Technology :
building a
bridge for

ODL students

College of Science (CAES & CSET)

UNISA

unheersity
of south africa
LIBRARY



Journal of Visualized Experiments

JoVE, the Journal of Visualized Experiments, is
the world's first peer reviewed scientific video
journal.

Why?

-poor reproducibility
- the time and labour intensive nature of learning new
experimental techniques

Academic/ Peer reviewed:

* All JoVE articles are indexed in subject-relevant
indexing sites, including PubMed/MEDLINE,
SciFinder and Scopus

*Publishing in JOVE allows authors to dynamically
present their methods, data analyses and results
clearly, accurately, and professionally with the
guidance of JoVE's professional videographers and
editors

*JoOVE has published thousands of video articles from
top research institutions around the world.

jove
The world’s first

peer-reviewed scientific
video journal.

\!’ T . J -".“:-_"'*
D e Py

UNISA ==

jowe.com

unheersity
of south africa

LIBRARY

4



How do | access JoVE?
UNISA =

Askus mylUnisa Adjust text size Q, Search

http://WWW.unlsa.ac.zajllbrary Colleges Research Library News & media Contact us

Home > Library

About the Library

Library services

Ask a Librarian
Search library resources

Branch locator

Africa's largest academic library

Qur library boasts over 2.7 million items and supports Unisa staff
and students in teaching and research.

Frequently Asked

Qu;qstiong We subscribe to an increasing number of electronic journals and
electronic books that are available to students and staff online at

Give to the Library any time.

Contact the Library Read mare

Mabile Library (Bus)

last meodified: 201408019

Library services Search the Library e Login to MyLibrary

Branch locator

* Lending senices Enter keywords to search

* Search the catalogue CIle On Flnd

* Find e-resources

* Research support
* Find e-reserves & Recommended e'resources

* Training

* Request a Literature search

* Archival collections

books

=
* Find e-journals

* Unisa Institutional Repository ) .
P v f Ask a Librarian
Announcements
Update: Delayed delivery of requested Library material due to SAPO strike. Read mare E:

e I N1 AT\ | of south africa
LIBRARY



of south adrica

UNISA

About Colleges Research Alumni e edi Contact us

Ask us mylnisa Q, search

Home = Library

About the Library Libra

Library services |

: subject databases: a to z - a (on-campus)
Search library resources

Branch locator

alblc|d|e]|f hliljlk]llm|n]o rls|tjulv]w z
Frequently Asked lalblcldlel|flglhlililkllIm|n|olp|r|s|tiulviw]|y]|z]|

Questions

Supnort the Libra A Education (Australia) . = education partly full-text B
P — informit® Click on J
Contact the Library

Mobile Library (Bus)

. ABlnform Complete == accounting & auditing partly full-text |instruction
I ”’-(l'-'-““ == business & management
== gCOnomics

== project management

ABIINFORM Dateline == accounting & auditing full-text instruction

=» business & management
=3 BCONOMICS

Prc »_(lug&l

ABIINFORM Global =» multi-disciplinary parthy full-text |instruction

ABIINFORM Trade & Industry == accounting & auditing full-text instruction
> business & management
= BCONOMICS

Abstracts in Social Gerontology == psychology bibliographic |instruction
== social work
== sociology

Academic OneFile == multi-disciplinary partly full-text instruction

Academic Search Premier == multi-disciplinary partly full-text |instruction

Access South Africa local, regional and national SA == business & management  [full-text
newspapers =» communication science
== histnne W

UIVIJﬁIﬁm




Home = 1

_

subject databases: a to z - j (on-campus)

lalblcldlelflglhliljlkllImIn]lolplrlsltiulviw]y]|z]|

. JOLIS == decision sciences bibliographic instruction
}wﬁ == development studies

NS =3 BCONOMICS

Journal Citation Reports == multi-disciplinary full-text instruction
JoVE (Journal of Visualized Experiments) == agriculture full-text
== chemistry
. ife sciences
CI|Ck on JOVE physics
JSTOR == multi-disciplinary full-text instruction
Justis Online Legal Library == law full-text instruction
lalblcldlelflalhlililk[lIm|nlolplrls]|tiulviw]|y]|z]

UNISA =

LIBRARY



U INTOA 5. Ask us mylUnisa Adjust text size &, Search

About

Colleges g Alumni i News & medi Contact us

Library

About the Library
Library services

Ask a Librarian

Search library resources
Branch locator

Frequently Asked
Questions

Give to the Library
Contact the Library
Mobile Library (Bus)

last maodified: 2014/02/20

Home = Library > About the Library = Search for Information Resources

Search for information resources

Notice: The e-resources page is undergoing an upgrade. Click here for a preview

There are a number of ways to search for information resources :

Electronic information resources by type

o A -7 list of electronic resources e e-Reference sources e Resources by subject
« Libra e e-MNewspapers e Information resources on trial
@ ources ¢ Digital collections e Guidelines for workstation settings (PDF)
e-Journal Finder e Research support tools
+ Institutional repository

Theses & dissertations

Database licencing and access restrictions on all electronic resources, including course material
The following access restrictions apply :

Access (on-campus and remotely) is restricted to currently registered Unisa students & staff only. You will be required to identify yourself with your
Unisa staff login and network password or Unisa student number and myUnisa password before access will be granted. If permitted by the

individual licence agreement, access to non-registered members of the public (walk-in users) may be allowed in terms of Unisa Library Admissions
Policy Annexure B.

The following basic copyright and usage restrictions apply :

+ ‘You may make only one print or electronic copy of a full-text article for your own research and study - any further copying or distribution of
material is illegal

Databases may only be used for personal study, research, and teaching

ou may not systematically download, print or retain substiantial parts or complete issues of any parts of any database or journal title
Databases may not be copied, sold or used for commercial gain

The use of software, including scripts, agents or robots (such as website crawlers or offine browsers) to systematically download content is
prohibited and may result in loss of access to resources for the entire Unisa community.

+ You may not remaove or alter authors’ names, publishers copyright notices or any other means of proprietary identification as they appear in the

database or journal .,.pr




What does it cover?

jove (o Ell ooocoooeo0o o EIN

JoVE Sections Most Recent Video Articles Most Popular Video Articles

All Multimodal Optical Micrc y Methods

) /p Tissue.
Biology
Neuroscience
= Laboratory Estimation of Met Trophic
Immunology & Infection
Clinical & Translational Medicine

Bioengineering

Applied Physics

Chemistry

Unisa Library haS a Environment ; taz:z;ﬁ:;ﬁ; )l o
. . = = 3 f p
subscription to the i
Environment Module

Science
Education

»
Regulating

Temperature in the
Lab: Preserving
Samples Using Cold

Learn laboratory fundamentals and techniques with
the new Science Education video demonstrations.

An Introduction to the
Centrifuge

Sponsored Articles Editor’s Picks Application Notes m

Bio-Rad Laboratories, Inc.

JoVE Bioengineering

g

Cell Signaling Technology



Editorial Boards Publish Elog elcome. Learn more about access or create an account

jgve QU Separate search tarms with comma: Search 000200 0D0 O

Your search returned 34 resulis. Showing resulis 1-10

JoVE Environment is dedicated to research methodologies that address environmental concerns and seek to
better understand Earth's ecosystem. Special consideration is given to experimental methodologies that
assess society's impact on the environment, suggest solutions for protecting Earth’s resources, and develop
sustainable fuel sources. Moving towards an environmentally conscious planet is a collaborative effort with
© containing Tex contributions from both life and physical scientists.

Refine your search:

© Filter by author or institution

Multimodal Optical Microscopy Methods Reveal Polyp
Tissue Morphology and Structure in Caribbean Reef
Building Corals

© Filter by publication date

From:

Mayandi Sivaguru?, Glenn A. Fried®, Carly A H. Miller*?, Bruce W. Fouke!?22
October, 2006 . :

“In=titute for Genomic Biology, University of lllinois at Urbana-Champaign, *Department of Geology, University of llinois at Urbana

o ~Champaign, *Depariment of Micrebiology, University of llinois at Urbana-Champaign

Today

An integrated suite of imaging techniques has been applied to determine polyp
° Filter by section morphology and tissue structure in the Caribbean corals Montastraeaannuiaris and M
faveolata. Fluorescence, serial block face, and two-photon confocal laser scanning

microscopy have identified lobate structure, polyp walls, and estimated chromatophore

JoVE 51824
O o Neuroscience and zooxanthellae densities and distributions.

Ol Immunology and Published September 5, 2014. Keywords: Environmental Sciences, Serial block face imaging, two-photon flucrescence

Infection microscopy, Moniasiraea annuians, Montasiraea faveoiaia, 2D coral tissue morphology and structure, zooxanthellae,
[] Chnieat and chromatophore, autoflucrescence, light harvesting optimization, environmental change

Translational

Medicine G
[0 (13 Bicengineering Laboratory Estimation of Net Trophic Transfer

Fffimanmioeo nFDCrR Manocdanare tn Talra Trnnt { Calvraline




jpve

.

Search

come. Learm more about ac

Cess

e

create an account

00060PC00D0 IO

@ Multimodal Optical Microscopy Methods Reveal Polyp Tissue Morphology
and Structure in Caribbean Reef Building Corals

Mayandi Sivaguru®, Glenn A_ Fried®, Carly A H. Miller*?, Bruce W._ Fouke'22

nstitute for Genomic Biology, University of lllinois at Urbana-Champaign, *Department of Geology, University of lllinois at Urbana-Champaign,

*Department of Microbiclogy, Umiversity of lllinois at Urbana-Champaign

Article

Downloads

Comments

Metrics

Multimodal Optical Microscopy Methods
Reveal Polyp Tissue Morphology and

Trans=late text to:

Building Corals

Mayandi Si
Carly Miller®

Institute for Genomic Biology,

lenn Fried?,
ce Fouke??

’Department of Geology,

‘Department of Microbiology

Structure in Caribbean Reef

0:05

1:04

6:18

8:55

9:58

Title

Wax Premnfiltration and
Embedding

Imaging Corals Under Two-
photon Fluorescence
Microscopy

3D Volume Rendering and
Visualization of SBFI and
Two-photon Spectral
Fluorescence Data

Results: Two-photon
Fluorescence 30 Images of
Coral Polyps

Conclusion

A intaernrated srnte of imaninn tecrbhnimniee hase hesn annhad f0 defermine aobee rocabalacss A flec e

Related Videos

Highly Resolved
Inraviml Soiped-
illumination...

Published 4/093/2014

Mon-invasive 3D-
Visualization with
Sub-micron...

Published S/27/2008

Label-free i situ
Imaging of...

Published 11/01/2010

Bom Nomnalization
for Fluorescence
Opdcal...

Published 6/02/2000

M hRermemes o= ey = e e

flv|=| o)+

You have full access 1o this
article through University of
South Africa.



‘wepariment o1 Microploiogy, P e

B oo @

Bom Mormalization
for Fluorescence

Optcal...
Published 6/02/2000
Summary
Translate text to:
An integrated suite of imaging techniques has been applied to determine polyp morphology and tissue Choose Language. ..

structure in the Caribbean corals MWontastraeaannulars and M faveolata Fluorescence, senal block face, and
two-photon confocal laser scanning microscopy have identified lobate structure, polyp walls, and estimated

chromatophore and zooxanthellae densities and distributions.
Date Published: 9/05/2014, Issue 91; doi: 10.3791/51824

Keywords: Environmental Sciences, Issue 91, Serial block face imaging, two-photon fluorescence microscopy,
Montastraea annularis, Montastraea faveclata, 30 coral tissue morphology and structure, zooxanthellae,

chromatophore, autofluorescence, light harvesting optimization, environmental change

Cite this Article

Sivaguru, M., Fried, G. A_, Miller, C. A. H_, Fouke, B. W. Multimodal Optical Microscopy Methods Reveal Polyp
Tissue Morphology and Structure in Caribbean Reef Building Corals. J Vis. Exp. (91), 51824,
doi:10.3791/515824 (2014).

Abstract

An integrated suite of imaging techniques has been applied to determine the three-dimensional (30)
morphology and cellular structure of polyp tissues comprising the Caribbean reef building corals
Maortastraeaannularis and M. faveolata These approaches include fluorescence microscopy (FM), serial block

face imaging (SBFI), and two-photon confocal laser scanning microscopy (TPLSM). SBF provides deep tissue
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An Integrated suie of Imaging technigues has bean applied b determine the three-dimensional (20 mophalogy and eslular structure of
poiyp issues comprising the Carlbbean reef buliding corals Montastraeaannularts and L. favealats. These approaches Inciude fuoreseence
microscapy (FM), serial block face Imaging (SBF), and two-photon confocal laser scanning microscopy (TPLSM). SBFI provides deap tissus
Imaging afer physical sactioning; it Satals the tssue SUMaCe tetlre and 30 WisLAIZaton t 155U depihs of More than 2 mm. Complementary
FM and TPLSM yiaid ulra-high rasoiution IMages of issus callular structurs. RsUts have: |1} identied praviously Unrepored lobats besue
meorphalogiss on the outer wall of INVIOUA! £0ral POiYPS and (2] created the st SWT3ce MAps of the 30 diSMOUYON and Y55US denshy of
chmmatophoras and akgas-ike dinofagellate Zooyantnalse endosymblonts. Spectral abeorpton peaks of SO0 AM and 75 nm, respachvely,
suggest that M. annularis and M. favealata contaln similar types of chiorophyll and chromatophores. However, M. annufarss and M, faveciala
axhibl significant difierances In the tisswe densky and 30 dsbibution of theee key c2llular companents. This study focusing on Imaging methods
Indicates that SEF |5 exiramedy useful for analysls of langs mm-scale sampies of decalcified coral tssues. Complimentary FM and TPLSM reveal
sublie submilimeter scale changes In celiular distribution and density In nondecaleled eoral tissus samples. The TPLSM technique affords: (1)
minimally Imasiva sample pregaration, {2} superior opfical sectioning abiliy, and (3) minimal light absortion and seattaring, while stil parmisting
desp tissus Imaging.

Video Link

The wideo component of this aicle can be found at hitp:iwaw.|ove. comividen 51324/

Introduction

|

003l Waming and 3650MParYIng ENVITANMENE! ehangs ane dirsctly MEcting e Nealth and ESTbULON of ropeal Manns corals’™. Mult
Impacts are belng ooserved, cluding coral bieaching and Me emergence of Mfeclious diseases . HOWSVEN MOre accurate prealr:unn of future
coral response o thesa environmental threats wil requine that 3 histological "basedne” be establishad, which defines tissus morphalogy and ceil
COMpOSRion and Mstribution for “apparently heathy” corals. In tum, “Impacted” corals can Men be quantitatively compared. Furthemans, this
baseline should be establlshed for apparerily heafy corals under a vansty of environmental condilons, 50 that ealthy response” can aiso be
gauged across environmenial gradients. As an Inkilal siep foward establlshing this baseline, a high-resciution 30 study has been undertaken of
ow apparently healthy coral polyp tissue morphology and celular composhion responds io Increases In water depth (WD) and accompanying
decreases In sunlight Imadiance. Results can then be used fo 2ctablish 3 more comprenensive mechanistic understanding of coral adaptation, as
well 3s 1o gain Insight Into coral-symalont ewoiution and the enhanczment of gt harvestng.

Stony corals | Scleractinis) are colonial marine Inverteorate animals that play host 1o 3 complex assemblage of oiher microorganisms, collectively
refesed ba a5 the coral halablont - The research undertaken In the present study seeks 1o use a sulte of cuting-edgs Imaging technoiogles

o simuitaneously track changes with Increasing water depth In the tissue pigments and symbiotc zooanthellae of apparently heafthy host
corals. This will esiablsh the raquired eomparative tissue cel "baseine” across a bathymetric gradient for apparently healthy corals and act

5 Indicators of coral healih””. Goral pigments, called Ghromatophares, 3ct 10 abeorb, renect, scalier, react, diMrast, or oiferwise Inerfers

With Incident solar radiaton . The Zooxanthella2-chrematophore angosymbiohs relationship Ras enabied the coavoluton of siral

avantageots Ight-narvesting optmization and SKeietal grow siategles, 35 well 35 rophic plasticity (ShEfing feeding strategies Dack-and-forn
oM autoirephy o RetEmirophy) far the cori animal'.

The southem Carlobaan Island nation of Curagae {farmarty part of the Natherlands Antilies) lles approximately 55 km north of Venezueta within
e east-west trending Aruba-La Blanquila archipelago (Figura 14). The 7 km long southem coast of Curagao contains a connuous modem

and Miocane-Pliocene-Pleistacene-Hokicene anclent fmnging coral reef tract . Mean annual SST on CUNAEa0 Vares approximately 3 *C

Copyright © 2014 Jourmal of Visuallzed Experments September 2014 | 91 | 251624 | Page 1 of 15
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annualty, ranging from a minimum of 26 *C Inlabe January 1o 3 maximum of 29 *C In earty Seplember, with a mean annual temperature of
27.520.5 °C (NOAA 53T Data Sets, 2000-2010). The coral reef at Playa Kalkl [12°22'31.63"N, 62°09°28.62W), 1¥ng Near the nornwesiem

#p of Curagan (Figure 12), was chosen for sampiing because |t has been previously welksiudied and the marine ecosystem at this location

s bathed In fregh nonpoliviad seawater” . Two elosely reialed soieracinian coral species, M. annuwiar's and M. faveciata, were chosen for
experimentation and analysls In this study becauss each species: (1) exhiblts distinelly different and nonoveriapping bathymetnic distributions
an tha reaf fract with respect to the shaff break and the assodiated carbanate sedimentary depastional environments (M. annwars range = 0-12
MWD M. faveolafa range = 10-20 m WO, Figures 1B, 24, and 28]; (2} ks a commen coral reel framework bulkder Mroughout the Canboean
Sea’’; and (3) has wel-studled scological, physiciogical, and evalutionary relationships™.

Fleid samgling for the prasent study was conducted using standard SCUBA. diving technigues offshore of Playa Kalkl on Curagao. A shallow-io-
deap water bathymetric transect was established that ran across the shelf, over the shelf break, and Into te deep water fore reef enviranments.
Apparentyy healthy coral heads wers then identified for sampling along this bathymetrie transect, Including: {1) three Indviguai ~ 1 m diameter
coral NEats of M. annuwians, all of which were at 5 m water depth (WD) and (2) three INdIVIIU3l ~ 1 M dameter coral heads of M. favealara,

all of whilch were at 12 m WD. Phoinsyninetically actve radiation (PAR) was maasured as 33-35% PAR al 5 MWD and 18-22% PAR at 10 m
WD. Sampiing was conducted In January whan the S5T was 25 °C at the water deptis of BOT e 5 m and 12 m. Each of thesa six coral heads
Was samgied In riplicate at eguivalent spatial positons (L2, Bpproximately 457 M I3tHuGe on 2ach of Me sl hamispherieal coral Neads). Each
IngIvigual Sampis consisted of 3 2.5 cm diameter coral HssUe-Ekelaton cORe BIODSY hat was colected with 3 cleanad arch punen. Three coral
#ssue-skeleton bopsies were sampled on standard SCUBA with gioved hands Trom each of the coral heads (3 from M. annulars colonies 3t
5m WD and & from M. faveciatz al 12 m WD), Immediately upon collection at depth, each biopey core sample was placed b1 3 sterle 50 mi
poiypropylens canirfuge tubs, screw-iop sealed, and retumed to e sutace. Tha seawater was decanted from each centrifuge fube and each
«core blopsy was then Immersed, siored, and n &% ¥

SEFI Imaging Nas Previously been parformed on 3 Wide FEnge of bickogical E3Mples, INcluding whole-brain and whole-hear human tssues,
Intact mouse embryos, ebra fish emonyos, and maltiple types of animal samples with Intact bones™. Most of these studies ullized optical
lignt microseapy with elther fluprescence or bright fleld fechniques. However, studies have baen candusted at ulira-high magnificatons using
scarning eleciron serial biock tace Imaging in e past”. In the present study, a modiNed SBFI protocal has been developed for and applied

%0 corals for the first ime. Bacause M. annwan's and M. faveciata coral polyps are 1-2 mm In thickness, none of the routine light micrscogy
techniques would be capable of penetrating the entire thickness of coral palyp issws. Therefore, we have SBFI sample preparation protocol
specically Besigned for cOMl 5IMPISE. In A0HHON, We N3ve CUSHOM da5igned a Stereomicrascope Nolder, which 15 Mmotonzed 1o mave In bon

x and y directions. This apparatus takes Images of ihe biock face of the sample rafer than collecting the sactions using a reguiar microdome In
#ront of thie microscops. We a0 Infroducad anather nonlinear optical two-photon microssopic techniqus ta IMage the Eame ciral poIYRE 301055
e entire thickness of the coral tssues. ThiS OWENcomEs tha IMMatons IMposad by SEFI In ems of decaicication and the possibilty of changes
In tissue momhology and wolume (shiinking) that may be induced by sample preparation (dehydraton) and processing prolcols. Furthermare,
e emission proflles from e corals were spctrally resolved o identity thelr peak emissions and variations t=tween the chrematophores and
e photosyninetc zooxanthellz2, These resulls ware evaluated In the contaxt of the methad wsed and thelr ndividual advantages regarding
acquisttion time, anaiysis ime, and fe abilty to resalve fne structural details without compromising structural Integrity of the coral tissue,

NOTE: Reagents 10 e prepared for Senal Block Face Imaging of Coral Sampies
1. Preinfiltration Wax

1. Melt 3.5 g of STEARIN Niakes I 3 giass Deaker. Mix wel on a hot plate (E0-70 "C).
2. Add &00 mg of Sugdan IV i minimize wax backoround fUorescence). Mix well and wall unill a red transiucent solutian |5 achieved.
3. Add 96 mi hot moltan paramin {100%) and mix wel.

1.2) Embedding Wax

Mielt 7.2 g of STEARIN Niakes In 3 glass beaker and mix wel on 3 hot plate (60-70 "C).
Add 0.5 g of Sudan IV, Mbx well and wait untll a red translucent solution |s 3chieved.

. ADd paramn granwas (152 g) and mix untl paramn meks comglstely.

. Add 30 g of white granular Vybar and meit compistely In the same beaker, once mefed, mix

Loosaly close the giass botie with 2 Bd. Place e glass bolte In 3 60 C convection oven to keeg the Ingredients In 2 liquid state. Cary sut
all Infirations In this oven.

Spilt the total velume of the 200 mi red was In to bwo glass botties of 100 mi each. Use one aliquot for Infitration and the other for final
emEb=Ing.

o fl pa

™

1.3) Embedding Coral Tissuss for Sarlal Block Facs Imaging

1. Wash the coral palyps endected In the fisid {81 Video 1) and stofed (345 Mantne at 45 °C In pariomaidenyss] in phosphate buffersd
sallne {3x 5 min) and decaicily when ready o ba Imaged. Decaiclty he polyps In EXCal solution for 24 hr or untl 35 ihe polyps are totally
devoid of C#C0y. Incubate several decalciled coral polyps as 3 single biock In a 25, 50, 75, and 100% ethanal series, fllowed by 1x xylene
substiLte to dehydrate Me samples.

2. Place Me processed polyps In a preheated £5 "C oven containing 100% xylene substitute. Incubate for 30 min twice by changing to fresh

solution. Crient the polyps In such a way that the top of the polyps faces down and the top surface is as tat as possinle.

Make seutions of 201, 111, and 12 xylens sUbSTILE and preinfitration wax (Step 1.1} In 50 mi Faicon tues.

Incubsate coral palyps wi these three Increasing concentrations of preintitration wax, Tollowesd by 3 Incubation In 100% preinfitration wax

for 30-60 MR each time.

g
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Materials
Hama Company Catalog Humbsr Comments
Coral Tissue Skeleton Marig Nong 2.5 cm Blopsy from natural habétat
Arch Punch Coring Device C.5. Osbome and Company No. 148 For Coral biapsy collection
Paraformakdehyde Eleciron Microscopy Solences RT 15700 16% Pre-gliuted
Histoclearrzaraciear 11 Elecinon MiCoscogy Soences RT 411104 Hon-Toxlc aremats o Xykene,

Dehydration and Deparainization

Aylene and Ethant Flsher Solentiflc Fisner Sdentific Dehydration

Parafin Wax Fachard Allen Sclenitfie Type H REF 8338 IFfifration solution

wybar The Cangie Makar None Compaonant of Red Wax

Stearin The Cangie Makar None Compaonant of Red Wax

Sudan IV Flsher Chemical S667-25 Fied Wax-Opague background

Wheat Germ Aggiutinin (WEA) Lite Technoiogles W32455 For labelng Coral Mucts

Projong Gold Litz Technologles P3E0GS Anti-iade mounting meda

Fluoro Dish Word Precisian Instruments FD-35-100 For bwo-photan Imaging

XY Mator, Driver and Controlier | LIn Engineenng 211-13-01R0, R325, R2Z56-RO X¥ Transiational Movement

Hat Plais Caming DC-220 Miziting all wax

Convection Oven Yamaio DX-E0D Infiiration and Embedding

Tissue Procassor Lekca ASP 300 Dehydration, Inflliration

MicTotome Leka RM20S5 Disposable inffes

Steren Micoscope Ccarl Zeiss Sterealumar V 12 1.5% {30 mm WD) Dbjectve

FuOrescance MICTOECODE WiTh Car Zeiss Axiovert M 200, ApoTome | System | Imaging thin saction of 3 poiyp:

.NIITDI'I'E Zoaxanthellas

Axlocam camera Carl Zeiss MRm Manochrome camera 135301040
plsis

Axlovision Sofwans Car Zeigs Version 4.6 Ir"IZA; acqu iElion [program

Two-Photon Laser Spectraphysics Mealial eHF, pulsed laser (TOfs) | Wim DespSes module

Laser Seanning Microsoaps Carl Zeiss LSM 710 with Speciral Detector | 34 channal PMT detection

Zon Softwars Carl Zeiss 2010 or abowe TU'TI\'D—FHD’.D"I and EFEWE| I'T'BQE
acquisition

Imaris Sailte Softwars Bliplana, Inc., Vierslon 7.0 o above 0 Volume, Iso-surtace Randering,

Wisualization
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