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Antiviral Properties of Propolis

PROCEDURE 
• Ethanol extracts of propolis were made by grinding propolis and dissolving it into 95% ethanol in sealed jars, which 

were wrapped in aluminum and placed in the dark for two weeks with intermittent shaking. 
• A dose response study was initially conducted on the yeast strain JC3212 to test the propolis samples for their 

antifungal properties, allowing determination of concentrations to be used on the rest of the assays without causing 
cell death. The optical density (OD600) of the yeast culture was measured after overnight growth at 20°C using a 
spectrophotometer. Based on this initial study, four concentrations (2%, 0.2%, 0.02%. 0.002%) were determined to be 
appropriate to conduct the rest of the experiments with.

• The YPD Broth was inoculated with the yeast and was incubated overnight in at 31°C 
• Studies using the four optimal propolis concentration from each of the three different sources of Propolis were 

conducted five times.
• The positive control used for the assay was foscarnate (200 μg/mL), known to inhibit transposition 

(www.ncbi.nlm.nih.gov/pmc/articles/PMC85430).
• The yeast/propolis solution was incubated on a shaking platform at 20-24°C for 3 days. 
• To determine the number of cells in the culture, 10 μL of each culture was diluted 10X sequentially and plated onto 

YPD agar plates. 
• The remaining culture 990 μL of culture was centrifuged and the cell pellet was plated onto SC-His agar plates 

(Synthetic Complete media minus Histidine, pH 5.6). 
• The retrotransposition frequency was determined by using the formula: 

CONCLUSION and DISCUSSION 
• While propolis was able to affect the retrotransposition frequency of Ty1, it also showed a different result from 

the one expected in the hypothesis. 

• An increase in the frequency of retrotransposition when introduced to propolis was also observed in certain 
samples but not clear why.

• The majority of the retrotransposition activity occurred using the 2% propolis solution, the highest concentration 
used in our experiments. This implied that the propolis at a higher concentration had a greater impact and in 
many cases it appeared to increase the retrotransposition frequency. These findings contradicted our original 
hypothesis.

• One possible explanation for our results would be that perhaps the propolis was unable to enter the cell and 
therefore could not interrupt the reverse transcriptase of the Ty1. In addition, the introduction of propolis to this 
yeast could have encouraged yeast replication either by disturbing the cells’ equilibrium or encouraging 
reproductive growth, which would cause the retrotransposition frequency to increase. This thought stems from 
observations made by researchers when they found increased levels of Ty1 RNA and retrotransposition to occur 
when yeast cells were exposed to various DNA-damaging agents, such as UV light, y-rays, 4-nitroquinoline-1-
oxide (4-NQ0) and methylmethane sulfonate (MMS) (Curcio et al., 2014). Further study would be valuable to not 
only determine whether propolis is able to enter the yeast cells, but also if propolis increased retrotranscription
by encouraging reproductive growth. 

• Lastly, in adding the propolis to the YPD media, the propolis proved to be lacking solubility in the media. Review 
of research indicated that propolis is a hydrophobic substance. The 20% extract that was made initially became a 
thick, foaming substance when exposed to the media, which may have prevented propolis from dissolving 
completely. Consequently perhaps this was one of the reasons why propolis was unable to bring about the effects 
it might have had, had it dissolved completely.

• Further studies investigating whether propolis can enter the yeast cells in the first place without damaging them 
and thus was able to cause an unintended increase in retrotransposon events would provide valuable insight into 
this issue.
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RESULTS | Every sample of propolis resulted in an increase in retrotransposition frequency when compared to the wild type 

(based on a 95% C.I.). Most of these increases were not significant. However one of the samples showed a significant increase at 
three different concentrations, 0.02%, 0.2%, and 2%. Another sample also showed a significant increase at a concentration of 0.2%. 
These results do not support our hypothesis, which claimed that the retrotransposition frequency would decrease in the presence 
of propolis. Propolis solution demonstrated foaming characteristics and not of a homogenous mixture as intended in our research.
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INTRODUCTION |  Propolis is formed from the resinous exudate of the flower buds of poplar and 

conifer trees, and from the bark of trees that are collected by bees. Propolis originating from various geographical 
regions vary both in chemical content and amount generated (Schnitzler). Typically, raw propolis is composed of 
50% plant resins, 30% waxes, 10% essential and aromatic oils, 5% pollens and 5% other organic substances, 
including flavonoids. Aside from adding some wax to the substance, the bees largely leave the chemical makeup of 
the propolis unchanged. 
Propolis has a variety of uses outside of the hive. It has been used medicinally since 300 BC as an antiviral, 
antimicrobial, antifungal, and anti-inflammatory agent. Many studies also support it’s antibacterial, antifungal and 
antiviral properties. 

In our studies we investigated the potential antiviral properties of propolis using a standard Ty1 retrotransposition
assay as a model system.  The similarities between the reproductive cycles of Ty1 and HIV are what make Ty1 an 
ideal model for such an inquiry. HIV-1 is a retrovirus and a large portion of HIV’s reproductive cycle is directly 
modeled by how Ty1 retrotranspose.
Ty1 has a gene sequence that naturally exists in Saccharomyces cerevisiae, or budding yeast, which was used in our 
assays as host cells. The genome of such yeasts have multiple copies of the retrotransposon Ty1, and together 
with the fact that the HIV and Ty1 elements are evolutionarily similar in their genomic structure, makes the yeast 
cell an ideal model system to study retrotransposition of viruses and retrotransposable elements such as Ty1. We 
used a strain of yeast that was engineered with a reporter gene in one of the Ty1 copies. Retrotransposition
frequency of Ty1 in this strain can be measured by determining the percentage of the cells assayed that can grow 
in the absence of histidine. We tested the hypothesis that propolis would inhibit the replication of the Ty1 
retrotransposon in Saccharomyces cerevisiae.

.

ABSTRACT | Propolis, commonly referred to as "bee glue", has been well documented in literature as a remedy to fight infections including the viruses that cause herpes and HIV-1. Propolis is a resinous substance gathered 

by bees to line and reinforce their hives, and the antimicrobial properties of propolis have been shown to prevent microbial infection of bee larvae, honey stores, and combs. In our experiments, we further investigated the 
antiviral properties of propolis by inhibiting the replication Ty1, an active long terminal repeat (LTR) retrotransposon in the budding yeast, Saccharomyces cerevisiae. Ty1 retrotransposon replication shares many common steps 
with retroviruses that infect humans, including HIV, and therefore compounds that inhibit Ty1 have the potential to also inhibit retroviruses. Antiviral effects of ethanol-extracted propolis were tested on the Ty1 retrotransposon. 
Ty1 replication was measured in the presence of different concentrations and sources of propolis using a Ty1 retrotransposition assay. The Ty1 gene was tagged with a sequence designed to produce its own histidine. Thus, if 
retrotransposition occured uninterrupted, the yeast would be able to thrive on a His- plate. The retrotransposition frequency was calculated using the standard formula for calculating mobile elements transposition. Our 
hypothesis stated that propolis would decrease the retrotransposition frequency of Ty1 by interfering with the reverse transcriptase activities of Ty1 and thus lower the frequency of transposition. While the majority of the 
propolis samples had little effect on reducing the frequency of retrotransposition, as hypothesized, there was evidence of a reverse effect, i.e. an increase in the retrotransposition frequency of Ty1 in a few cases. While it is 
unclear why propolis did not impact the frequency of transposition as expected, it is clear that further studies, such as the mechanism of entry of propolis into the yeast cells and effect of propolis on the cells' reproductive growth 
period, would be needed to better understand this phenomenon.

Figure 1. An apis mellifera (honey bee), with 
procured propolis. Photo by d’ Éric Tourneret, (www.thehoneygatherers.com)

Figure 3. Structure and replication cycle of Ty1 are related to retroviruses such as HIV-1.

Figure 4. Flow chart of Retrotransposition Assay
The number of colonies grown on each respective plate are counted and 
used to calculate the Ty1 retrotransposition frequency. The cells in 
colonies on SC-His Plates have gone through a retrotransposition event.

Figure 5. Optical Density test: the effect of propolis concentration on 
growth of yeast. Cultures of yeast containing the indicated 
concentration of propolis extract were grown for 24 hours 20-24°C, 
after which, the absorbance of the cultures at 600 nm was determined.

Figure 6. Ty1 retrotransposition assay.
(Error bars are standard error of the mean).

Figure 2. Raw propolis from New York state apiaries. 
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Table 1. Ty1 retrotransposition assay.
**Fold Δ increase in retrotransposition freq. was significant.

Treatment
Retrotransposition freq. 

± SE (10−7)
Fold Δ in 

retrotransposition
Without Treatment 0.652 ±0.176 1.00

Foscarnate 0.0211 ±0.014 0.032

Propolis A at 0.002% 1.26 ±0.329 1.93

Propolis A at 0.02% 1.08 ±0.216 1.66

Propolis A at 0.2% 1.01 ±0.162 1.55

Propolis A at 2% 1.12 ±0.251 1.72

Propolis B at 0.002% 0.846 ±0.208 1.3

Propolis B at 0.02% 1.08 ±0.212 1.66

Propolis B at 0.2% ** 0.947 ±0.096 1.45

Propolis B at 2% 1.89 ±0.493 2.90

Propolis C at 0.002% 0.701 ±0.113 1.08

Propolis C at 0.02% ** 1.31±0.167 2.01

Propolis C at 0.2% ** 0.773 ±0.400 1.19

Propolis C at 2% ** 2.44 ±0.173 3.74

Retrotransposition Frequency = # of colonies on SC-His plate/# of colonies on YPD plate x 106

Figure 7. Honey Bee.
Photo by William Banik, (http://animals.nationalgeographic.com/animals/bugs/honeybee/)

Yeast Cells in YPD Media

2%           0.2%         0.02%      0.002%

Incubated for 3 days at 20-
24°C on a shaking platform

1000mL Yeast 
in YPD + Propolis

YPD plate                                      SC-His plate

10mL of sample plated on 
YPD plates

990mL of sample 
centrifuged and then 

plated on SC-His plates

Plates were incubated at 30oC for 3 days

Propolis Dilutions
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