Yeast Vacuole Isolation and Fusion Assay
Nathan Margolis, Wickner Group

PDF version of this document archived at:
http://www faculty.washington.edu/merzal/pdfikj_fusion_6.pdf

This protocol describes the isolation and fuson of vacuoles from yeast. It has been
derived from the origind method as published by Albert Hass:

Methods in Cell Science 17: 283294 (December 1995)
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Section I Yeast Vacuole Isolation

Reagents
e 1IMTrisClpH94
e 1MDTT

* 0.2%YPD (specifically YP with 0.2% dextrose)

* Dextran

* Oxalyticase

e 1M Potassium PhogphaepH 7.5

e 1M PipesKOH pHG6.8

* 4M Sorbitol

* 0% Ficoll /PS Buffer

* 4%Ficoll /PS Buffer

* 8% Ficoll /PS Buffer

¥ 15%Ficoll /PS Buffer

Gear

*  High-Speed Centrifugewith SW41 or 40 Rotor and
*  Low-speed Centrifugewith rotors to handle 500n1) and
e 38ml o&k ridgetubes

* 30iC Waterbath

e Spectrophotometer (Beckman DU-500used here)
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Preculture

On the morning before theisolation, inoaulate 20 ml of YPD in 50 ml culture flasks with
single colony of BJ 3506 and DKY 6281.Grow the cultures at 30jC with shaking at 225
RPM. Towardstheend of the day, the cultures should reach an OD 600 nm of about0.4.
At this pointinoaulate 1 liter of YPD in a2 liter flask with enoughof each culture so that
at a convenient time during the following moming, the cultures will reach an OD 600 of
about0.52-0.65 OD for BJ and 0.60-0.8 for DKY. Note tha the doubing time of the BJ
Strain is abou 110 min. and about 90 min. for the DKY strain. Note: For 15 hours, seed
BJat 1.4 ODml / liter and for DKY use 0.52 ODml / liter. Incubé&e for the appropriate
time at 30jC with shaking at 225RPM.

Vacuole isolation Procedure

Step 1 Harvest the cultures

Harvest the yeast cultures between 0.52-0.65 OD for BJ and 0.6-0.8 for DKY.
Centrifuge the cultures in 500 ml battles at 3,000 x g (5,000 RPM in Beckman JA-10
bottles) for 5 min. at 24jC. Decant the supernaant and add the other haf-liter of culture.
Recentrifugeas before for a maximum of 9000D ml. per tube Calculate the actud total

OD ml for each strain onthe Vacuole Preparation Worksheet (induded).

Step 2 Wash the cultures
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Resuspend the cultures in 50 ml. of Wash Buffer (see Reagent Preparation). Gently
vortex the bottle to resugpend the culture and incubae the bottle in a 30; C waterbath for
10 minutes. Swirl occasiondly. Centrifuge at 3,000xg for 3 min. at 24; C to recover the

cultures. Dump the supenaant.

Step 3 Spheroplasting the yeast by treatment with oxyliticase

Resuspend the yeast pdlet in 15 ml (per liter) of Spheroplasting Buffer (see Reagent
Preparation) with gentle vortexing. Add the appropnate amount of Oxalyticase
Solution (see Vacuole Preparation Worksheet) and swirl to mix. Incubae the tubes at
30;C for 30 min. with occasiond swirling. Prepare the Dextran Solution (See Reagent

Preparation

Step 4 Treatment with Dextran

Centrifuge the spheaoplasted yeast cultures by trangerring the lysate to the pre-chilled
oak ridge tubes with a 25 ml glass pipette. Centrifuge for 2 min. at approx. 1,000 xg
(3,000 RPM for Beckman JA 20) at 4;C. Alternaely, centrifugethe cultures for 2 min.
at 2500 RPM and tum the speed up for an additiond 2 min. at 3,500 RPM Carefully
aspirate ALL of thesup®. Note: the pdlet isloose and cannotbe dedcanted. Resuspend
the pdlet in 2.5 ml of 15% ficoll usng vigorous swirling and aviod making bubhbes.
This can take several minutes. A little of the pdlet will always be recalcitrant, leave it.
Alternaely, vortex the tubes on a low setting for 2 x 15 second intervals. Add the
appropriate amout of Dextran solution (see Vacuole Preparation Worksheet). Incubate
on ice for 2 minutes with occationd swirling. Trandfer the tubes to the 30;C waterbath

and incubae for 3 min. Swirl occasiondly and then putback onice.
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Step 5§ Floating the Vacuoles

The vacuoles are floaed on a four-tiered gradient of ficoll. Begin the gradient by
pipeting up to 6 ml. of the lysate/15% ficoll solution in the bottom of the high-speed
centrifugetube Overlay thislayer with 2.5 ml. of 8% ficoll And then with 2.5-3.0 ml. of
4% ficoll to about1 cm from the rim of the tube Now fill the SW 40 (or SW41) tube
with 0% ficoll (PS Buffer) to within 3 mm of the top of thetube. The volume should be
about 2 ml. Centrifuge the gradients at 175000182000 xg (32,000 for the Beckman
SW41) for 90 minutes at 4;C.

Step 6 Harvesting the Vacuoles

Recover the vacuoles from theinterface of 0% and 4% layers of the gradient with a P200.
Withdraw in 200 ul baches. Place in a Falcon 2063tube or standard 1.5 ul microfugte

tubeonice. Note: avoid diluting the vacuoles at this step.

Step 7 Quantitate the Vacuoles

Quadtitate the vacuoles by standard Bradford assay on 5 ul of the sugpenson. Dilute the
vacuoles to 0.3 mg/ml or aternaely add to the assay as a more concentrated solution in
order to leave more room for inhibitors and other components. The yield of vacuoles
typically ranges from 0.5 to 1.2 ug of vacuole protein for each OD ml of starting cells.

Step 8 Freezing the Vacuoles
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The vacuoles can be frozen for later use. Add glycerol from a 50% glycerol ( in PS
buffer) solution to a find conaentration of 10%  Vacuoles can be frozen at
conecentrations of up to 0.6 mg/ml (highest tested) with the additiond volume beng PS
buffer. Add the vacuoles dropwise to liquid nitrogen to form BB@&Oand store at £80; C.
These vacuole BB@ are conveniently stored in wide mouth Nalgene containers and
handled with small ceramic spoons(Fisher). Vacuoles stored in this way have retained

activity for upto 2 years (maximum tested).
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Section 11 The Fusion Assay

Reagents Gear
10X Salt 27iC Waterbah
ATP Regenerating System 30;C Waterbath
Pure Components Spectrophotometer
Developea Solution
Stop Solution

Procedure

Thefuson reactions are carried outin standad microfugetubes. All tubes and solutions
are kept onice dunng the set-up of theassay. Thefind volume of thereaction is usudly
30 ul however it can range between 28 and 38 ul. Master mixes of various components
are routindy used. Often, the A0X saltOsolution, ATP regenerating system and various
Qoure componentsO are added this way. A 20 X salt solution can aso be used. The
vacuoles are added at a find concentration of 3 ug of each type pe reaction.
Preparations of yeast cytosol and protease inhibitor cocktail as described in the origind
publication are not necessary. Reaction volumes are equdized with PS buffer. Thus a

typical reaction contains

10X Salt 3ul
ATP Regenerating System 3ul
BJ Vacuoles (0.3 mg/ml) 10ul
DKY Vacuoles (0.3 mg/ml) 10ul
Pure components, inhibitors, PS Buffer, etc. 0-12ul
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Thetubes are mixed gently and incubaed in a 27;C waterbath for 90 min. At the end of
the assay, add 470 ul of Developer Solution a timed intervals, vortex gently and
incubae in a 30iC waterbah for 5 min. Next add 500 ul of Stop Solution at timed

intervals, vortex gently and then read the AB 400 nm of the reaction. Findly calculate
the units of fuson activity (see sectionV1 ).
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Section 111 Reagent Preparation

1M Tris-HCI pH 9.4 500ml

605 g Tris-Base ICN819638
Add400ml dH,O

Adjug PH to 9.4 with HCI

Bring to 500 ml. with dH,O

Store at Room Temp.

IM DTT 100ml

1549 DTT SigmaD0632
Dissolved in dH,O and broughtto 100ml
Aliquok at 1 and 3 ml and store at £20;C

0.2% YPD

YPD from Diffco _
Prepared according to manufacturer(@ specs.

1M Pipes-KOH pH 6.8 500 ml

151 grams Pipes Sigma P6757
Add 300ml dH,O
PH with 20M KOH
Note: Addacouple of ml at atime and then dropwise to finish.
Thesolutionwill appear milky until thepH iscloseto 6.8
Bring to 500 ml with dH,O
Note: This stuff can go bad so aliquote at 20 ml and store at -20;C

4M Sorbital 500 ml

3649 Sigma S1876

Add 200ml dH,O and mix with stir rod untl it is a paste.
Heating in amicroware will facilitate this process

Use magndic stirrer until the solutionis clear

Adjud thevolume to 500 ml with dH,O

Store at roomtemp.
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PS Buffer (0%ficoll) 1 liter

Add 1M PipespH 6.8 to 20mM find. 20ml

Add 4M Sorbitol to 200mM find. 50 mi
15% Ficoll 300ml

45 g Pharmacia 17-0400-02

200ml dH,O

Mix with stir rod until it is a paste and then.

Use magndic stirrer to get a clear solution.

Add 1M Pipes-KOH pH 6.8to 10mM find. 3 ml
Add 4M Sorbitol to 200mM find. 15ml

Bring to 300ml find volume with dH,O.

Store at 4iC.

8% Ficoll

Prepare from 0% and 15%ficoll

0% Ficoll 15%Ficoll Total Volume
184 21 394
368 42 788
736 84 157
4% Ficoll
Prepare by mixing equd volume of 8% and 4% ficoll.
Store at 4iC
1M Potassium Phosphate pH 7.5 100ml

1M K,HPO4 1749/100ml dH,O ~80.0 ml
1M KH,PO4 1369/100ml dH,O ~198 ml
Mix topH 7.5

Store at roomtemp.
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Dextran Solution

Pharmacia 17-035001

Prepare by floaing 25 mg of dextran powder on 1.0 ml of PS buffer.
After aboutten minutes, vortex gently into solution. This reagent can
be stored at 4;C for up to onemonth.

Thefollowing buffers and reagents need to be prepared fresh on theday of isolation.

Wash Buffer Prepare 50 ml per liter of cells
Item Volume per 100 ml
AIM Tris-Hcl pH 9.4 10 mi
1M DTT 1.0ml
DH,O 89 ml
Spheroplasting Buffer Prepare 15 ml per liter of cells +1 extra for

making the Oxyliticase solution.

Component | 1.0 liter | 3.0 liter | 5.0 liter | 7.0 liter
1M KPi 0.75 2.25 3.75 5.25
0.2% YPD |12 36 60 84
4M Sorbitol | 2.25 6.75 1125 15.75
King James Protocol Pagell
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Oxylyticase

Severa types and prepaations of oxalyticase have been used successfully in this
protocol. Thefirst three are nolonge available.

1) The origind, and mog expendgve type was made by the former Enzogendics of
Corvallis OR. It was used from 19% to 2001. To use this material, dissolve it in
spheroplasting buffer at 10 mg/ml and add it to cultures of BJat 1.5 mg per OD liter of
cellsandto DKY at 0.8 mg/OD liter of cells.

2) Thesecondtypeis Yeast Lytic Enzyme manufactured by ICN (#360941) and it is
prepared in spheroplasting buffer at a concentration of 50 mg/ml. This method was
used from 2001 to 2003. Add it to cultures of BJ at 70 mg/OD liter and DKY at 35
mg/OD liter.

3) Thethird typeis the second type repurified as per the Oxalyticase Repurification
Protocol contained in section V1. This methodwas used from 20032006

4)  The fourth and current oxayticase is manufactured by Seikagaku Corporation of
Japan and is purchased from Cape Cod Assodates. Zymolyase 20T (Cat # 12081) is
repurified exactly as oxdyticase type 3.
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Reagents for the Fusion Assay

10X Salt
[Reaction] [Final] Item [Stock] Volume / 100 ml
125mM 1.25M KCL 3M 417 ml
5mM 50 mM MgCl, 1M 0.5 ml
20mM 20mM Pipes-KOH pH 6.8 1M 200ul
200mM 200mM Sorbitol 4 M 500ul

ATP Regenerating System

Mix thefollowingonicein a50ml Falcontube
8 ml ddi water
200ul 1M Pipes-KOH pH 6.8
500ul 4M Sorbitol
100ul 1M MgdCl,

Step 1) In Falcon 2059tubes weigh out separately:
60 mg ATP
100 mg creatin kinase
0.95 creatin phogae

Step 2) Dissolve each component separately in 1, 2, and 3 ml respectively of above
buffer keepin al tubes onice.

Step 3) Add solutionsto theremainde of the abovebuffer in thefolowing order:
Kinase, phogphaase and findly the ATP

Step 4) Check thepH. Itisusudly about 6.0 and should be adjuged to pH 6.8 usng
approx. 140ul off 1M KOH
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Step 5) Rinse the 2059tubes with 900ul of ddi water and add to the ATP solution to
bring thefind volumeto 10 ml.

Step 6) Aliquote into 100 ul aliquotes on an ice block usng a repeat pipeter but
only filling the pipetter 25%. Freeze aliquaesin liquid N, and store at

-80iC.

Developer Solution (bulk solution) Vol. Per 100ml
IM TrissHCL pH 8.5 250 ml
1M Mgdl, 1.0 ml
20%Triton-X 100 20 mi
H,O 710 ml

Jugst before use complete the Develope solution by adding 100 ul of 100 mM P-
Nitrophenol to 10 ml of the Developea Solution. 100mM P-Nitrophenol (Sigma N-3254)
in H,O is prepared in advance, aliquoted and stored at £20;C.

Stop Solution

1M GlycineKOH pH 115
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Section IV Pure Components

Secl8

LMA1

Vam/

Calmodulin

Coenzyme A 600uM stock. Use 0.5 ul per 30 ul reaction

HMA

King James Protocol Page 15
Vacuole Isolation and Fuson Januay 2006



Section V

Pre-Cultures:

Vacuole Isolation Worksheet

Start Time___:  an/pm (for 16 hous)

BJ3505(112min/doubing) DKY 6281(89min/doubing)

BJ: ODgy =
DKY: ODgyy, =

Harvest:
BJ: ODgy =
DKY: ODgy, =

Oxalvticase Solution:
BJ:
DKY:

Dextran Solution:
BJ:
DKY:

Vacuole Yield:

BJ: conentration =

DKY: concentration =

King James Protocol

Need 0.72 OD*ml per liter of YPD
Need 0.19 OD*ml per liter of YPD

Time . an/pm
X ml = OD*ml
X ml = O*ml

(ICN lyticase repurified)
O*ml x 0.71ul / ODml oxalyticase = rh
@*ml x 0.51ul/ODml oxdyticase = rh

(25nmg/ml solutionin 0% Ficoll / PS)
O*ml x 0.19ul /OD ml
@*ml x 0.09ul/OD mi

ugll x ul = ug Total; or ug/ OD*ml
ugiul x ul = ug Total; or ug/ OD*ml
Page 16
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Section VI

Fusion Unit Calculations

1 Unit of Fuson Activity is the amountneeded to produe AB400nmequd to 1 uMol of
pNitrophenol (pNP) in 1.0 min. from 1 ug of vacuole protein. This definition has been
changed and nowis per 1InM of pNP. ThusE

1 Unit=1 nM pNP/ min/ ugvacuole

We have created a standad curve of pNP concentrations and measured thar AB400mm.
This curve can be used to convat AB400nmto Units of Vacuole Fuson.

Reagents
PS Buffer
pNitrophenol (Sigma#1048)
Developea Solution
Stop Solution
Proceed
1)  Make pNP stock solution. 1Mol pNP = 1399, 50 uMols = 6.95 mg
Dissolvein 1.0 ml of H,O.
2)  Dilute 1:10with PS buffer. Now we have5 uMolsin 1.0 ml. whichis
also 0.15uMolsin 30ul. Usethisasserial dilution#1. make serial
dilutions(1:2) of 50 ul upto #8.
3) Add30ul of each dilutionto tubes 1-8
4)  Add470ul of develope solution
5)  Add500ul of stop solution
6) Read AB400nm
7)  PlotOD vsuMol pNP

King James Protocol
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nMols pNP AB 400 nm

0.0 0

2. .049
4.6 .087
9.0 175

18 337

37 .601

75 1.0

AB 400 =y =0.042533 + 13.491 X R =0.99347

y-.042533
= X = nMols pNP

13.5

1 unit of Fuson=1 nMol pNP/ ug Vacuole Protein / minute

thefuson assay uses 3 ug o Vacuoles and developsfor 5 minutes soE.
dividethe number of nMols by 15to get Units of vacuole fuson.

ie. an AB4000of 0.330d=0.021nMolsg/15 = 1.4 units
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