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SUMMARY 19 

Here, we present a protocol to effectively and specifically deplete a protein of interest in the 20 

yeast Saccharomyces cerevisiae using the β-est AID system. 21 

 22 

ABSTRACT 23 

The plant auxin binding receptor, TIR1, recognizes proteins containing a specific auxin-24 

inducible degron (AID) motif in the presence of auxin, targeting them for degradation. This 25 

system is exploited in many non-plant eukaryotes, such that a target protein, tagged with the 26 

AID motif, is degraded upon auxin addition. The level of TIR1 expression is critical; excessive 27 

expression leads to degradation of the AID-tagged protein even in the absence of auxin, 28 

whereas low expression leads to slow depletion. A β-estradiol-inducible AID system was 29 

created, with expression of TIR1 under the control of a β-estradiol inducible promoter. The 30 

level of TIR1 is tunable by changing the time of incubation with β-estradiol before auxin 31 

addition. This protocol describes how to rapidly deplete a target protein using the AID system. 32 

The appropriate β-estradiol incubation time depends on the abundance of the target protein. 33 

Therefore, efficient depletion depends on optimal timing that also minimizes auxin-34 

independent depletion. 35 

 36 

INTRODUCTION 37 

Conditional mutations, such as temperature-sensitive mutants, are a powerful tool for the 38 

study of essential proteins, allowing cell growth under the permissive condition but causing 39 

loss of function under non-permissive conditions. However, cell metabolism can be seriously 40 

perturbed by the change in growth conditions required to induce the defect and may also 41 

create off-target effects. Several methods have been developed, in which the protein of 42 

interest is conditionally sequestered1 or its expression is controlled2,3 by addition of a small 43 

molecule. This protocol uses auxin and the auxin-inducible degron (AID) system to efficiently 44 

deplete a target protein. 45 

 46 
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The AID system has its origin in plants, where an auxin (in this protocol indole-3-acetic acid 47 

(IAA) is used), stimulates interaction of the Aux/IAA protein with TIR1, a member of the SCF 48 

U3 ubiquitin ligase complex4. SCF complex interaction causes polyubiquitination of Aux/IAA 49 

family proteins, which results in their degradation by the proteasome5,6. 50 

 51 

This system was previously adapted for use in the yeast Saccharomyces cerevisiae7,8 by 52 

expressing the  TIR1 protein from Oriza sativa (osTIR) in yeast cells,  where it is able to interact 53 

with the endogenous yeast SCF complex. The protein of interest was tagged with a motif from 54 

the Aux/IAA protein IAA17 to target it for degradation. Functional truncations of IAA17 were 55 

developed later, such as AID* 8-10, containing the 43 amino acid auxin-sensitive motif from 56 

Arabidopsis thaliana IAA17, along with an epitope tag to enable detection .  57 

 58 

The system initially adapted for use in budding yeast7,8 expressed the osTIR1 protein from a 59 

yeast GAL promoter. Expression requires shifting to growth medium with galactose as the 60 

sole carbon source, which, unfortunately, results in a diauxic shift with wide-ranging changes 61 

to cell metabolism11. On the other hand, it has been reported that constitutive expression of 62 

TIR1 can lead to degradation of the target protein in the absence of auxin/IAA12 if the 63 

expression level is high, whereas low TIR1 expression causes inefficient depletion. An 64 

improved AID system named β-est AID was developed in which the osTIR is under the control 65 

of an inducible promoter that is tunable to suit the target protein, with minimal effect on cell 66 

metabolism. To achieve this, an artificial transcription factor (ATF) was constructed in which 67 

the VP16 viral transcription activator is fused to an oestrogen receptor and a four Zn fingers 68 

DNA binding domain (DBD). When β-estradiol (an oestrogen) is present, the ATF can enter 69 

the nucleus and induce osTIR transcription by binding to its promoter (Z4EVpr)13,12 . 70 

 71 

osTIR expression is usually detectable about 20 min after addition of β-estradiol12. However, 72 

the optimal duration of osTIR expression to achieve efficient depletion of the tagged protein 73 

with auxin, while avoiding depletion before auxin addition, needs to be empirically 74 

determined for each target protein. An approximate time for this pre-incubation can be 75 

estimated from abundance values in the Saccharomyces Genome Database (SGD 76 

https://www.yeastgenome.org/). As can be seen in Figure 1, the abundant protein, Dcp1 77 

(2880 to 4189 molecules/cell), requires 40 min of pre-incubation with β-estradiol, with no 78 

auxin-independent depletion observed. The much less abundant protein, Prp2 (172 to 211 79 

molecules/cell), is strongly depleted after only 20 min of pre-incubation. It is advisable to test 80 

two additional pre-incubation times, 10 to 20 min before or after this initial estimated time 81 

(20 min is the minimum time that is recommended). The optimum pre-incubation time is the 82 

time at which target protein has not depleted before adding auxin and once auxin is added 83 

the depletion is acceptable or protein levels approach the minimum possible. So, from Figure 84 

1b, for Prp22 with 30 min of pre-incubation, the levels have not declined much 10 min after 85 

auxin addition. Comparing this with 40 min of pre-incubation and 15 min with IAA, where 86 

there is little additional depletion, there is no benefit in incubating with auxin longer than 10 87 

min or pre-incubating for longer than 30 min, particularly as there is evidence of non-auxin 88 

dependent depletion at 40 min. For Dcp1 with 40 min of pre-incubation (the last point at 89 

which the protein level is approximately 100% before auxin addition), 15 to 20 min of 90 

depletion with auxin is acceptable. It is recommended to keep the depletion time as short as 91 

possible to reduce secondary effects on cell metabolism14. 92 

https://www.yeastgenome.org/
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This article demonstrates how to use the β-est AID system by optimizing the timing of β-93 

estradiol incubation for osTIR expression to achieve rapid target protein depletion upon IAA 94 

addition without depletion before adding auxin. 95 

 96 

PROTOCOL: 97 

 98 

NOTE: See Figure 2 for a graphical summary. 99 

 100 

1. Strain preparation 101 

 102 

1.1. Using a ura3-strain, introduce the β-est AID system (i.e., genes encoding the β-103 

estradiol responsive transcription factor (ATF) and the osTIR) and AID* tag the target protein 104 

(see Figure 3 and Table 1 for a summary of the procedure).  105 

 106 

1.1.1. Transform15 either pZTRK (G418 resistance marker) or pZTRL (LEU2 marker) plasmid 107 

(available from the Yeast Genetic Resource Centre) into the ura3- yeast strain or use the 108 

plasmid as a template to produce the PCR product for genomic integration. 109 

 110 

1.1.2. PCR amplify the ATF (marked Z4EVATF on the plasmid map) and osTIR using a high 111 

fidelity polymerase from either of the plasmids pZTRK or pZTRL. Use primers with 50 to 60 112 

base 3’ extensions with homology to the genomic region, to direct integration by homologous 113 

recombination16. For genomic integration of the two components either separately or 114 

together, see Table 1 for primers and conditions. 115 

 116 

NOTE: The strain pZ4EV-NTR1 has the components already integrated in the genome 117 

(available from the Yeast Genetic Resource Centre, Japan). 118 

 119 

1.1.3. Ensure that the target protein is AID* tagged using the Longtine procedure17 (see 120 

Figure 3b and Table 1). 121 

 122 

1.1.4. Perform a growth analysis on the strain without β-estradiol and IAA present to 123 

determine if the AID* tag affects growth and to predict growth rate for use at step 1.5. 124 

 125 

2. General procedure for depletion 126 

 127 

2.1. Calculate how much culture is required for all samples to be collected; for example, 128 

10 mL of culture at OD600 of 0.8 is sufficient for protein, RNA and DNA extraction for a single 129 

sample, so for 6 samples, at least 60 mL of culture is needed. 130 

 131 

2.2.  From an overnight culture, set up sufficient new culture at OD600 0.1 to 0.2 and leave 132 

to grow at 30 °C. A rich medium such as YPDA is recommended, although other growth 133 

conditions can be used: 134 

Yeast Extract    10 g 135 

Peptone    20 g 136 

Glucose    20 g 137 

Adenine sulphate   40 mg 138 

H2O to      1 L 139 
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 140 

NOTE: Autoclave or filter sterilize; filter sterilization is preferred as peptide/sugar complexes 141 

produced by autoclaving precipitate in the methanol used in sample collection. 142 

 143 

2.3. Prepare to receive the samples.  144 

 145 

2.3.1. Put 30 to 50% of the intended sample volume of methanol into a tube.  For example, 146 

if a 10 mL sample is to be taken, put 5 mL of methanol into a 15 mL falcon tube and close the 147 

tube tightly. Once closed, label the tube and put on dry ice or at -80 °C to chill. 148 

 149 

CAUTION: Dispense the methanol in a fume hood. 150 

 151 

2.3.2. Label 1.5 mL tubes for long term storage of the samples and place in ice to cool. 152 

 153 

2.3.3. Cool enough H2O (at least 1 mL per sample) on ice. 154 

 155 

2.4. Anticipate the culture’s growth. The target OD for collecting the samples is 156 

approximately 0.7 to 0.8, but the pre-incubation step (the incubation with β-estradiol to 157 

induce the osTIR), needs to be started earlier so that the culture will reach approximately the 158 

right OD by the time the samples are collected.  159 

 160 

NOTE: It is advisable to perform a growth curve in the conditions to be used in the experiment 161 

so that this starting OD can be estimated. 162 

 163 

2.5. Once the target OD for the start of the pre-incubation has been reached, take a sample 164 

(usually 10 mL), into the pre-prepared tube containing cold methanol. Invert briefly to mix 165 

and place back in dry ice.   166 

 167 

NOTE: The sample can be moved to water ice after about 5 min, if convenient to do so. 168 

 169 

2.6. Immediately add the β-estradiol, 1 µL/mL of culture (final concentration of 10 µM); 170 

have the β-estradiol pre-measured in a pipette ready for use in order to reduce the time taken 171 

between collecting the sample and adding the β-estradiol. Rapidly mix by swirling vigorously. 172 

 173 

2.7. Continue to grow the culture as before (step 2.2), incubate (this is the “pre-174 

incubation” step) with β-estradiol for the optimal time (for determination of the optimal pre-175 

incubation time see Figure 1). 176 

 177 

2.8. Prepare to add IAA (auxin). Take up the volume of IAA needed for step 2.10 (i.e., 0.5 178 

µL of IAA per mL of culture). This makes step 2.20 faster. 179 

 180 

2.9. Collect a sample as step 2.5. 181 

 182 

2.10. Immediately add IAA 0.5 µL/mL of culture to a final concentration of 750 µM as 183 

prepared in step 2.8. Rapidly mix by swirling vigorously. 184 

 185 
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2.11. Collect samples, as step 2.5, according to your experimental design. Either a single 186 

sample, at a time when it is expected that the protein will be reliably depleted, or multiple 187 

samples in a time course of depletion. For example, 5 min intervals are convenient for timing 188 

and provide a range of protein levels. The optimization strategy, as shown in Figure 1, will 189 

give an indication of suitable times.  190 

 191 

2.12. Process the samples. 192 

 193 

2.12.1. Place the samples on ice, if not done already. Ensure that none of the samples has 194 

frozen; if they have, gently warm in the hand, inverting constantly so the temperature does 195 

not rise locally.  196 

 197 

NOTE: This is best done in the hand as the sample’s temperature can be assessed, it should 198 

always feel cold. Place on ice. This is not a pause point - once all the samples are fluid, proceed 199 

to the next step. 200 

 201 

2.12.2. Once all samples have been collected and are no longer frozen, spin at 3,500 x g for 2 202 

min (at 4 °C if possible). 203 

 204 

2.12.3. Pour off the methanol/medium mix and place back on ice; do not worry if not all the 205 

liquid has been removed.  206 

 207 

2.12.4. Resuspend the cell pellet in 1 mL of ice cold H2O (from 2.3.3) and transfer to a labelled 208 

1.5 mL tube (prepared in step 2.3.2) on ice. 209 

 210 

2.12.5. Spin briefly (e.g., 10 s total time) at >15,000 x g to re-pellet the cells, place back on ice 211 

and remove the liquid. 212 

 213 

2.12.6. Remove the H2O by aspiration. The cell pellets can be stored at -20 °C, or -80 °C for 214 

long term storage. 215 

 216 

2.13. Check the level to which the protein has been depleted by Western blot analysis18. 217 

 218 

NOTE: Sufficient protein19 and/or nucleic acid can be extracted from a single cell pellet for 219 

most purposes, although rare RNA species might require more sample volume.  220 

 221 

REPRESENTATIVE RESULTS 222 

Representative examples of depletion are displayed in Figure 1. The three experiments 223 

presented in this figure were optimization experiments for depletion of the proteins Prp2, 224 

Prp22 and Dcp1. The low abundance, spliceosomal Prp2 and Prp22 proteins both depleted to 225 

less than 20% after 40 min pre-incubation with β-estradiol followed by 15 min with auxin. In 226 

comparison, the more abundant Dcp1 was only depleted to approximately 30% with the same 227 

treatment, but 60 min of pre-incubation resulted in depletion to 13% with the same auxin 228 

treatment, at the cost of depletion before the auxin is added. It is possible that 50 min of pre-229 

incubation with β-estradiol and 15 min with auxin would have achieved similar results at a 230 

shorter time point and so would have been more optimal.  231 

 232 
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FIGURE LEGENDS 233 

Figure 1. Depletion rate can be tuned by modulating the duration of β‐estradiol pre‐234 

incubation. Western blot18 of target proteins: (a and b) Prp22‐AID*‐6FLAG, (c and d) Prp2‐235 

AID*‐6FLAG, and (e and f) Dcp1‐AID*‐6HA, from cultures pre-incubated with β‐estradiol (β‐236 

est) for 20, 30, 40, or 60 min prior to auxin addition12. Equal amounts of total protein were 237 

loaded in each lane. Pgk1 is detected as a visual loading control, except for panel e, where 238 

Pgk1 and Dcp1 co-migrate. Quantification of protein bands in panels a, c and e are shown in 239 

panels b, d, and f, respectively. As a measure of depletion rate, the slope (m) was calculated 240 

for the linear section (from 100% to 30% of initial values) of each curve. The optimal pre-241 

incubation time is the time at which the protein levels are still close to the un-induced levels 242 

(100%) and the subsequent rate of depletion is fast. For Dcp1 (f), 60 min of pre-incubation is 243 

too long, as the protein has begun to degrade in the absence of auxin, whereas 20 min is too 244 

short, as the protein does not appreciably deplete in this time course. After 40 min pre-245 

incubation, 15 min with auxin can be used as the protein is approximately 70% depleted and, 246 

although 20 min would result in further depletion, it could also result in secondary effects. 247 

Error bars represent standard deviation of two biological replicates. For each experiment, one 248 

representative blot is shown. This figure is derived from previous publication9. 249 

 250 

Figure 2. Graphical summary. Add β-estradiol to sufficient culture growing in rich medium 251 

and at the required temperature in order to start pre-incubation. Continue growth for the 252 

required pre-incubation time before adding IAA (auxin) to start depletion. The pre-incubation 253 

and depletion times depend on the protein to be depleted, but pre-incubation is often in the 254 

range of 20-60 min and the depletion time is typically in the order of 10 to 20 min. 10 mL 255 

samples should be taken at the start and end of pre-incubation and during the depletion. 256 

These samples are rapidly fixed in cold methanol before pelleting and storage. 257 

 258 

Figure 3.  Strain generation for the B-est system. (a) To generate a yeast strain with the AID* 259 

system, either the pZTRL (LEU2) or the pZTRK (kanamycin (G418) resistance), plasmid should 260 

be introduced into the strain or, alternatively, the ATF and osTIR can be inserted into the 261 

genome by homologous recombination of a fragment generated by PCR from 3’end  primers 262 

(see Figure 3b and Table 1). (b) C-terminal tagging of the target protein is achieved by PCR 263 

amplification of the appropriate region of the plasmid pURA3-AID*-6FLAG (pURA3_AID*-6HA 264 

differs only in the tag and can be treated in exactly the same way), using Longtine primers S3-265 

F and S2-R with 3’ extensions homologous to the 3’ end of the target protein. The forward 266 

primer extension should include the last amino acid codon in frame with the start of the AID* 267 

tag and must not include the stop codon. The reverse primer extension should be to a region 268 

downstream of the coding region. Once inserted into the genome, cells that have lost the 269 

URA3 marker (by homologous recombination between the identical regions found at both 270 

ends of the marker) can be selected by growth with 5-FOA, that counter-selects URA3 cells. 271 

 272 

Table 1. Primer sequences, PCR mix and PCR conditions. 273 

 274 

DISCUSSION 275 

A well optimized protocol can produce rapid and efficient depletion of the target protein. 276 

Determining the approximate pre-incubation time with β-estradiol is important, as this 277 

increases reproducibility of the depletion, but small variations in pre-incubation time can be 278 
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tolerated. On the other hand, care must be taken with timing after auxin addition, as the 279 

protein level declines very rapidly. 280 

 281 

An advantage of this approach is that tuned depletion can be achieved by varying 282 

combinations of pre-incubation time with β-estradiol and IAA incubation time. For example, 283 

if desired, the target protein can be more slowly depleted by reducing the pre-incubation 284 

time.   285 

 286 

The β-est AID system offers certain advantages over systems where OsTIR is constitutively 287 

expressed. For example, if the target protein is essential for viability, regulated expression of 288 

osTIR can avoid premature depletion of the target protein. Moreover, expression of osTIR can 289 

be tuned to suit the abundance of the target protein and its susceptibility to degradation, and 290 

the depletion can be either fast or slow. The two small molecule effectors, β-estradiol and 291 

auxin, do not perturb the yeast metabolism under the conditions used here, unlike rapamycin, 292 

used in the anchor-away system1. 293 

 294 

It should be noted that tagging some proteins disrupts their function, which is a problem with 295 

any targeted depletion system. In this case, an N-terminal tag may work when a C-terminal 296 

tag does not. Also, not all proteins will be depleted efficiently; for example, the AID-tag on 297 

the target protein may be inaccessible to the osTIR protein. Therefore, after AID-tagging, each 298 

target protein should be tested for any effect of the tag on growth, and to determine whether 299 

depletion is effective, before the timings of β-estradiol pre-incubation and auxin treatment 300 

are optimized. 301 

 302 

This AID* system is very simple and is compatible with any subsequent experimental 303 

procedure that does not involve further growth, such as protein, DNA or RNA analysis or 304 

microscopy. In addition, the system works well when combined with thiolabelling to purify 305 

nascent RNA20. 306 

 307 

This system provides a rapid, specific, and reproducible means of depleting a protein without 308 

otherwise affecting the metabolism of the yeast cell. 309 

 310 
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Table 1
a. Primer Sequences

Target Location Primer Name Sequence

Tm 

(oC)

516 F pZTRL_F <-region of homology->GCGACAGCATCACCGACTTCG 61.23

7897 R pZTR_R CGCCGCCTCTACCTTGCAGA<-region of homology (RC)-> 61.30

9154 F pZTRK_F <-region of homology->ACGTTGAGCCATTAGTATCAATTTGCTTACC 59.40

5897 R pZTR_R CGCCGCCTCTACCTTGCAGA<-region of homology (RC)-> 61.30

F S3-F <-region of homology->CGTACGCTGCAGGTCGAC 59.21

R S2-R ATCGATGAATTCGAGCTCG<-region of homology (RC)-> 52.76

b. PCR Mix
Volume 

(µl)

<10

100

2.5

2.5

10

to 500

* The NEB Phusion GC Buffer ( 5 X) can also be used but is not preferred

Make this mix, split into 10 tubes of 50 µl mix each and perform the PCR as Table 1 c.

Check the PCR has worked by running on an agarose gel

Combine all successful reactions into one tube and ethanol precipitate

Transform the yeast with all the material produced by the PCR

c. PCR Conditions
Temp 

(°C) Time

98 30 s

Denature 98 10 s

Anneal 45 - 60 20 s

Extension 72 30 s/kb

72 10 min

8

Anneal at 45°C for the Lontine primer set (S3-F and S2-R) and 60 °C for the pZTRL/K primers

Extend for 3 minutes for the Lontine PCR and 3 minutes for pZTRL/K

Region homologous to the flanking regions where the system is to be inserted, remember 

to use the reverse complement. As above, the longer this region is the better.

Region homologous to the flanking regions where the system is to be inserted. The longer 

this region is the more likely the modification is to be successful; 50 - 100 bases is 

recommended.

pURA3-AID*-6FLAG 

or pURA3_AID*-6HA

Final Extension

NEB Phusion HF Buffer ( 5 X)*

Forward Primer 100 µM

Reverse Primer  100 µM

dNTPs 10 mM each

H2O

pURA3-AID*-6FLAG/6HA to amplify the AID* and epitope tag to tag the target protein (Lontine procedure)

pZRTL/K is to amplify the β-est AID system 

Tm using the %GC method with 50 mM NaCl

<-region of homology (RC)->

<-region of homology->

Tm (oC)

pZTRL

pZTRK

Hold

Initial Denaturation

Step

Component
Template

25-35 Cycles

Table 1 PCR Click here to access/download;Table;Table 1.xlsx
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Name of Material/ Equipment Company Catalog Number Comments/Description

Adenine sulphate Formedium DOC0230

Agar Formedium AGA03

Β-estradiol Sigma Aldrich E2758-1G
10mM solution in ethanol. 

Store at -20 oC

DMSO Alfa Aesar 42780
DMSO should be solid at 4 
oC

Glucose
Fisher 

Scientific 
G/0500/60

IAA 1H-Indole-3-acetic acid
Across 

Orgainics
122150100

Auxin analogue. 1.5 M in 

DMSO. The solution will 

be a russet colour and 

darken as time goes on; a 

deep red solution should 

be discarded and a new 

one made. Store at -20 oC.

Methanol
Fisher 

Scientific
M/4000/PC17

CAUTION Toxic and 

flammable
Phusion High-Fidelity DNA 

Polymerase
NEB M0530

Peptone Formedium PEP03

SCSM single drop-out –ura Formedium DSCS101

Yeast Extract Formedium YEA03
Yeast nitrogen base without 

amino acids  with amonium 

sulphate

Formedium CYN0410
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Title of Article:  
 
Author(s):  
 
 
Item 1: The Author elects to have the Materials be made available (as described at 
http://www.jove.com/publish) via: 

 Standard Access   Open Access
 
Item 2: Please select one of the following items: 

 The Author is NOT a United States government employee. 

 The Author is a United States government employee and the Materials were prepared in the 
course of his or her duties as a United States government employee. 

 The Author is a United States government employee but the Materials were NOT prepared in the 
course of his or her duties as a United States government employee. 

 
ARTICLE AND VIDEO LICENSE AGREEMENT 

 
1. Defined Terms. As used in this Article and Video 
License Agreement, the following terms shall have the 
following meanings: "Agreement" means this Article and 
Video License Agreement; "Article" means the article 
specified on the last page of this Agreement, including any 
associated materials such as texts, figures, tables, artwork, 
abstracts, or summaries contained therein; "Author" 
means the author who is a signatory to this Agreement; 
"Collective Work" means a work, such as a periodical issue, 
anthology or encyclopedia, in which the Materials in their 
entirety in unmodified form, along with a number of other 
contributions, constituting separate and independent 
works in themselves, are assembled into a collective whole; 
"CRC License" means the Creative Commons Attribution 3.0 
Agreement (also known as CC-BY), the terms and conditions 
of which can be found at: 
http://creativecommons.org/licenses/by/3.0/us/legalcode
; "Derivative Work" means a work based upon the 
Materials or upon the Materials and other pre-existing 
works, such as a translation, musical arrangement, 
dramatization, fictionalization, motion picture version, 
sound recording, art reproduction, abridgment, 
condensation, or any other form in which the Materials may 
be recast, transformed, or adapted; "Institution" means the 
institution, listed on the last page of this Agreement, by 
which the Author was employed at the time of the creation 
of the Materials; "JoVE" means MyJove Corporation, a 
Massachusetts corporation and the publisher of The Journal 
of Visualized Experiments; "Materials" means the Article 
and / or the Video; "Parties" means the Author and JoVE; 
"Video" means any video(s) made by the Author, alone or 
in conjunction with any other parties, or by JoVE or its 
affiliates or agents, individually or in collaboration with the 
Author or any other parties, incorporating all or any portion 

of the Article, and in which the Author may or may not 
appear.  
2. Background. The Author, who is the author of the 
Article, in order to ensure the dissemination and protection 
of the Article, desires to have the JoVE publish the Article 
and create and transmit videos based on the Article. In 
furtherance of such goals, the Parties desire to memorialize 
in this Agreement the respective rights of each Party in and 
to the Article and the Video. 
3. Grant of Rights in Article. In consideration of JoVE 
agreeing to publish the Article, the Author hereby grants to 
JoVE, subject to Sections 4 and 7 below, the exclusive, 
royalty-free, perpetual (for the full term of copyright in the 
Article, including any extensions thereto) license (a) to 
publish, reproduce, distribute, display and store the Article 
in all forms, formats and media whether now known or 
hereafter developed (including without limitation in print, 
digital and electronic form) throughout the world, (b) to 
translate the Article into other languages, create 
adaptations, summaries or extracts of the Article or other 
Derivative Works (including, without limitation, the Video) 
or Collective Works based on all or any portion of the Article 
and exercise all of the rights set forth in (a) above in such 
translations, adaptations, summaries, extracts, Derivative 
Works or Collective Works and (c) to license others to do 
any or all of the above. The foregoing rights may be 
exercised in all media and formats, whether now known or 
hereafter devised, and include the right to make such 
modifications as are technically necessary to exercise the 
rights in other media and formats. If the "Open Access" box 
has been checked in Item 1 above, JoVE and the Author 
hereby grant to the public all such rights in the Article as 
provided in, but subject to all limitations and requirements 
set forth in, the CRC License. 
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4. Retention of Rights in Article. Notwithstanding 
the exclusive license granted to JoVE in Section 3 above, the 
Author shall, with respect to the Article, retain the 
nonexclusive right to use all or part of the Article for the 
noncommercial purpose of giving lectures, presentations 
or teaching classes, and to post a copy of the Article on the 
Institution's website or the Author's personal website, in 
each case provided that a link to the Article on the JoVE 
website is provided and notice of JoVE's copyright in the 
Article is included. All non-copyright intellectual property 
rights in and to the Article, such as patent rights, shall 
remain with the Author.  
5. Grant of Rights in Video - Standard Access. This 
Section 5 applies if the "Standard Access" box has been 
checked in Item 1 above or if no box has been checked in 
Item 1 above. In consideration of JoVE agreeing to produce, 
display or otherwise assist with the Video, the Author 
hereby acknowledges and agrees that, subject to Section 7 
below, JoVE is and shall be the sole and exclusive owner of 
all rights of any nature, including, without limitation, all 
copyrights, in and to the Video. To the extent that, by law, 
the Author is deemed, now or at any time in the future, to 
have any rights of any nature in or to the Video, the Author 
hereby disclaims all such rights and transfers all such rights 
to JoVE.  
6. Grant of Rights in Video - Open Access. This 
Section 6 applies only if the "Open Access" box has been 
checked in Item 1 above. In consideration of JoVE agreeing 
to produce, display or otherwise assist with the Video, the 
Author hereby grants to JoVE, subject to Section 7 below, 
the exclusive, royalty-free, perpetual (for the full term of 
copyright in the Article, including any extensions thereto) 
license (a) to publish, reproduce, distribute, display and 
store the Video in all forms, formats and media whether 
now known or hereafter developed (including without 
limitation in print, digital and electronic form) throughout 
the world, (b) to translate the Video into other languages, 
create adaptations, summaries or extracts of the Video or 
other Derivative Works or Collective Works based on all or 
any portion of the Video and exercise all of the rights set 
forth in (a) above in such translations, adaptations, 
summaries, extracts, Derivative Works or Collective Works 
and (c) to license others to do any or all of the above. The 
foregoing rights may be exercised in all media and formats, 
whether now known or hereafter devised, and include the 
right to make such modifications as are technically 
necessary to exercise the rights in other media and formats.  
7. Government Employees. If the Author is a United 
States government employee and the Article was prepared 
in the course of his or her duties as a United States 
government employee, as indicated in Item 2 above, and 
any of the licenses or grants granted by the Author 
hereunder exceed the scope of the 17 U.S.C. 403, then the 
rights granted hereunder shall be limited to the maximum 
rights permitted under such statute. In such case, all 
provisions contained herein that are not in conflict with 
such statute shall remain in full force and effect, and all 
provisions contained herein that do so conflict shall be 

deemed to be amended so as to provide to JoVE the 
maximum rights permissible within such statute.  
8. Protection of the work. The Author(s) authorize 
JoVE to take steps in the Author(s) name and on their behalf 
if JoVE believes some third party could be infringing or 
might infringe the copyright of either the Author’s Article 
and/or Video. 
9. Likeness, Privacy, Personality. The Author hereby 
grants JoVE the right to use the Author's name, voice, 
likeness, picture, photograph, image, biography and 
performance in any way, commercial or otherwise, in 
connection with the Materials and the sale, promotion and 
distribution thereof. The Author hereby waives any and all 
rights he or she may have, relating to his or her appearance 
in the Video or otherwise relating to the Materials, under 
all applicable privacy, likeness, personality or similar laws.  
10. Author Warranties. The Author represents and 
warrants that the Article is original, that it has not been 
published, that the copyright interest is owned by the 
Author (or, if more than one author is listed at the beginning 
of this Agreement, by such authors collectively) and has not 
been assigned, licensed, or otherwise transferred to any 
other party. The Author represents and warrants that the 
author(s) listed at the top of this Agreement are the only 
authors of the Materials. If more than one author is listed 
at the top of this Agreement and if any such author has not 
entered into a separate Article and Video License 
Agreement with JoVE relating to the Materials, the Author 
represents and warrants that the Author has been 
authorized by each of the other such authors to execute this 
Agreement on his or her behalf and to bind him or her with 
respect to the terms of this Agreement as if each of them 
had been a party hereto as an Author. The Author warrants 
that the use, reproduction, distribution, public or private 
performance or display, and/or modification of all or any 
portion of the Materials does not and will not violate, 
infringe and/or misappropriate the patent, trademark, 
intellectual property or other rights of any third party. The 
Author represents and warrants that it has and will 
continue to comply with all government, institutional and 
other regulations, including, without limitation all 
institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy, and all other rules, regulations, 
laws, procedures or guidelines, applicable to the Materials, 
and that all research involving human and animal subjects 
has been approved by the Author's relevant institutional 
review board. 
11. JoVE Discretion. If the Author requests the 
assistance of JoVE in producing the Video in the Author's 
facility, the Author shall ensure that the presence of JoVE 
employees, agents or independent contractors is in 
accordance with the relevant regulations of the Author's 
institution. If more than one author is listed at the 
beginning of this Agreement, JoVE may, in its sole 
discretion, elect not take any action with respect to the 
Article until such time as it has received complete, executed 
Article and Video License Agreements from each such 
author. JoVE reserves the right, in its absolute and sole 
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discretion andwithout giving any reason therefore, to 
accept or decline any work submitted to JoVE. JoVE and its 
employees, agents and independent contractors shall have 
full, unfettered access to the facilities of the Author or of 
the Author's institution as necessary to make the Video, 
whether actually published or not. JoVE has sole discretion 
as to the method of making and publishing the Materials, 
including, without limitation, to all decisions regarding 
editing, lighting, filming, timing of publication, if any, 
length, quality, content and the like.  
12. Indemnification. The Author agrees to indemnify 
JoVE and/or its successors and assigns from and against any 
and all claims, costs, and expenses, including attorney's 
fees, arising out of any breach of any warranty or other 
representations contained herein. The Author further 
agrees to indemnify and hold harmless JoVE from and 
against any and all claims, costs, and expenses, including 
attorney's fees, resulting from the breach by the Author of 
any representation or warranty contained herein or from 
allegations or instances of violation of intellectual property 
rights, damage to the Author's or the Author's institution's 
facilities, fraud, libel, defamation, research, equipment, 
experiments, property damage, personal injury, violations 
of institutional, laboratory, hospital, ethical, human and 
animal treatment, privacy or other rules, regulations, laws, 
procedures or guidelines, liabilities and other losses or 
damages related in any way to the submission of work to 
JoVE, making of videos by JoVE, or publication in JoVE or 
elsewhere by JoVE. The Author shall be responsible for, and 
shall hold JoVE harmless from, damages caused by lack of 
sterilization, lack of cleanliness or by contaminationdue to 
the making of a video by JoVE its employees, agents or 
independent contractors. All sterilization, cleanliness or 

decontamination procedures shall be solely the 
responsibility of the Author and shall be undertaken at the 
Author's expense. All indemnifications provided herein 
shall include JoVE's attorney's fees and costs related to said 
losses or damages. Such indemnification and holding 
harmless shall include such losses or damages incurred by, 
or in connection with, acts or omissions of JoVE, its 
employees, agents or independent contractors.  
13. Fees. To cover the cost incurred for publication, 
Jo VE must receive payment before production and 
publication the Materials. Payment is due in 21 days of 
invoice. Should the Materials not be published due to an 
editorial or production decision, these funds will be 
returned to the Author. Withdrawal by the Author of any 
submitted Materials after final peer review approval will 
result in a US$1,200 fee to cover pre-production expenses 
incurred by JoVE. If payment is not received by the 
completion of filming, production and publication of the 
Materials will be suspended until payment is received. 
14. Transfer, Governing Law. This Agreement may be 
assigned by JoVE and shall inure to the benefits of any of 
JoVE's successors and assignees. This Agreement shall be 
governed and construed by the internal laws of the 
Commonwealth of Massachusetts without giving effect to 
any conflict of law provision thereunder. This Agreement 
may be executed in counterparts, each of which shall be 
deemed an original, but all of which together shall be 
deemed to me one and the same agreement. A signed copy 
of this Agreement delivered by facsimile, e-mail or other 
means of electronic transmission shall be deemed to have 
the same legal effect as delivery of an original signed copy 
of this Agreement. 

 
A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission. 

 
CORRESPONDING AUTHOR 
Name:   
 
Department:  
 
Institution:  
 
Title:  
 

Signature:  
 

Date:  

Please submit a signed and dated copy of this license by one of the following three methods: 
1. Upload an electronic version on the JoVE submission site 
2. Fax the document to +1.866.381.2236 
3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140 

 

 

 

 

 

 

 

 

David Barrass

WTCCB

University of Edinburgh

Mr

21st February 2019



Editorial comments: 
 

The manuscript has been modified and the updated manuscript, 59874_R1.docx, is attached 

and located in your Editorial Manager account. Please use the updated version to make 

your revisions. 
 

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are 

no spelling or grammar issues. 

2. Please revise the text in Protocol to avoid the use of any personal pronouns (e.g., "we", 

"you", "our" etc.). 

3. Step 1.1.1: Please ensure that all text is written in the imperative tense as if telling someone 

how to do the technique (e.g., “Do this,” “Ensure that,” etc.). 

4. 1.1.2: Please ensure that all text is written in the imperative tense as if telling someone how 

to do the technique (e.g., “Do this,” “Ensure that,” etc.). 

5. 1.1.3: Please ensure that all text is written in the imperative tense as if telling someone how 

to do the technique (e.g., “Do this,” “Ensure that,” etc.). 

6. 1.2.1: Please ensure that all text is written in the imperative tense as if telling someone how 

to do the technique (e.g., “Do this,” “Ensure that,” etc.). 

7. 1.2.3: Please add more details to your protocol steps. Please ensure you answer the “how” 

question, i.e., how is the step performed? 

8. 1.2.4: Please ensure that all text is written in the imperative tense as if telling someone how 

to do the technique (e.g., “Do this,” “Ensure that,” etc.). 

9. 2.2: What’s the condition for culture? 

10. 2.7: What’s the temperature for incubation? 

11. 3.1: Please ensure that all text is written in the imperative tense as if telling someone how 

to do the technique (e.g., “Do this,” “Ensure that,” etc.). 

12. 3.4: What’s the condition for culture? 

13. 3.7: Please ensure that all text is written in the imperative tense as if telling someone how 

to do the technique (e.g., “Do this,” “Ensure that,” etc.). 

14. 3.11.1: Please ensure that all text is written in the imperative tense as if telling someone 

how to do the technique (e.g., “Do this,” “Ensure that,” etc.). 

15. 3.11.2: Please ensure that all text is written in the imperative tense as if telling someone 

how to do the technique (e.g., “Do this,” “Ensure that,” etc.). 

16. 3.12: Please ensure that all text is written in the imperative tense as if telling someone  

We would recommend rewrite the steps as:  

1.1 Use ura3- as the parental strain. Into this strain, introduce the β-est AID system (i.e. the 

β-estradiol responsive transcription factor (ATF) factor & the osTIR ORF).  

1.1.1: Obtain a plasmid, either pZTRK (G418 resistance marker) or pZTRL (LEU2  marker) 

available from the Yeast Genetic Resource Centre. Transform the plasmid into a yeast strain 

or use as a template for genomic integration. 

1.1.2: PCR amplify the ATF (marked Z4EVATF on the plasmid map) and osTIR using a high 

fidelity polymerase from either of the plasmids pZTRK or pZTRL. Use primers with 50 to 60 

base 3’ extensions with homologies to the genomic region the insertion is to be placed in by 

homologous recombination. Integrate the two components genomically separately or together, 

see Table 1 for primers and conditions. 

1.1.3 could be written as a note. 

 

Steps 1.2.1, 1.23 and 1.2.4: We could not film generic steps. Please use a specific protein as 

an example. 
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Steps 2.2, 2.7 and 3.3:  Please provide the conditions for your specific experiment. However, 

a note could be added, indicating that conditions depend on different experiment. 

 

Authors Response 

These sections have been completely re-written, and I feel that the new version is much more 

in-line with what is required for a Jove paper now. Thank you for your advice 

 

17. There is a 2.75 page limit for filmable content. Please highlight 2.75 pages or less of the 

Protocol steps (including headings and spacing) in yellow that identifies the essential steps of 

the protocol for the video, i.e., the steps that should be visualized to tell the most cohesive 

story of the Protocol. 

 

Highlighted in Yellow 

 

18. Figure 2: Please add a short description of the figure in Figure Legend. 

 

 

Done 


