Power swimming up the evolutionary ladder
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Deep Breaths: The Evolution Of Diving Mammals and Oxygen Mystery: How Marine Mammals Hold Their Breath
Marine myoglobin really packs it in.
The marine medals for diving go to animals like elephant seals and sperm whales, which can remain underwater for 90 minutes or more.1 Dolphins and other whales routinely stay under for 20 minutes. How do they do it?

The “mammalian diving reflex,” which slows the heart rate and shunts blood to the brain, heart, and muscles when submerged, operates in all mammals and facilitates these impressive feats. But champion divers have an edge—an extraordinary capacity to store oxygen in their muscles. This oxygen is stored in a molecule called myoglobin. Michael Berenbrink and colleagues at the University of Liverpool have found that something special about the myoglobin of champion divers equips them for their record setting performances.

Myoglobin, like hemoglobin, is a molecule designed to carry oxygen. Hemoglobin, which is packed into red blood cells, carries oxygen as blood circulates through the body. Myoglobin, packed into mammalian muscle cells, holds an extra oxygen supply for muscles to use when they have to work harder or longer than the oxygen supply from circulating blood can accommodate.
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Densely packed myoglobin stores much oxygen, enabling animals like the seal to hold their breath for extended dives. Image: 
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The sperm whale doesn't have to rush lunch. One of nature’s greatest mammalian divers, the sperm whale is equipped by its highly charged muscular myoglobin to spend 1–2 hours underwater before it must come up for air. Image: www.bbc.co.uk
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This three-dimensional model of a myoglobin molecule shows its roughly globular geometry. The amino acids on the surface may be neutral or charged, affecting how densely the molecules can be packed together. Myoglobin contains iron, which enables it to carry oxygen (shown in red). Image: en.wikipedia.org
Champion mammalian divers tend to have a great deal more myoglobin packed in their muscles than most terrestrial mammals and mammals that don’t go in for diving. But packing in more myoglobin is tricky business. If myoglobin molecules are too tightly packed, they stick together in a form that prevents the efficient storage and transfer of oxygen.

“At high enough concentrations,” Berenbrink explains, proteins “tend to stick together, so we tried to understand how seals and whales evolved higher and higher concentrations of this protein in their muscles without a loss of function.”

Myoglobin is a protein, a long chain of amino acids. This amino acid chain folds into a somewhat globular shape, forming a nest for oxygen bound to an iron atom. Variant forms of myoglobin contain different amino acids at certain points. Some amino acids are neutral, and some have a positive or negative charge. The amino acids positioned at the surface of the myoglobin molecule determine whether the molecule is neutral or positively charged.

“We studied the electrical charge on the surface of myoglobin and found that it increased in mammals that can dive underwater for long periods of time,” Berenbrink explains. “We were surprised when we saw the same molecular signature in whales and seals, but also in semi-aquatic beavers, muskrats and even water shrews.”

“Like the similar poles of a magnet, the [positively charged] proteins repel one another.” Berenbrink says. “In this way we think the animals are able to pack really high concentrations of these proteins into their muscles and avoid them sticking together and clogging up the muscles.” Thus, the myoglobin of many marine mammals is fine-tuned for long underwater stays.

Mammals with the most highly charged myoglobin, the researchers found, were seals, walruses, whales, dolphins, beavers, and muskrats. Obviously this group includes both marine mammals and terrestrial mammals that have impressive submergence times. Beavers and muskrats can stay underwater for around 15 minutes. Semi-aquatic mammals that spend less time underwater, such as star-nosed moles and water shrews—animals that come up for air in less than a minute—have lots of positively charged myoglobin too, but their molecules are less charged.
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Aquatic and semiaquatic mammals ranging from whales to beavers are equipped with charged forms of myoglobin that increase their oxygen-carrying capacity. Researchers extrapolate myoglobin characteristics of living animals back through time along their presumed evolutionary lineages in an attempt to trace the evolution of myoglobin and its role in the presumed transition between terrestrial and aquatic life. Image: S. Mirceta et al., “Evolution of Mammalian Diving Capacity Traced by Myoglobin Net Surface Charge, ”Science 340 (14 June 2013):1234192 . doi:10.1126/science.1234192

Manatees and dugongs, aquatic mammals that are more sluggish and tend to find their food in shallow water, had much less positively charged myoglobin. And while terrestrial mammals adapted for the low oxygen tension of high altitudes and for burrowing underground do have high concentrations of myoglobin, they do not have the positively charged form. Thus it appears positively charged myoglobin is an aquatic adaptation for animals that need to hold their breath a long time. And the longer the animal needs to hold its breath, the more positively charged its myoglobin is.

Not surprisingly, the researchers in this study sought the evolutionary underpinnings and implications for their discovery. “By mapping this molecular signature onto the family tree of mammals, we were able to reconstruct the muscle oxygen stores in extinct ancestors of today’s diving mammals,” Berenbrink explains. “It also allows us to estimate the dive times of the ancient ancestors of whales. We can look at the fossils and predict the dive times they had.”

The researchers also presume that terrestrial animals with high levels of myoglobin evolved from aquatic ancestors as they mutated away the charge on their myoglobin. They extrapolated from actual data about the myoglobin of living animals to the evolutionary lines of animals that postulate an aquatic ancestor. Based on the assumption that each kind of animal evolved from more primitive kinds, they made predictions about how long each ancestral animal could have held its breath and whether it was truly aquatic or not. Thus, even though elephants and echidnas do not have myoglobin suited for aquatic life, their evolutionary ancestors presumably did.

“This finding illustrates the strength of combining molecular, physiological and evolutionary approaches to biological problems and, for the first time, allows us to put ‘flesh’ onto the bones of these long extinct divers,” says Berenbrink. “We are really excited by this new find because it allows us to align the anatomical changes that occurred during the land-to-water transitions of mammals with their actual physiological diving capacity,” Mirceta explains. Knowing how long they could hold their breath “is important for understanding the prey items that were available to these extinct animals and their overall importance for past aquatic ecosystems.”

Because living animals with charged myoglobin allegedly come from several different evolutionary lineages, the researchers conclude that convergent evolution produced this charged form of myoglobin, which evolved multiple times over millions of years to solve the problem of giving mammals access to the depths.

Moreover, the researchers speculate back beyond even those extinct animals represented in the fossil record. They describe “the first evidence of a common amphibious ancestor of modern sea cows, hyraxes and elephants,” presumably holding its breath on the strength of evolving charged myoglobin while swimming “in shallow African waters some 65 million years ago.”

Correlation of myoglobin characteristics with the lifestyles of living animals has provided a good clue about how myoglobin works. However, application of this discovery to the evolutionary past is based on conjecture. The idea that modern animals evolved from simpler kinds of ancestors lacks experimental support. Thus, the hypothetical common ancestor of elephants, hyraxes, and manatees—and speculation about the nature of its myoglobin—are but an imaginary evolutionary construct to satisfy the needs of the evolutionary tale.

Likewise, biological science has not demonstrated that random natural processes can produce novel genetic information to enable evolution of new, more complex kinds of animals. And much as we might like to know how long an extinct animal could hold its breath, once the authors’ conclusions leave the here-and-now and the how-it-works to speculate about the unseen-and-untestable then-and-gone, they are basing their conclusions on experimentally unverifiable worldview-based assumptions.

Many important proteins and other biochemical molecules are found in more than one kind of living thing. We would expect this in a world full of animals and plants designed by the same Creator. Typically, the specific versions of complex molecules vary somewhat in different kinds of animals. (Small variations also occur even within individual members of the same species.) Evolutionary scientists tend to interpret these biochemical similarities as evidence of evolution. Creation scientists, on the other hand, interpret these same facts as examples of our common Designer’s handiwork. The many kinds of animals we see in this world reproduce and vary only within their kinds, an observation consistent with the biblical account of the creation God made.

Varieties of myoglobin with features suited to the highly variable needs of these animals that spend most or all of their lives in the water is an example of the marvelous design of our intelligent Creator.
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Footnotes

1. Elephant seals ordinarily stay under for about 20 minutes, but a record-setting 119 minute dive wins the prize for this animal (earthguide.ucsd.edu/elephantseals/oxygen). A typical dive for a sperm whale probably lasts an hour. No one knows the maximum duration, but estimates range from 90 minutes to 2 hours (www.ftexploring.com/askdrg/askdrgalapagos2.html). Back
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深呼吸：潜水的哺乳动物和氧气神秘的演变：，海兽如何保持自己的气息
海洋肌红蛋白真包装它。
海洋跳水的金牌去动物如象海豹和抹香鲸，它可以在水下保持90分钟或more.1海豚和其他鲸鱼经常停留在20分钟。他们怎么办呢？
“哺乳动物潜水反射”的心率减慢和分流血液到大脑，心脏和肌肉淹没时，在所有的哺乳动物和促进这些令人印象深刻的壮举。但冠军潜水员有优势的一个非凡的能力，在他们的肌肉中储存氧气。此氧气被存储在称为肌红蛋白分子。迈克尔Berenbrink和在英国利物浦大学的同事们发现，一些特殊的肌红蛋白冠军潜水员装备他们为他们的战绩设置表演。
如血红蛋白，肌红蛋白，是携带氧气的分子设计。被打包到红血细胞，血红蛋白，携带氧气作为通过人体的血液循环。装到哺乳动物的肌肉细胞，肌红蛋白，持有额外的氧气供肌肉使用时，他们必须更加努力地工作或更长的时间比从循环血液中可容纳的氧气供应。
 密密麻麻的肌红蛋白储存的氧气，使动物，如密封屏住呼吸，长时间潜水。图片：www.bbc.co.uk

 抹香鲸不必急于午餐。自然界最伟大的哺乳动物的潜水员之一，抹香鲸配备高电荷的肌肉的肌红蛋白水下花1-2个小时之前，它必须拿出空气。图片：www.bbc.co.uk

 肌红蛋白分子的该三维模型的显示其大致球形的几何形状。的表面上的氨基酸可以是中性的或带电的，影响密集的分子可以被包装在一起。肌红蛋白含有铁，这使得它携带氧气（显示为红色）。图片：en.wikipedia.org

冠军哺乳动物潜水者往往有更大量的肌红蛋白比大多数陆地哺乳动物和哺乳动物不去潜水装在他们的肌肉。但是，包装更多的肌红蛋白是很棘手的事情。如果肌红蛋白分子太紧密包装好，它们粘在一起，防止氧气的高效存储和传输的一种形式。
“在足够高的浓度，Berenbrink解释，蛋白质”往往粘在一起，所以我们试图了解海豹和鲸鱼进化越来越高浓度的这种蛋白质在肌肉没有功能丧失。“
肌红蛋白是一种蛋白质，氨基酸的长链。这种氨基酸链折叠成一个有点球状，氧气结合在铁原子形成一个窝。肌红蛋白的变异形式包含在某些点上的不同的氨基酸。有些氨基酸是中性的，和一些有正或负电荷。氨基酸定位于肌红蛋白分子的表面，确定是否为中性或带正电荷的分子。
“我们研究了肌红蛋白的表面上的电荷，并发现，它增加了很长一段时间，可以潜入水下哺乳动物”Berenbrink解释。 “我们很惊讶，当我们看到鲸鱼和海豹的签名相同的分子，但也半水生河狸，麝鼠，甚至水鼩”。
“类似的两极磁铁一样，[正电的蛋白质互相排斥。”Berenbrink说。 “通过这种方式，我们认为动物能够收拾他们的肌肉，这些蛋白质进入真正的高浓度，避免它们粘在一起，堵塞了肌肉。”因此，许多海洋哺乳动物的肌红蛋白是微调长的水下停留。
最高度带电的肌红蛋白，研究人员发现，哺乳动物海豹，海象，鲸鱼，海豚，海狸，麝鼠。显然，这组包括海洋哺乳动物和陆生哺乳动物，有令人印象深刻的淹没时间。海狸和麝鼠可以在水下呆15分钟左右。半水生哺乳动物，花费更少的时间在水中，如星鼻鼹鼠和水鼩动物想出空气在不到一分钟内有许多带正电的肌红蛋白，但它们的分子较少费用。
 从鲸鱼到海狸的水生和半水生哺乳动物都配备了带电形式的肌红蛋白，增加他们的携氧能力。研究人员推断，肌红蛋白的活的动物回通过沿其假定的进化谱系时间在试图跟踪的肌红蛋白及其假定的过渡作用，在陆地和水生生物之间的进化特点。图片：S. Mirceta等，“肌红蛋白表面电荷净额跟踪哺乳动物潜水能力的演变，”科学“第340号（2013年6月14日）：1234192。 DOI：10.1126/science.1234192

海牛和儒艮较为低迷，往往会发现他们的食物在浅水，水生哺乳动物，有少得多正电的肌红蛋白。而陆生哺乳动物的低氧分压，高度高，适于穴居地下有高浓度的肌红蛋白，它们不具有带正电荷的形式。因此，它似乎正电的肌红蛋白是一种水生动物需要屏住呼吸很长一段时间的适应。和动物需要的时间越长举行的气息，更正电的肌红蛋白。
这并不奇怪，在这项研究中，研究人员试图以表彰他们发现进化的基础和意义。 “通过这种分子签名映射到哺乳动物家族树，我们能够重建肌肉氧存储在今天的潜水哺乳动物灭绝的祖先，”Berenbrink解释。 “这也使我们估计鲸鱼的古代先民的潜水时间。我们可以看看化石和预测他们的潜水时间。“
研究人员还推测，陆生动物从水生生物的祖先进化而来的肌红蛋白水平高，因为他们突变，负责他们的肌红蛋白。他们推断，从实际数据对肌红蛋白的活体动物，动物假设水产品祖先的进化路线。基于假设每一种动物进化从更原始的种，他们做了多久每个祖先的动物都屏住了呼吸，无论是真正的水产品或预测。因此，即使大象和针鼹没有肌红蛋白，适合水生生物，它们的进化祖先大概做。
“这一发现说明了实力相结合的分子，生理和进化生物学问题的方法，第一次，让我们把这些早已灭绝的潜水员的骨头上的'肉'，说：”Berenbrink。 “我们非常高兴这一新的发现，因为它可以让我们调整土地，水与其实际生理潜水能力的哺乳动物过渡期间发生解剖学上的变化，”Mirceta解释。知道多久，他们屏住呼吸，“重要的是了解这些灭绝的动物的猎物，他们过去的水生生态系统的整体重要性。”
由于带电肌红蛋白的活体动物据称来自几个不同的进化谱系，研究人员得出结论，趋同进化产生充电形式的肌红蛋白，经过数百万年的演变多次来解决这个问题给哺乳动物访问到深处。
此外，研究人员推测，甚至超越那些灭绝的动物代表的化石记录。他们描述了一个共同的两栖现代海牛，蹄兔和大象的祖先“的第一个证据，”大概是屏住了呼吸，游泳时“约65万年前的在浅层非洲水域发展的带电肌红蛋白的实力。”
相关的肌红蛋白特性与生活的动物的生活方式提供了良好的肌红蛋白是如何工作的线索。然而，应用这一发现是基于进化的过去猜想。现代动物进化从简单的祖先种的想法，缺乏实验支持。因此，假设的共同祖先的大象，蹄兔，海牛和投机的性质其肌红蛋白，只不过是一个假想的进化结构，以满足需求的进化故事。
同样，生物科学，没有表现出随机的自然过程，可以产生新的遗传信息，以使新的，更复杂的各种动物的进化。太多，因为我们可能会想知道过了多久灭绝的动物，可以保持其呼吸，作者的结论，一旦离开这里，现在，如何工程推测看不见的和不可测，然后和走了，他们是基于他们的实验无法验证的世界观为基础的假设的结论。
许多重要的蛋白质及其他生化分子被发现在一个以上的类的活物。我们希望这个由造物主设计的动物和植物的世界。通常情况下，在不同种类的动物的复杂分子的特定版本的不同而有所变化。 （小的变化也会发生，即使在同一物种的个人会员。）进化的科学家往往作为进化的证据来解释这些生化相似之处。创造的科学家，另一方面，解释这些相同的事实作为例子，我们共同设计的手工。我们看到在这个世界上的许多种动物繁殖和变化只在它们的种类，符合圣经记载神创造的观察。
肌红蛋白的功能，适合高度可变的需求，这些花费大部分或所有他们的生活在水中的动物品种是一个例子，我们的智能造物主的奇妙设计。
欲了解更多信息，请访问：
新闻请注意2011年9月3日（双绞线鲸鱼的故事）
蓝色巨人
哺乳动物方舟种
欲了解更多信息：获取答案
________________________________________

请记住，如果你看到一些值得关注的新闻故事，让我们知道！ （注：如果故事来源于美联社，福克斯新闻，MSNBC，纽约时报，或其他主要国家媒体，我们将最有可能已经听说过它。）感谢所有我们的读者已提交伟大的新闻线索给我们。如果你没赶上所有最新的新闻知道，为什么不来看看，看到你已经错过了什么？
（请注意，该链接将直接带您到源。答案在创世纪是我们的网站上的内容不承担任何责任。如需更多信息，请查看我们的隐私政策。）
脚注
1。海象通常停留在20分钟左右，但创纪录的119分钟的潜水赢得的奖金这种动物（earthguide.ucsd.edu /的elephantseals /氧气）。一个典型的潜水抹香鲸可能持续一个小时。没有人知道的最大持续时间，但估计范围从90分钟到2个小时（www.ftexploring.com/askdrg/askdrgalapagos2.html）。后面
