha Tangchaiburana, Roland Ndeh, Jonathan E. Markham,
Yoseph Tsegaye, Teresa M. Dunn, Guo-Liang Wang, Maria Bellizzi, James F. Parsons, Danielle
Morrissey, Janis E. Bravo, Daniel V. Lynch, and Shunyuan Xiao. An Inositolphosphorylceramide
Synthase Is Involved in Regulation of Plant Programmed Cell Death Associated with Defense In
Arabidopsis. The Plant Cell 2008 20:3163-3179

Song, W.,, L. Ma, R. Chen, and D. C. Stein. 2000. Role of lipooligosaccharide in Opa-independent
invasion of Neisseria gonorrhoeae into human epithelial cells. ]. Exp. Med. 191 (6):949-60.
Cheng, P. C., B. K. Brown, W. Song, and S. K. Pierce. 2001. Translocation of the B cell antigen
receptor into lipid rafts reveals a novel step in signaling. ]. Immunol. 166 (6):3693-701.

Song, W. 2001. Signaling, actin dynamics and endocytosis. Acta Biophysica Sinica. 17 (1):10-18.
Brown, B. K,, and W. Song. 2001. The actin cytoskeleton is required for the trafficking of the B
cell antigen receptor to the late endosomes. Traffic. 2 (6):414-27.

Parent, B. A, X. Wang, and W. Song. 2002. Stability of the B cell antigen receptor modulates its
signaling and antigen-targeting functions. Eur. ]. Immunol. 32:1839-46.

Li, C,, K. Siemasko, M. R. Clark, and W. Song. 2002. Cooperative interaction of Igalpha and Igbeta
of the BCR regulates the kinetics and specificity of antigen targeting. Int. Immunol. 14:1179-91.
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19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Stoddart, A., M. L. Dykstra, B. K. Brown, W. Song, S. K. Pierce, and F. M. Brodsky. 2002. Lipid
Rafts Unite Signaling Cascades with Clathrin to Regulate BCR Internalization. Immunity 17:451-
62.

Thompson, M. V., and Wolniak, S. M. 2008. A Plasma Membrane-Anchored Fluorescent Protein
Fusion [lluminates Sieve Element Plasma Membranes in Arabidopsis and Tobacco. Plant
Physiology, 146: 1599-1610

Sirichandra, C., *Gu, D. ]., Hu, H.-C., Davanture, M., Lee, S., Djaoui, M., Valot, B., Zivy, M., Leung, ].,
Merlot, S. and Kwak, ]J. M. (2009) Phosphorylation of the Arabidopsis AtrbohF NADPH oxidase
by OST1 protein kinase. FEBS Letters 483 (2009) 2982-2986

Jammes, F., Song, C. ], D. ]. Shin, Munemasa, S., Takeda, K., Gu, D., Lee, S., Cho, D. S., Giordo, R.,
Garg, A., Sritubtim, S., Leonhardt, N,, Ellis, E. B., Murata, Y. and Kwak, ]. M. (2009) MPK9 and
MPK12 are preferentially expressed in guard cells and positively regulate ROS-mediated ABA
signaling. will be submitted shortly.

Zhang XN, Mount SM. Two alternatively spliced isoforms of the Arabidopsis thaliana SR45
protein have distinct roles during normal plant development. Plant Physiol. 2009 Apr 29
PubMedID 19403727

Rajagopal, A., Rao, A. U., Amigo, J., Tian, M., Upadhyay, S. K., Hall, C., Uhm, S., Mathew, M. K,,
Fleming, M. D., Paw, B. H., Krause, M. & Hamza, 1. (2008). Haem homeostasis is regulated by the
conserved and concerted functions of HRG-1 proteins. Nature 453, 1127-31

dos Reis Figueira A, Golem S, Goregaoker SP, Culver JN. A nuclear localizationsignal and a
membrane association domain contribute to the cellular localization of the Tobacco mosaic
virus 126-kDa replicase protein. Virology. 2002 Sep15;301(1):81-9. PubMed PMID: 12359448.
Padmanabhan MS, Goregaoker SP, Golem S, Shiferaw H, Culver JN. Interaction of the tobacco
mosaic virus replicase protein with the Aux/IAA protein PAP1/1AA26 is associated with disease
development. ] Virol. 2005 Feb;79(4):2549-58. PubMed PMID: 15681455; PubMed Central
PMCID: PMC546588.

Padmanabhan MS, Shiferaw H, Culver JN. The Tobacco mosaic virus replicase protein disrupts
the localization and function of interacting Aux/IAA proteins. Mol Plant Microbe Interact. 2006
Aug;19(8):864-73. PubMed PMID: 16903352.

Dutta S., and Baehrecke E.H. (2008) Warts is required for PI3K-regulated growth arrest,
autophagy and autophagic cell death in Drosophila. Curr. Biol. 18, 1466-1475.

Juhasz G., Hill ].H., Yang Y., Sass M., Baehrecke E.H., Backer ].M. and Neufeld T.P. (2008) The class
III PI(3)K Vps34 promotes autophagy and endocytosis but not TOR signaling in Drosophila. J.
Cell Biol. 181, 655-666.

Berry D.L. and Baehrecke E.H. (2007) Growth arrest and autophagy are required for
programmed salivary gland cell degradation in Drosophila. Cell 131, 1137-1148.

Martin D.N., Balgley B., Dutta S., Chen J., Cranford |., Kantartzis S., Rudnick P., DeVoe D.L., Lee C.
and Baehrecke E.H. (2007) Proteomic analysis of steroid-triggered autophagic programmed cell
death in Drosophila. Cell Death and Differentiation 14, 916-923.

Martin D. and Baehrecke E.H. (2004) Caspases function in autophagic programmed cell death in
Drosophila. Development 131, 275-284.
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Jacques Balthazart and Gregory F. Ball (2009) Presence of aromatase and estrogen receptor
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and B. Shapiro. (2015). Movement of magnetic nanoparticles in brain tissue: neck and isms and
safety. Nanomedicine NMB.

Stein, D. C,, LeVan B., Hardy B., Wang L., Zimmerman L., and W. Song (2015). Expression of
opacity protein interferes with the transmigration of Neisseria gonorrhoeae across polarized
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Chau Huynh, Yuan, X., Miguel, D., Renberg, R., Protchenko, O., Philpott, C., Hamza, I., and
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Arunkumar, N,, C. Liu, H. Hang and W. Song#. 2013. Toll-like receptor agonists induce apoptosis
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K+ transporter AtCHX17 with its hydrophilic C tail localizes to membranes of
secretory/endocytic system: Role in reproduction and seed set. ChanrojS, Padmanaban S,
Czerny DD, Jauh GY, Sze H. Mol Plant. 2013 May 23. [Epub ahead of print]

Shravage, B.*, ].H. Hill*, C.Powers, L.Wu and E.Baehrecke. Atg6 is required for multiple vesicle
trafficking pathways and hematopoiesis in Drosophila. Development 140(6): 1321-9 (2013).
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V. Roy, M. T. Meyer, J. A. I. Smith, S. Gamby, H. O. Sintim, R. Ghodssi, and W. E. Bentley, "AI-2
analogs and antibiotics: a synergistic approach to reduce bacterial biofilms," Applied
Microbiology and Biotechnology, vol. 97, pp. 2627-2638, March 2013.

Bloom, S., Williams, A, and MacLeod, K.M. (2014) Heterogeneous calretinin expression in the
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Otolaryngology 15(4):603-20. doi: 10.1007/s10162-014-0453-0 PMID: 24752525.

Gonzalez, E.A., A. Garg, ].Tang, A.Nazario-Toole, L.P.Wu. A Glutamate Dependent Redox System
in Blood Cells is Integral for Phagocytosis in Drosophila melanogaster. Current Biology,
18;23(22): 2319-24 (2013).

Xiong, Z., LaDana, C., Wu, D., Cao, K. 2013. An inhibitory role of progerin in the gene induction
network of adipocyte differentiation from iPS cells. Aging 5 (4) 288-303.

ChangJ., Clay ].M. and Chang C. (2014) Association of cytochrome bs with ETR1 ethylene
receptor signaling through RTE1 in Arabidopsis. Plant J. 77: 558-567. doi: 10.1111/tpj.12401.
Seely-Fallen, M,, Liu, L., Shapiro, M., Onaboajo, O., palaniyandi, S., Zhu, X., Tan, T., Upadhyaya, A.,
Song, W. 2014. Actin-binding protein 1 links B-cell antigen receptors to negative signaling
pathways. PNAS 111 (27), p9881-9886.

Wu, Chyong-Yi, Hooper, R, Han, K. and Lisa Taneyhill. (2014) Migratory neural crest cell
aNcatenin impacts chick trigeminal ganglia formation. Developmental Biology (Available online
29 May 2014)

Lee, Pei-Chih, Wildt, D.,Comizzoli, P. (2015) Nucleolar translocation of histone deacetylase 2 is
involved in regulation of transcriptional silencing in the cat germinal vesicle. Biol Reprod. 115.
129106

Shah, A and L. Taneyhill. (2015) differential expression pattern of annexin A6 in chick neural
crest and placode cells during cranial gangliogenesis. Gene Expression Patterns. 18:21-28.
Padmanabhan, R,, and L. Taneyhill. (2015). Cadherin-6B undergoes macropinocytosis and
clathrin-mediated endocytosis during cranial neural crest cell EMT. ]. Cell. Sci. 128 (9): 1773-
1786.

Ju C., Van De Poel B., Cooper E. D. Thierer ]. H., Gibbons T. R., Delwiche C. F., Chang C. (2015)
conservation of ethylene as a plant hormone over 450 million years of evolution, Nature Plants
1:14004.

Ketchum, C., Miller H., Song, and Upadhyaya A. 2014. Ligand mobility regulates B cell receptor
clustering and signaling activation. Biophys. J. 106 (1): 26-36.

Zhang H”, Xiong Z$, and Cao K* (2014). Mechanisms controlling the smooth muscle cell death in
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Publications that entailed the use of the DeltaVision (to date):

1.

Renberg R, Yuan X,, Samuel T., Miguel D., Hamza 1., Andrews N., Flannery A. (2015) The heme
transport capacity of LHR1 determines the extent of virulence in Leishmania amazonensis.
PlosOne.
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Outreach Activities During FY15

1.

w

June 28-July 13, 2014: Amy Beaven attended the EMBO course on 3-D Developmental
Imaging at the Instituto Gulbenkian de Ciencia, Oeiras, Portugal.

August 2014: the Leica SP5 X confocal microscope was upgraded with a HyD detector and
time gating technology, and all users were trained to use the new detector.

August 27, 2014: The IC hosted a DeltaVision seminar and training workshop.

2014 Fall Semester: Amy Beaven trained members of the class CBMG688W /BSCI 427,
principles of microscopy, to use the Axiophot microscope, the DeltaVision Deconvolution
microscope and the Leica SP5X confocal microscope.

2014 fall semester: Amy Beaven assisted members of BSCI 415 with the acquisition of
confocal images.

December 2014: The PerkinElmer confocal spinning disk microscope was installed and
users were trained to use the system. Amy Beaven worked with DES to ensure the new lab
in the PSC is a BSL-2 laboratory.

May 6-7, 2015: Amy Beaven attended a two-day training course on the software program
Image-Pro Plus from Media Cybernetics.

May 22-30, 2015: Amy Beaven and Dr. Charles Delwiche imaged Dr. Delwiche’s samples on
the aberration corrected multi-focus microscope (MFM) at Janelia Research Campus,
Howard Hughes Medical Institute.

June 2-5, 2015: Amy Beaven traveled to the Mid-Atlantic Directors of Scientific Cores
conference and attended a two-day preconference workshop on business skills. Travel
funds were obtained through an internal departmental proposal.
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Operating Cost Analysis

At the end of FY15, the Imaging Core account held a balance of XXX.

Table 7: Total Imaging Core Facility Income and Expenses from FY09-FY15

Year Total Income .(including Total Imaging Core Net Balance
subsidies) Expenses

FY2009 $5,090.75 $6,113.25 $-(1,022.50)
FY2010 $68,232.80 $29,563.70 $38,669.10
FY2011 $95,238.48 $55,524.75 $39,713.73
FY2012 $87,277.66 $76,562.12 $10,715.54
FY2013 $55,810.80 $59,672.67 $-(3,861.87)
FY2014 $56,351.50 $59,365.43 $-(3,691.40)
FY2015* $63,153.25 $73,955.45 $-(10,802.20)
Total* $431,987.77 $361,268.42 $70,719.35

*2015 total includes all facility microscopes. Previous totals included the LSM 710 and SP5X only.

Table 8: Cost Breakdown: Leica SP5X

Year Service sy Income Income Income -
Contract Cost (subsidies) Expenses
FY2009 0 $6,113.25 $5,090.75 0| $-(1,022.55)
FY2010 $26,000.00 $2,375.80 $18,362.80 $37,500.00 $27,487.00
FY2011 $36,075.00 $488.25 $24,290.00 $37,500.00 $25,226.75
FY2012 $52,296.00 $2,055.56 $21,882.08 $37,500.00 $5,030.52
FY2013 $37,091.50 $1,886.66 $21,922.00 0| $(-17,057.16)
FY2014 $37,091.50 $359.92 $25,160.55 0| $-(12,290,87)
FY2015 $37,743.00 $51.49 $25,576.25 0| $-(12,218.24)
Total $226,297.00 | $240,283.93 | $142,284.91 | $112,500.00 $14,500.98
Table 9: Cost Breakdown: LSM 710
Year Service sy Income Income Income -
Contract Cost (subsidies) Expenses
FY2009 0 0 0 0 0
FY2010 0 $1,187.90 $12,370.00 0 $11,182.10
FY2011 $17,730.00 $1,231.50 $33,448.00 0 $14,486.50
FY2012 $19,260.00 $2,950.56 $27,895.58 0 $5,685.02
FY2013 $19,260.00 $1433.51 $33,888.80 0 $13,195.29
FY2014 $19,260.00 $359.92 $31,470.75 0 $12,210.75
FY2015 $19,755.00 $51.49 $27,654.50 0 $7,848.01
Total $95,265.00 $7204.88 | $166,727.63 0| $64,607.67
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Table 10: Cost Breakdown: DeltaVision
Year Service sy Income Income Income -
Contract Cost (subsidies) Expenses
FY2014 $0.0 $739.22 $370.50 0 $-(421.72)
FY2015 $16,200.00 $51.49 $6134.50 0| $-(10,096.99)
Total $16,200.00 $16,990.71 $6472.00 0| $-(10,518.71)

Projected Cost Analysis:

If rates, service contract costs and instrument usage remain unchanged, the Imaging Core will lose
$10,802.20 each year (Table 7). However total expenses in FY16 are expected to increase because
the facility is being converted to a BSL-2 facility, which will require the purchase of personal
protective equipment and other materials, such as biohazard containers and bags. If "peak”
confocal rates are increased by $4/hr, peak DeltaVision rates remain the same, and "off-peak" rates
for the confocals and the DeltaVision are decreased by $2/hr, the net loss will decrease from
$7,428.00 to $2,225.00 (Table 11 and 12).

Table 11: Yearly projected Income and Expenses if rates remain unchanged

Projected
Microscope (COE:E;I;”?IZS & Projected Income Income-Expenses
service contracts)
LSM710 $20,755 $28,228 $7473
SP5X $38,743 $29,167 $-(9,576)
DeltaVision $17,200 $11,457 $-(5,743)
Other $500 $918 $418
Total $77,198* $59,770 $-(7,428)

*Total expenses in FY16 are expected to increase because the facility is being converted to a BSL-2
facility, which will require the purchase of personal protective equipment and other materials, such
as biohazard containers and bags.

Table 12: Projected Account Balance Through FY20: If "peak" confocal rates are raised $4 and all

off-peak rates are lowered by $2/hr (Peak rates: $32/hr; Off-peak: $22 /hr)

Projected
Microscope (cof?&iﬁﬁis & Projected Income Income-Expenses
service contracts)

LSM710 $20,755 $30,815 $10,060
SP5X $38,743 $31,521 $-(7,222)
DeltaVision $17,200 $11,719 $-(5,481)
Other $500 $918 $418
Total $77,198 $74,973 $-($2,225)
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Table 13: Example Confocal Rates (updated 2015)

Facility Instrument Hourly rate Additional information
Berkeley Biological Imaging Facility Zeiss LSM 710 $35 | Training is $147.50

Berkeley Biological Imaging Facility Zeiss LSM 510 $29 | Trainingis $147.50

Cornell University Life Sciences Imaging Core Zeiss LSM 710 $35 | Training is $85 per hour
Cornell University Life Sciences Imaging Core Leica SP2 $20

University of Virginia School of Medicine Zeiss LSM 510 $34 | Rate for 25-42 hours per month
University of Virginia School of Medicine Zeiss LSM 510 $38 | Rate for 6-25 hours per month
University of Virginia School of Medicine Zeiss LSM 510 $54 | Rate for 1-5 hours per month
Northwestern University Biological Imaging Leica SP5 $38 | $3increase over last year
Northwestern University Biological Imaging Zeiss LSM 510 $37 | $2increase over last year
Arizona State Imaging Facility Leica SP5 $40

Duke University Light Microscopy Core Leica SP5 $26.50 | Scopes are heavily subsidized
Duke University Light Microscopy Core Zeiss LSM 780 $26.50 | Scopes are heavily subsidized
Ohio State University Olympus FV 1000 $30

Michigan State U Center Advanced Microscopy Zeiss LSM 510 $35

Michigan State U Center Advanced Microscopy Olympus FV 1000 $35

University of Washington Keck Facility Zeiss LSM 510 $42

University of Washington Keck Facility Leica SP2 $42

Oklahoma State University Leica SP2 $30

UNC Chapel Hill Michael Hooker Facility Leica SP2 $39

University of Connecticut Leica SP8 $15

UVA Keck Center Zeiss LSM 510 $35

UVA Keck Center Leica SP5X $35

Oregon State University Zeiss LSM 780 $21 | Peakrate

Oregon State University Zeiss LSM 780 $18 | Off-peak rate

Yale School of Medicine Zeiss LSM 510 $45

Yale School of Medicine Leica SP5 $45

Texas A&M Olympus FV 1000 $41

University of Maryland School of Medicine Zeiss LSM 510 $40 | Training is $200 per user
Colorado State University Zeiss LSM 510 $40

Boise State University Zeiss LSM 510 $43.12

Rockefeller University Leica SP5 $49

Notre Dame Nikon A1 $26

Washington University in St. Louis Nikon A1 $32

Washington University in St. Louis Leica SP2 $32

Florida International University Leica SP2 $19.65

Penn State College of Medicine Leica SP eight $35

Perlman School of Medicine Zeiss LSM 710 $85 | $200 per person training fee
Perlman School of Medicine Leica STED $85 | $200 per person training fee
University of California, Davis Olympus FV 1000 $35

UC Santa Cruz Leica SP5 $25

Indiana University Leica SP5 $17.75

U of Arizona, Env Health Sciences Leica SP2 $32

Oregon Health and Science University Zeiss LSM 780 $39.60

Oregon Health and Science University Olympus FV 1000 $33.00

U of Georgia Biomedical Microscopy Core Zeiss LSM 710 $35

University of Illinois at Chicago Zeiss LSM 510 $35

University of lllinois at Chicago Zeiss LSM 710 $41

UC San Diego Olympus FV 1000 $36

UC San Diego Zeiss LSM 510 $36

Baylor College of Medicine Nikon Al $28

University of Michigan Medical School Zeiss LSM 510 $43

University of Michigan Medical School Leica SP5X $30

Average $36
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Table 14: Example DeltaVision Rates (updated 2015)

Facility Instrument Hourly rate
Berkeley Biological Imaging Facility DeltaVision $40
Northwestern University Biological Imaging DeltaVision $35
Duke University Light Microscopy Core DeltaVision Elite $13.80
University of Washington Keck Facility DeltaVision $84
Rockefeller University DeltaVision $37
Notre Dame DeltaVision $18
Washington University in St. Louis DeltaVision $32
Florida International University DeltaVision $8.49
Penn State College of Medicine DeltaVision $20
Perlman School of Medicine DeltaVision $75
University of California, Davis DeltaVision $35
Indiana University DeltaVision $17.75
U of Arizona, Env Health Sciences DeltaVision $25
Oregon Health and Science University DeltaVision $27.50
U of Georgia Biomedical Microscopy Core DeltaVision $30
University of Arizona Microscopy Alliance DeltaVision $35
University of Arizona Microscopy Alliance DeltaVision $25
University of lllinois at Chicago DeltaVision $25
UC San Diego DeltaVision $28
Baylor College of Medicine DeltaVision $28
University of Michigan Medical School DeltaVision $43
Average $33
Table 16: Example Spinning Disk Rates (updated 2015)
Facility Instrument Hourly rate
Cornell University Life Sciences Imaging Core Andor Spinning Disk $30
Northwestern University Biological Imaging Leica Spinning Disk $37
Duke University Light Microscopy Core Andor Spinning Disk $18.00
University of Connecticut Andor Spinning Disk $15
Rockefeller University PE Spinning Disk $37
Notre Dame Andor Spinning Disk $16
Perlman School of Medicine Olympus Spinning Disk $80
UC San Diego Perkin Elmer Spinning Disk $36
Average $34
Table 17: Example Widefield Fluorescence Microscope Rates (updated 2015)
Facility Instrument Hourly rate
Cornell University Life Sciences Imaging Core Olympus Widefield $15
University of Washington Keck Facility Widefield $26
UVA Keck Center Widefield $15
Average $19
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Proposed Rate Schedule:

A thorough examination of confocal microscope rates at other institutions (Table 13-17) shows that

the facility’s microscopes are priced below average. The average rate for similar confocal

microscopes at 22 institutions was $36/hour, and the average rate for a DeltaVision system was
$33/hr. Due to the projected facility shortfall of $7,428 in FY16, and taking into consideration fees
at other institutions, the following rate schedule is proposed for the 2015-2016 academic year
(Table 19). Peak rates for both confocals will be raised to $32 an hour; the DeltaVision peak rate
will remain the same; all off-peak rates will be lowered to $22 an hour.

Table 18: Current Imaging Core Rates

the College the campus
Zeiss LSM710 Offf)-e}?el;;;liz$82/il/rhr $150/person $40/hr $80/hr
Leica SP5 X Ofl;-e;eka;lizfz/f/rhr $150/person $40/hr $80/hr
peconvolution | _Off-peaks S3ajnr | $150/person $40/hr $30/hr
:}ﬁﬁ&gﬁ; 0 fl;elj’;‘alf 2$82/ f/rhr $150/person $40/hr $80/hr
Flﬁ:i‘;g’?:;ce $2.00/hr $2/hr $2.00/hr $5.00/hr
Zeiss AxioObserver $5.00/hr $25/person $8.00/hr $20.00/hr
Table 19: Proposed Imaging Core Rates
the College the campus
Zeiss LSM710 Offf’_‘*lj‘é:li3$22/;/rhr $150/person $40/hr $80/hr
Leica SP5 X Ofl;-e;eka;li3$22/2h/rhr $150/person $40/hr $80/hr
DeDceci;a\)QISJ?izn 0;;?;;13182/2}1 /rhr $150/person $40/hr $80/hr
;ﬁ;ﬁ&gﬁii 0 fl;elf;‘alf 3$22/;/rhr $150/person $40 /hr $80/hr
Flﬁ:igg?eorfce $2.00/hr $2.00/hr $2.00/hr $5.00/hr
Zeiss AxioObserver $5.00/hr $25/person $8.00/hr $20.00/hr
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