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Tracey Peake (00:03):
Hello and welcome to NC State's Audio Abstract. I'm your host, Tracey Peake. Microplastics are everywhere on earth, including the oceans. The threat they pose to marine environments and by extension to human health is no joke. So what can we do to get rid of the contamination? Specially engineered microorganisms may be one answer. Nathan Crook is an assistant professor of chemical and biomolecular engineering at NC State and is here today to talk about ways to get rid of microplastics without creating a whole new contamination problem. Welcome, Nathan.
Nathan Crook (00:44):
Thank you.
Tracey Peake (00:44):
Thanks for being here. So let's start by talking a little bit about microplastics generally and the scope of this whole problem. Do we have any numbers around how much contamination is out there specifically in the oceans?
Nathan Crook (01:01):
Estimates that I've seen correspond to about 14 million tons of plastic on the bottom of the ocean. So you can imagine the bottom of the ocean is a little bit difficult to measure, but people will take transects, so they'll go across the ocean floor and look... Literally count how much plastics they see, and they sort of extrapolate from there. And about 14 million tons on the ocean floor and about 5 million tons on the ocean surface. That's our current best guesses for how much plastic is on or in the ocean. Now, to put that into context, the global plastic production rate in 2022 is 400 million tons. So it's not like all of it's getting into the ocean, but it's a sizable fraction that's leaking through our waste recovery streams.
Tracey Peake (01:58):
And speaking of waste recovery streams, how is it getting there? It can't just all be tourists not packing their coolers up, right?
Nathan Crook (02:06):
No, and I've been guilty of spilling stuff in the past. I think the thing we have to think about with plastics is that our waste system is designed that it captures most of what we throw away. And if there's a little bit of leakage, then nature takes care of it. Think about wood or food or even metals. Most of it gets to where it needs to go, but there's invariably wind that will blow a material away or maybe a trash truck tips over or something. These things happen, and normally nature is okay at degrading those things a little bit slowly, but with plastic, there is no natural process for getting rid of them. And so it just builds up. I think it's the first material for which there hasn't been a natural breakdown mechanism.
Tracey Peake (02:59):
I know we talk about recycling and recycling plastic, that's not a way to get rid of everything that we're putting out there. You would have to have a 100% recycling rate, and that's not ever going to happen.
Nathan Crook (03:16):
Right. Issues with plastic recycling is that number one, it's hard to separate that material into its constituent components. There's certainly a manual problem of this is PET and this is polypropylene, and this goes to different bins, that's maybe a problem robots can solve. But there's also materials like chip bags for example. There are layers of different types of plastic all embedded in the same film. And then separating those out is obviously very, very difficult. So the separation problem is no joke. And then when you make a recycled piece of plastic, people who generate materials with those plastics tend not to prefer recycled plastic because it doesn't have the same properties as what they call virgin plastics. Plastics that you get from monomers, you got out of oil, for example.
Tracey Peake (04:03):
And not just when we're talking about plastic contamination and within the oceans, Don't we all consist of plastic now as well?
Nathan Crook (04:31):
Yeah, so there have been reports that say we eat about credit card's worth of plastic every year. So microplastics, the rule of thumb is they exist everywhere. And so they found microplastics in baby poop.
Tracey Peake (04:46):
Oh, wow.
Nathan Crook (04:47):
So they look at diapers, they can see microplastics there. There was a recent study that looked at human cadavers and in the brain and in the kidney they found plastics there as well. So it's a very interesting... And those are never going to go away. Once they're there, there's no route to disposal of those in your body. And so they exist in our food. They exist in nature. Because they're so small, they get everywhere.
Tracey Peake (05:17):
Well, that's very depressing. So let's talk about ways that we can maybe make this a little less depressing. So you work with microorganisms, and where do microorganisms, if I could speak, come into this? What are we talking about? If we're talking about a microorganism that can help degrade plastic? What kind of creature are we talking about here?
Nathan Crook (05:39):
So these are very, very tiny. They're about a micron in size. So you can imagine maybe 100 of them fitting across a human hair in terms of its size, physical size. So they're very, very tiny, and they can get into all of these tiny places that microplastics can live, not in our body. We're not putting this into a body, but maybe within soils. Soils have different nooks and crannies that these microbes can get into. Microbes are also mobile so they can swim around. And so we thought microbes were a good platform for this because they're so tiny, because they're mobile, they can be manufactured at large scales and they are able to seek out and eat the foods that you tell them to eat.
Tracey Peake (06:28):
And how do you engineer that? How do you say, okay, microbe, you want to eat Pepsi bottles?
Nathan Crook (06:33):
That's a great question. It's a weirdly simple process. If you take a microbe and you apply just the right amount of electric current across that cell body, it opens up tiny holes in its cell wall, not enough to kill it, but enough to sort of let DNA in. That DNA gets in. And if you write that DNA correctly, the microbe looks at that and says, ah, this is my own DNA. I will start making the materials that this DNA tells me to make. And that's how we tell it to produce enzymes that degrade the plastics, for example.
Tracey Peake (07:07):
Wow. Okay. And so when we're talking about microbes, these are single cell organisms?
Nathan Crook (07:12):
Yes, that's correct.
Tracey Peake (07:13):
So are they similar to a bacterium or something?
Nathan Crook (07:13):
Oh, yeah. These are a bacterium. The name of them is Vibrio natriegens. It's a seawater microbe, seawater bacterium. Some of its useful properties in our eyes that it's very fast-growing. So in ideal conditions, not when you have to tell it to eat plastics, but under ideal conditions, it can reproduce every 10 minutes. So imagine going from one cell to two cells, then two to four et cetera, every 10 minutes, which is quite powerful. The other thing is that it likes to grow in media or water that is kind of salty. It tends to grow in the interface between rivers and oceans, so you can imagine there would be microplastics in those types of places. The other thing that it's a non-pathogenic microbe, so there's not really any known cases of people getting infected by this organism. So it's useful platform for this as well.
Tracey Peake (08:10):
Okay, that's great. What does it normally do? You know what I mean? It's just out there.
Nathan Crook (08:18):
That's a great question. You asked that question about synthetic biologists, and they have to pause for a minute because these are sort of tools that you have in the lab, and you don't think about, oh, this was an actual organism in the wild somewhere. My guess is that it eats the materials that a brackish environment would have. Things like decomposition products of plants, for example, or things like this were floating around.
Tracey Peake (08:46):
So is it a part of the normal food chain in those environments?
Nathan Crook (08:49):
Yeah, it's part of... It's a naturally isolated microbe from a river delta somewhere. And it was in the world before it was in our lab.
Tracey Peake (08:57):
Okay. That is all we would need to know. So you said that you can get them by inserting this different DNA, you can get them to secrete an enzyme that will break down plastic?
Nathan Crook (09:09):
That's correct.
Tracey Peake (09:10):
Is this any plastic of any size? So it would be like a little microparticle of plastic floating along, or are we talking about the more concentrated, oh no, the sea turtle is caught in the plastic bag, kind of plastic?
Nathan Crook (09:23):
That's a great question. So these are specifically PET plastics, polyethylene terephthalate. So where these are is clamshell packaging. So if you get spinach from the grocery store, it's in a clear package that's usually made of PET, clothes polyester is PET. So there's a variety of places you'll find that in the environment. Now, when you have an enzyme that breaks down a polymer like this, the larger that body of polymer is, the less surface area that's accessible to the enzyme. So a plastic bag, which is not made of PET, it's made out of polyethylene, has a relatively small surface area compared to little bits of that plastic bag. The more surface area you have, the more likely that enzyme will work on it. It'll work on any exposed polymer. It's just better at the ones that have more surface area.
Tracey Peake (10:16):
Okay. And so the ones that you have worked on specifically are geared toward degrading these PET plastics. Could you engineer some for the other kinds of plastics, or is there something about those polymers that makes it harder to use a microorganism?
Nathan Crook (10:32):
That's another good question. We chose PET because there was a report back in 2016 of some Japanese researchers that had identified a microbe called the Ideonella sakaiensis that could degrade PET. It was isolated from a landfill that they recovered this from. And so this could naturally eat PET plastics. The issue with this organism is that it was slow growing. We thought, well, we could do better via engineering.
(11:00):
With other types of plastic, you have to think about the molecular structure of that plastic. So PET has, without getting too technical, it's got an aromatic ring inside, and that is reminiscent in nature of plant polymers. So plant polymers have this lignin that makes them hard to break down. And lignin also has all these aromatic rings. We think that a lot of the enzymes that are used to break down PET are kind of also okay at breaking down these plant polymers that exist in nature. So if you're going to move towards something like polyethylene or polypropylene, it's a long chain of carbons, you'd likely want to start with something that's good at eating long chains of carbons like oil, for example. That would be a better place to look for a starting point for these types of things.
Tracey Peake (11:48):
Now that we have a little microbe and it's eating the PET and it's doing its thing, what is the end product of that? It's "eating it." And then what's the waste product that is produced?
Nathan Crook (12:07):
We published a paper a year or two ago on just the depolymerization of the PET. It would produce two different types of molecules. One's called terephthalic acid, and one is called ethylene glycol. And these are the building blocks of PET. Now, the organism didn't really do anything with those products. I will mention that we're not the only people looking at PET degradation, and there are folks who are looking at taking that terephthalic acid and ethylene glycol and then remaking PET out of it. So it would have similar properties to virgin plastic if you just took those, purified them and re-plimarized. You could also take the terephthalic acid and convert it into something interesting that's not terephthalic acid. I saw a paper about researchers who had converted that into vanillin. So it's structurally very similar to vanilla flavoring. And they had done a small set of enzymatic conversions to take that terephthalic acid into vanillin. So I don't know if the market for vanillin is as big as the market for PET, but it's an interesting sort of case study there.
Tracey Peake (13:12):
That's wild. Your cake was made from recycled plastic.
Nathan Crook (13:17):
Exactly.
Tracey Peake (13:18):
That's amazing. So right now, it just sort of breaks it down to the two component parts. Are the component parts by themselves as toxic to the environment as plastic, or would those things degrade on their own?
Nathan Crook (13:31):
So those things do have natural routes for their remediation. So what we've been doing since that paper is take those natural routes for, specifically terephthalic acid breakdown, and inserting those into our strain as well. And so in the end, what we're hoping for is a strain that can break down the PET and then actually consume the terephthalic acid and use it as a source of energy to produce more bacteria in the process. And so it essentially would convert the PET into sort of biomass that you...
Tracey Peake (14:04):
Okay. That'd be great. And it'd be even more great if it all smelled like vanilla at the end.
Nathan Crook (14:07):
Yeah.
Tracey Peake (14:08):
That's probably a bridge too far. So once you have them out there doing their job, do you need to remove the microbes from the environment?
Nathan Crook (14:20):
With this sort of system, we're actually right now very hesitant to say we want to disperse it into the environment. I think that would be not the right move right now. There's lots of plastic that we want. We don't want it to start breaking down. Well, I think another use of this could be is if you had a salt contaminated plastic that you've already collected from the ocean and you just want to get rid of it, you could put it all into a big vat and break it down like a digester potentially, and to break it down into biomass. Another option for this would be if you have a source of microplastics, let's say wastewater. Wastewater has laundry fibers in it that are basically just microplastics. And those normally would get dispersed into the environment, but you could instead capture those fibers and break them down before they get to the environment as well. So we're thinking containment physically before we start looking at more advanced options like kill switches in the microbe or something like this.
Tracey Peake (15:21):
Okay. Yeah, I hadn't thought about it that way. So it would be a last step in wastewater treatment kind of thing. You'd run it through the area where all the little microbes are to get rid of all the little microplastics in that, and then it would continue on through the wastewater treatment.
Nathan Crook (15:36):
That's right.
Tracey Peake (15:36):
Okay. Yeah, because there are plastics we would like... That'd be sad if you trying to keep your food fresh and it's just disintegrating in your hands.
Nathan Crook (15:44):
Of course. And you can imagine things like ships need... These coatings play a big role in corrosion resistance, and you want to avoid that.
Tracey Peake (15:52):
Right. Yeah. So how far along are we on this? How far out are we from utilizing some of these solutions?
Nathan Crook (16:05):
So I'm encouraged that we're not the only people working on this because if it was just us, it'd be forever. But there's a wide variety of other labs working on this. And my guess is that you'll start to see companies taking plastic as... Experimenting with this notion of bioremediation of plastic waste. Within the next 5 to 10 years, you'll start to see startups looking at this. How scalable this process ends up being is something I don't know. But I think you'll see startups certainly experimenting with this notion of, let's go to a recycling center and get all of their polyethylene terephthalate and convert it into fertilizer or convert it into maybe vanillin, for example, and that could be an interesting type of process.
Tracey Peake (16:47):
Yeah, definitely. And that's a lot closer than I would've thought, which is nice.
Nathan Crook (16:51):
There's a lot of momentum in this space right now.
Tracey Peake (16:55):
That's great. We would still have to go along and drag the ocean floor to get all the plastic out of the ocean, but then we could break it down, maybe.
Nathan Crook (17:02):
That's a big problem. Yes.
Tracey Peake (17:03):
Yeah, that's a big problem. I keep thinking of that floating island of garbage. Is that still a thing?
Nathan Crook (17:12):
You've heard of the plastic... What is it? The Ocean Cleanup project.
Tracey Peake (17:16):
Okay. Yes.
Nathan Crook (17:19):
Their whole thing is they have big ships that can trawl the ocean to clean up that stuff. I have no idea how their rate of removal versus the rate of addition of plastic, whether that's balancing right now. But I hope that by eliminating point sources of microplastics, maybe at wastewater treatment or in the industrial facility, that maybe there's industries that produce microplastics as part of a waste stream, you can limit them from getting in, in the first place.
Tracey Peake (17:48):
What are your next steps with this work, without giving anything away?
Nathan Crook (17:53):
No. Yeah, so the ability of a microbe to eat PET sets up a nice sort of natural experiment in our lab where you can actually do an evolution experiment in the group, in the lab where you say only those microbes that can eat plastic the fastest are able to survive the fastest. And so you can do an accelerated evolution experiment and look for those variants of those microbes that can be most efficient at eating that plastic and thereby reduce the time from plastic to biomass.
Tracey Peake (18:22):
Sort of like a big Darwinian race.
Nathan Crook (18:26):
That's correct. Yeah.
Tracey Peake (18:27):
All right, great. Well, and this brings me to my last question that I ask everybody, which is, what is the coolest thing you have learned while doing this or even the coolest thing that you've learned just in your field?
Nathan Crook (18:58):
Yeah. So the coolest thing about this work is honestly seeing it through the eyes of the students that are doing the actual research. So I'm not the one who's in the lab pipetting and making strains. It's my student and her name is Cheney Lee. She's a fifth year graduate student, chemical engineering. And just seeing her process of figuring things out and saying, "Oh, this didn't work today," and we troubleshoot. Or, "This worked really well," and we celebrate. Or, "I did this by accident, but look at it and it works better now," type of thing. So these sort of mentorship interactions are really what bring me here and keep me here because there's really no replacement for that. They do things that I could never have thought of in order to get this thing to work. So that's the most rewarding aspect of it.
Tracey Peake (19:54):
Okay. Well, thank you so much for being here today, Nathan. This has been really interesting.
Nathan Crook (19:59):
Thank you.
Tracey Peake (19:59):
We have been speaking today with Nathan Crook, an assistant professor of chemical and biomolecular engineering here at NC State. This has been Audio Abstract, I’m your host, Tracey Peake, thank you so much for listening.

	Audio Abstract - Microplastics - EXPORT FOR TRAN... (Completed  09/18/24)
Transcript by Rev.com
	Page 1 of 2



